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My Duar Sir, Aa . “ 


Meee: is * To you, as my first Instructor in Chemistry, and as 
a See Researches in the Science have raised your Nome 
to a high Station among British Chemists, I beg leave to dedi- 
cate the following Work; trusting that you will receive it as 


a ‘Testimony of the Gratitude and Respect with which I shall 


i 
always remain, 


‘ce : Faithfully and affectionately yours, 


a 


CORRESPONDING MEMBER OF THE ROYAL ACADEMY OF SCIENCES OF. PARIS,” 


Wixuuiam Toomas Branpe. 


PREFACE. 


Tuis Work was originally intended as a text-book, for the use of 
_ the Chemical Students in the Royal Institution, but the reception 
of the first edition by the Public, its translation into French, 
German, and Italian, and its re-publication in America, induced 
me to improve and enlarge it, and to endeavour to render it more 
worthy of such marks of approbation. 
The present Edition differs materially from its predecessors in 
all respects, except the general arrangement of its contents; this I 
have retained as in the original, under the conviction that it answers 
the purposes of the student: I have, in fact, re-written a large 
_ portion of the present volume; for the progress of Chemical Phi- 
_losophy since the first appearance of this Work has been such, as 
to give a new character to some of its leading departments, and 
more or less to influence the theoretical as well as the practical 
- details of almost all its branches. To this progress, the researches 
of my friend and colleague Professor Faraday have pre-eminently 
| contributed: his discoveries in Electricity have so modified and 
4 extended the chemical bearings of that extraordinary power of 
"matter, as to vie in importance with those of his great predecessor 
in the same school; while the skill with which he has traced out 
; their connexion with physical phenomena, has gone far to withdraw 
some of the barriers between Chemical and Physical Science. 
Organic Chemistry has also of late years assumed a new and 
striking aspect: the Atomic Theory has proved a powerful engine 
in removing many of the difficulties which encumbered its study; 
and the skilful activity with which its experimental details have 
been pursued by some of the ablest Chemists of Germany and 
France, has not only already been rewarded with a full measure of 
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interesting discovery, but has opened new and extended views to 
future inquirers. 

These have been the principal sources of the recent changes in 
the aspect of Chemical Science; and whilst they have greatly con- 
tributed to its existing interest and importance, they present a 
promising picture of its future resources. 

I have endeavoured, in this volume, to place before the reader 
a faithful outline of the present state of Chemistry, adapted chiefly 
for the instruction of the beginner, and for the use of the Student 
in this delightful branch of experimental Science: writing therefore 
for the uninitiated, and for the learner, much has been sacrificed to 
perspicuity, and to simplicity of detail. I must at the same time 
observe, that Chemistry is not what it was; that with whatever 
intention the pupil enters upon its study, it will require labour and 
thought to become usefully acquainted even with its elementary 
details; and that to reap advantages from its applications either to 
the purposes of the multitudinous Arts which are dependent upon 
it, or to the extension of the Sciences which are leagued with it, 
will perhaps demand more time and study than he is aware of. I 
believe that the depths of Chemistry are, with the aids which it 
now enjoys, more easily fathomed than those of most other branches 
of Physical Science, and am certain that it is admirably calculated 
to awaken and to gratify curiosity in regard to the phenomena 
both of Nature and of Art; but it is not now, as formerly, the bare 
history “of the effects of heat and mixture;” those who enter 
seriously upon its study must be prepared for some intellectual 
exertion and mental labour: they will then find that its connexion 
with other Sciences, with the arts of life, and the phenomena ‘ob 2 

nature, is such, as to render it at once useful and popular, and an 
essential in the range of a liberal education. 

But, though chiefly addressed to the Student, I am not without - 
hope that this Manual will be approved by the practical and expe- 
rimental Chemist, especially by the Teacher of the Science: to 
such | have endeavoured to recommend it by copious references 
to authorities, and by abstracts of practical directions. Should it 
in these respects prove a work of reference worthy of his occa- 
sional consultation, another object will be answered. 

In consequence of the popular applications of Chemistry, and 
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its extensive connexion with the useful and ornamental Arts, and 
with the Sciences at large, the general reader finds it often forced 
upon him; its terms are of frequent occurrence, and its language 
is in daily use: I have, therefore, added to this Work a copious 
Index, intended in some measure to supersede the use of a 
Chemical Dictionary. 

In conclusion, I have to observe that the note-books of my 
Lectures have served as a foundation of the present volume, and 
that these include a miscellaneous collection of original and bor- 
rowed information: although, therefore, I have endeavoured, as far 
as possible, to refer to authorities, and to cite the sources of my 
statements, I fear that I may often have unintentionally omitted 
such acknowledgments. The systematic and elementary works 
which I have principally consulted, are those of Dr. William Henry, 
Dr. Thomas Thomson, Dr. Edward Turner, Professor Daniell, 
and Professor Graham; and of Berzelius, Dumas, Gmelin, Mits- 
cherlich, Thenard, and Liebig; and the Dictionaries of Messrs. 
Aikin and Dr. Ure; together with the Transactions of the Royal 
Society, and the English and Foreign Journals: among the latter, 
‘the Annales de Chimie et Physique, and Poggendorff’s Journal, are 
especially rich in original Chemical information. 

In the preliminary remarks to the chapter on Simple Sub- 
stances, are explained the principles of the Notation and Symbols 
which I have found it convenient to adopt, and my reasons for 
deviating a little upon these points from the high and accepted 
authority of Berzelius. 

It must be the anxious wish of all who are conversant with 
our Science, that an uniform system of Symbols, Notation, and 
Equivalents, should be agreed upon and adhered to, and it is to 
be hoped that the British and Foreign Scientific Associations will 
seriously direct their exertions towards the attainment of so 
important an object. | 

‘The general method which I have adopted of representing the 
Atomic, Equivalent, and Percentage, composition of bodies, is 
that employed by Leopold Gmelin in his excellent Handbuch der 
Theoretischen Chemie; it saves repetition, and brings much inform- 
ation before the eye of the Student in a clear but condensed form; 
I insert the following statement of the composition of Nitrous 
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Oxide as an explanatory specimen of one of these tables, in its 


most general and extended form. 
a I. II. III. IV. Ne VI. VII. VIII. IX. Xi 

‘ AS E. Pr. Cent. Davy. Berzelius. Higgins. Vols. Sp.Gr. 100C.1. 
Nitrogen. . 1 . 14 . 636 . 633 . 625 . 60 . 10. 097 . 301 
Oxygen .. 1. 8 . 36-4 . 367 : 375 . 40. OO . 0°55 .. 17°05 


- ee ———- 
— 


Nitrous oxide 1 22 100°0 1000 1000 100 1:0 1:52 47°21 


The first column (I.) contains the component parts of nitrous 
oxide; (II.) shows that 1 atom of nitrous oxide is composed of 
1 atom of nitrogen and 1 of oxygen; (III.) shows the equivalent 
weight of an atom of nitrogen = 14 and an atom of oxygen = 8, 
producing an atom of nitrous oxide = 22; (IV.) shows the compo- 
sition per cent. calculated from the theoretical equivalents; (V.) 
(VI.) and (VII.) show the experimental results of the analyses of 
Davy, Berzelius, and Higgins, and enable us to compare them 
with the calculated or theoretical composition ; (VIII.) shows that 
1 volume of nitrogen and half a volume of oxygen, constitute 1 
volume of nitrous oxide; (IX.) shows that the specific gravity of 
nitrogen being 0°97 and half the specific gravity of oxygen being 
0°55, the specific gravity of nitrous oxide will be 0°97 + 0°55 = 
1°52; (X.) shows that the weight of 100 cubic inches of nitrogen 
being 30°16 grains, and of 50 cubic inches oxygen being 17°05 
grains, the weight of 100 cubic inches of nitrous oxide will be 
47°21 grains. 


— 


THE various chemical apparatus and implements of the laboratory which 
are mentioned or described in this Work, may be oblained of Mr. Newman, — 
122, Regent Street; of Mr. Palmer, Newgate Street; of Messrs. Watkins 


and Hill, Charing Cross; and at Messrs. Knights’, Foster Lane, Cheap- 
side, | 
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HISTORICAL SKETCH OF THE ORIGIN AND PROGRESS 


OF 


CHEMICAL PHILOSOPHY, 


§ I. 


Cuemistry is that branch of natural knowledge which teaches us the 
properties of the elementary substances, and of their mutual combinations: 
it inquires into the laws which affect, and into the powers which preside 
over their union; it examines the proportions in which they combine, 


and the modes of separating them when combined; and endeavours to 


_ apply such knowledge to the explication of natural phenomena, and to | 
useful purposes in the arts of life*. 

Chemistry cannot be said to have existed, as a science, previous to the 
commencement of the seventeenth century ; for although we find, in the 
writings of the earlier chemists, many curious and important facts and 
discoveries, these remained useless and unapplied, so long as the minds 
of men were exclusively directed to the transmutation of the metals, the 
composition of an universal elixir, and the production of the Alcahest, or 
_ general solvent. Although, therefore, it may often be amusing, and 
_ sometimes profitable, to revert to the crude speculations and waking 
dreams of the voluminous writers upon these subjects, who were eminent 
in the fourteenth and two successive centuries, the time of the student 
will be more usefully occupied in tracing the labours of those who, dis- 


carding visionary hypotheses, proceeded to the investigation of truth; 


* Definitions of Chemistry.—* La Chy- 
mie est un art qui enseigne 4 séparer les 
différentes substances qui se rencontrent 
_ dans un mixte.” L’Emery, Cours de 
. Chymie. 

+ Chemistry is that science which ex- 
-amines the constituent parts of bodies, 


_ with reference to their nature, propor- 


tions, and method of combination.” 
Bereman, Essay on the Usefulness of 
_ Chemistry. 

Chemistry is the study of the effects 
of heat and mixture, with a view of dis- 
_ covering their general and subordinate 
_ laws, and of improving the useful arts.” 


_ Buacx, Lectures. 


“‘La Chimie est une science qui ap- 
._ -prend & connaitre l’action intime et réci- 
‘proque de tous les corps de la nature, les 
uns sur les autres. Par les mots action 
 intime, et reciproque, cette science est 
‘distinguée de la physique expérimentale, 
qui ne considére que les propri¢tés ex- 
térieures des corps douds d’un volume, 


et d’une masse qu’on peut mesurer, tandis 
que la Chimie ne s’attache qu’aux pro- 
priétés intérieures, et n’agit que sur des 
molécules, dont le volume et la masse 
ne peuvent pas étre soumis aux mesures 
et aux calculs.” Fourcroy, Systéme des 
Connoissance Chimiques, vol. i., p. 4. 

‘Die Chemie ist eine Wissenchaft die 
uns die wechselseitige wirkungen der 
einfachern Stoffe in der Natur, die zu- 
sammensetzung der korper aus ihren und 
nach ihren verschiedenen verhiltnissen, 
und die Art und Weise kennen lehrt, 
sie zu trennen, oder sie wieder zu neuen 
Kérperarten zu verbinden.’ Gren. 
Systematisches handbuch der Chemie, p. 1. 
Halle, 1794. 

“Chemistry is that science which treats 
of those events or changes in natural 
bodies, which are not accompanied by 
sensible motions.” THomson, System o 
Chemistry, 5th edition, p. 2. 

“Most of the substances belonging to 
our. globe are constantly undergoing 


B 
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and who were led on, not by the vague elimmering of speculative notions, 
put by the steady daylight of real philosophy*. ef bee 

It is, I think, among our own countrymen that we discover the fathers 
of chemical philosophy : for Bacon, Boyze, Tooxe, Mayow, and Newron, 
present unequivocal claims to that distinctive title. As induction from 


experiment, is exclusively the hasis of chemical seience, little progress - 


could be made in it till the futility of the ancient philosophical systems 
had been shown, and their influence annihilated; till the true end of 
science was rightly defined, fand the road to it rendered straight and 
passable; till the necessity of well-digested experiment had been esta- 
plished, which “first procures the light, then shows the way by its 


means.” 


It may seem trite to quote Lord Bacon; but, as experience is con- 
stantly showing the neglect of the invaluable doctrines inculcated in his 


alterations in sensible qualities, and one 
variety of matter becomes, as it were, 
transmuted into another. Such changes, 
whether natural or artificial, whether 
slowly or rapidly performed, are called 
chemical; thus the gradual and almost 
imperceptible decay of the leaves and 
branches of a fallen tree exposed to the 
atmosphere, and the rapid combustion 
of wood in our fires, are both chemical 
operations. 

“ The object of chemical philosophy is 
to ascertain the causes of all phenomena 
of this kind, and to discover the laws by 
which they are governed.” Davy, Ele- 
ments of Chemical Philosophy, p. 1. 

In the latest editions of Johnson’s 
Dictionary, the erroneous and antiquated 
definition of Boerhaave is very impro- 
perly retained. ‘An art whereby sen- 
sible bodies, contained in vessels, or 
- eapable of being contained therein, are 
so changed by means of certain instru- 
ments, and principally fire, that their 
several powers and virtues are thereby 
discovered, with a view to philosophy or 
medicine.” 

- The derivation of the word Chemistry 
can scarcely be said to have been Ascer- 
tained. The most plausible guesses are 
the following: from xv, to melt, or 
xvpos, juice; from kema, an oriental 
word signifying black; from Xuyns, the 
name of a person eminently skilled in 
the sciences ; from Chémi, the Coptic 
name of Egypt, where the art is supposed 
to have had its rise. 

: According to Bryant (Ancient Mythol.), 
it is derived from chemia, and that word 
from Cham. 

The Rev. Mr. Palmer, Professor of 
Arabic at Cambridge, has given the 


following etymology: Al-ehemy, or 


more properly Al-kemy, the knowledge — 


of the substance er composition of bedies, 
so named from the substantive (Kya- 
mon), that is the substance or constitu- 
tion of anything ; from the root (Kama.) 
Golius. Lexicon”? THomson’s Chemis- 
try, Sth edit.,-p. 4, Note. 

Conversing upon this subject with my 
late friend, Dr. Thomas Young, he re- 
marked, that the Egyptians probably 
neither knew nor cared much about the 
composition of bodies; and that the term 
Chemistry, as referring to the secret art 
of transmutation, was probably derived 
from the Coptic root hhems or chems, 
signifying obscure, dark. The German 
word geheim, secret, he said, was perhaps 
of the same root. 

“ Heec ars varia accepit nomina, nam 
omnium primd dicta fuit réyvn motnrtky, 
et antiquis illis temporibus per hane 
vocem significabant artem vilia metalla 
in aurum convertendi, et ejus artifiees 
moinrai vocari Zozimus dicit. Veteres 
fEgyptios hance artem Chimoet voeasse 
Josephus Scaliger ibi ostendit, sed postea 


Greeci hanc artem ypucoroumow dixerunt, 


Arabibus vero, Alchemia.” BorRHAAVE, 
Institutiones Chemie. 

* “Tout ce quwona dit de Vantique 
origine de la Chimie, sur les premiers 
hommes qui ont travaillé les metaux, 
taillé et poli les pierres dures, fondu les 
sables, dissous et crystallisé les sels, ne 
montre a un esprit exact et sévére qu’une 
vaine et ridicule prétension, semblable 
& cette par laquelle on voudrait recon- 
noitre les élémens de la géométrie dans 
Pouvrage grossier du sauvage qui use les 
fragmens du rocher, qui leur donne des 
formes & peu prés réguliéres pour les 
rendre utiles 4 ses premiers besoins.” 
Fourcroy, Discours Préliminaire. , 
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works, and as students, especially, are too apt to throw off the burden and 


responsibility of thinking for themselves, by adopting the notions of 


_ others, without duly weighing their merit or appreciating their correctness, 


and often only because they are new, I shall call their attention to one 
of the many relevant passages of this author:— 

“He who would come duly prepared, and fitted to the business of 
interpretation, must neither bea follower of novelty, custom, nor antiquity ; 
nor indulge himself in a liberty of contradicting; nor servilely follow 
authority. He must neither be hasty in affirming, nor loose and sceptical 
in doubting ; but raise up particulars to the places assigned them by their 
degree of evidence and proof. His hope must encourage him to labour, 
and not to rest; he must not judge of things by their uncommon nature, 
their difficulty, or their high character; but by their just weight and 
use. He must, in his own particular, earry on his view with concealment, 
and yet have a due regard for posterity. He must prudently observe the 
first entrance of errors into truths, and of truths into errors, without 
despising or admiring anything. He must understand his own talents 
and abilities, or the advantages of his own nature. He must comply with 
the nature of others. He must, as with one eye, survey the natures of 
things, and have the other turned towards human uses. He must 
distinctly understand the mixed nature of words, which is extremely 
-eapable both of prejudicing and assisting. He must lay it down to 
himself, that the art of discovering will grow. up, and improve, along 
with discoveries themselves. Ife must not be vain either in delivering 
or céneealing the knowledge he has acquired, but ingenuous and prudent, 
‘and communicate his inventions without pride or ill-nature: and this in 
a strong and lively manner, well defended against the injuries of time, 


and fit for the propagation of knowledge, without occasioning errors; and, 


which is the principal thing of all, it must be such as may select and 
choose for itself a prepared and suitable reader*.” 

The following observations, from the same source, bring us back to 
our subject :— 

“And again; if any one should condescend to regard such things as 
are accounted rather curious than useful, and take a thorough view of 
the works of the alchymists, or the followers of natural magic, he might, 
perhaps, be at a difficulty which he should withhold, his tears, or his 
laughter. For the alchymist goes on with an eternal hope ; and where 
his matters succeed not, lays the blame upon his own errors; and accuses 


himself as not having sufficiently understood either the terms of ‘his art, 


or his author: whence he either hearkens out for traditions and auricular 
whispers, or else fancies he made some mistake as to the exact quantity 
of the ingredients, or nicety of the experiment; and thus repeats the 
operation without end. And if, in the mean time, among all the chances 
of experiments, he throws any which’ appear either new or useful, he 
feeds his mind with these as so many earnests; boasts and extols them 
above measure ; and conceives great hopes of what i is behind. It must, 
indeed, be allowed that the alchymists have made many discoveries, and 
_ obliged mankind with useful inventions; but they are well represented 
in that fable of the old man, who left an estate to his children, buried 


* Prefatory Aphorisms of the Novum Organum Scientiarum, No. XI, 
B 2 
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somewhere or other, he told them, in his vineyard; which they, therefore, 


fell to dig for with great diligence ; whereby, though they found no gold 
in substance, yet they received a better vintage for their labour. 

“But such as apply to natural magic, and explain everything by 
sympathies and antipathies, have, by supine and indolent conjectures, 
placed strange virtues and operations in things; and if, at any time, they 
have produced works, they are rather suited to admiration and strangeness, 
than to fruit and advantage*.” 

It is my intention, in this introductory chapter, after a brief allusion 
to the style and views of the alchemical writers, to notice the principal 
researches of the chemists of the fifteenth and two following centuries ; 
and thus to give an historical sketch of the science, from its early days, 
to the commencement of the present age. 

In reference to the ends and objects of chemical science, under its 
present aspect, I cannot do better than quote our modern Bacon, from 
whose Discourse on the Study of Natural Philosophy, I shall be 
content with the following extract, earnestly advising all students steadily 
to peruse and consider that excellent and sensible essay:— . 

“The laws,” says Sir F. W. Herscuet, “‘ which concern the intimate 
constitution of bodies, not as respects their structure or the manner in 


which their parts are put together, but as regards their materials or the — 


ingredients of which those parts are composed, form the objects of 
chemistry. A solid body may be regarded as a fabric, more or less regu- 
larly and artificially constructed, in which the materials and the work- 
manship may be separately considered, and in which, though the latter 
be ruined and confounded by violence, the former remain unchanged in 


their nature, though differently arranged. In liquid or aérial bodies, too,. 


though there prevails a less degree of difference in point of structure, and 
a greater facility of dispersion and dissipation, than in solids, yet an 
equal diversity of materials subsists, giving to them properties differing 
extremely from each other. 

s The inherent activity of matter is proved not only by the production 
of motion by the mutual attractions and repulsions of distant or con- 


tiguous masses, but by the changes and apparent transformations which © 


different substances undergo in their sensible qualities by mere mixture. 
If water be added to water, or salt to salt, the effect. is an increase of 
- quantity, but no change of quality. In this case, the mutual action of 

the particles is entirely mechanical. Again, if a blue powder and a 


yellow one, each perfectly dry, be mixed and well shaken together, a 


green powder will be produced: but this is a mere effect arising in the 
eye from the intimate mixture of the yellow and blue light. separately 
and independently reflected from the minute particles of each; and the 
eae is had. by examining the mixture with a microscope, when the 
re es and blue. grains will be seen separate and each quite unaltered. 
v: “ee one ment be tried with coloured liquids, which are susceptible 
aoe fe a out chemical action, a compound colour -is likewise -pro- 
Pe oan 2 ae Wee magnifiers is in that case sufficient to 
plage nen § nts; the reason obviously being, the excessive minute- 

| "he parts, and their perfect intermixture, produced by agitating 


Novum Organum, Section V. 
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two liquids together. From the mixture of two powders, extreme 
patience would enable any one, by picking out with a magnifier grain 
after grain, to separate the ingredients. But when liquids are mixed, no | 
mechanical separation is any longer practicable; the particles are so 
minute as to elude all search. Yet this does not hinder us from regarding 
such a compound as still a mere mixture, and its properties are accordingly - 
intermediate between those of the liquids mixed. But this is far from 
being the case with all liquids. . When a solution of potash, for example, 
and another of tartaric acid, each perfectly liquid, are mixed together in 
proper proportions, a great quantity of solid saline substance falls to the 
bottom of the containing vessel, which is quite different from either 
potash or. tartaric acid, and the liquid from which it subsided offers no 
indications by its taste or other sensible qualities of the ingredients 


- mixed, but of something totally different from either. It is evident that 


this is a phenomenon widely different from that of mere mixture; there 
has taken place a great and radical change in the intimate nature of the 
ingredients, by which a new substance is produced which had no existence 
before. And it has been produced by the union of the ingredients pre- 
sented to each other; for when examined it is found that nothing has been 
lost, the weight of the whole mixture being the sum of the weights 
mixed. Yet the potash and tartaric acid have disappeared entirely, and 
the weight of the new product is found to be exactly equal to that of the 
tartaric acid and potash employed, taken together, abating a small portion 
held in solution in the liquid, which may be obtained, however, by evapo- 
ration. . They have therefore combined, and adhere to one another with 
a cohesive force sufficient to form a solid out of a liquid; a force which 
has thus been called into action by merely presenting them to each other 
in a state of solution. 

“Tt is the business of chemistry to investigate these and similar changes, 
or the reverse of, such changes, where a single substance is resolved into 
two or more others, having different properties from it, and from each 
other, and to inquire into all the circumstances which can influence them ; 
and either determine, modify, or suspend their accomplishment, whether 
such influence be exercised by heat or cold, by time and rest, or by agita- 
tion or pressure, or by any of those agents of which we have acquired a 
knowledge, such as electricity, light, magnetism, &c,” 


§ IL. 


Tue transmutation of baser metals into gold and silver, which was the 


chief, and, in most cases, the only object of the genuine alchemists, was 


not merely regarded as possible, but believed to have been performed, by 


some of the more enlightened chemists of the seventeenth century; and 


in perusing the history of these transmutations, as recorded by Hetverius, 
Borruaave, Borie, and other sober-minded men, it would be difficult 
to resist the evidence adduced, without the aids of modern science. 
Lord Bacon’s sound sense has been arraigned for his belief in alchemy, 
though he, in fact, rather urges the possibility than the probability of 
transmutation; and, considering the infant state of the experimental 
sciences, and of chemistry in particular, in his age, and the plausible 
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exterior of the phenomena that the chemists were able to produce, he 18 
rather to be considered as sceptical than credulous, upon many of the 
points which he discusses. : a 

Hermes Trismecistus, who is said to have lived in the year of the 
world 2076, has generally been quoted as the oldest of the alchemists ; 
there can, however, be very little doubt that the writings attributed to 
him are entirely spurious. The Tractatus Aureus, or Golden Work, is 
evidently a farrago of occult philosophy belonging to a much later period. 
Hurmes, at the outset, is made to apologize for divulging the secrets of 
the black art. “I should never have revealed them,” says he, “had not 
the fear of eternal judgment, or the hazard of the perdition of my soul, 
prevailed with me, for such a concealment. Itisa debt I am willing to 
pay to the just, even as the Father of the just liberally bestowed it 
upon me.” After this prelude, we might expect to be let into some of 
the mysteries of alchemy, but our curidsity is quickly disappointed, by 
finding that they are only revealed to the eyes and ears of the sons of 
art; “‘not to the profane, the unworthy, and the scoffers, who, being as 
greedy dogs, wolves, and foxes, are not to feed at our divine repast.”. The 
reader is then conducted into what is termed the znnermost chamber, and 
regaled with a history and explanation of various matters relating to the 
philosopher’s stone, by means of which, “through the permission of the 
Omnipotent, the greatest disease is cured, and sorrow, distress, evil, and 
every hurtful thing evaded; by help of which we pass from darkness to 
light, from a desert and wilderness to a habitation and home, and from 
straitness and necessities to a large and ample estate.” We are then 
directed to “catch the flying bird,” by which is meant quicksilver; “and 
drown it so that it may fly no more;” this is what is afterwards termed 
the fixation of mercury, by uniting it to gold. It is then to be plunged 
into the “well of the philosophers,” or aqua regia, “ by which its soul 
will be dissipated, and its corporeal particles united to the “red eagle,” or 
muriate of gold. 

GxEBER is another great name in the history of alchemy*; the exact 
period at which he lived is unknown, but it was probably not later than 
the seventh century. Whatever may be the date or the authenticity 
ascribed to the works hearing the name of Grsmr, they are among the 
oldest chemical treatises in existence, and merely as such deserve the 
perusal of the historian. His three books of alchemy were published at 
Strasburgh, in 1520, and, if genuine, contain matter that justifies the 
praise of Borruaave, who considers him as a first-rate philosopher of his 
age. In his chapter On the Alchemie of Sol, after descanting upon the 
different means of refining and dissolving gold, he describes several solar 


* “Primus omninm Arabum post} Geber was also a physician and astro- 
Groecos est Geber, cui dant titulum Ara- | nomer. The following are the principal 
Bis. An dicunt eum fuisse regem, unde | works on chemistry which have been 
rex Geber Arabs, dici solet ; sed Leo Afri- | attributed to him: De dAlchemia,—De 
canus, qui Greecus fuit et multa descripsit | summa Perfectione Metallorum,—De La- 
ex antiquis Arabibus, dicit Gebrumillum | pide Philosophico,—De inveniendi. Arte 
natione Gracus fuisse, sed derogasse | Awri ef Argenti. These, and some other 
suam religionem, et se dedisse Maho- | works bearing his name, whether ge- 
mede religioni Arabum, et vixisse sep- | nuine or not, furnish good specimens of 
timo seculo,” BoERHAAVE. . | the early alchemical writings. = 
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medicines in language which is tolerably intelligible; they are all solu- 
tions of gold in nitro-muriatic acid, with the addition of quicksilver, 
nitre, common salt, and some other saline matters. ‘The student is 
directed to prepare his mind for,his pursuits by suitable acts of piety and 
charity, which, if earnestly and perseveringly carried on, may, after due 


time, enable him, “to change argent vive into an infinite solific and 


lunific, without the help’ of anything more than its multiplication.” 


 Alembics, crucibles, and various furnaces are so fully described, and, if 


we may believe the MSS.; depicted by Grpur, that he deserves to be 
mentioned also as the inventor of much useful apparatus. Some have 
asserted his pretensions to the possession of the universal medicine, for 
he speaks of curing disease ; but this seems a mere metaphorical expres- 
sion, relating to transmutation. ‘‘ Bring me,” says he; “the six lepers, 
that I may cleanse them ;” by which he probably would imply the con- 


version of silver, mercury, coppet, iron, tin, and lead, into gold; these 


seven metals only having been known at that period. Dr. Johnson sup- 
poses that the word Gibberish, anciently written Geberish, was originally 
applied to the language of Geber and his tribe. 

Anrepuius, in 1130, published several alchemical tracts: we are told _ 


_ by Roger Bacon and others, that he died at the age of 1025, having 


prolonged his life by the miraculous virtues of his medicines; but. his 


name, and that of Joun pz Rupescissa, are now deservedly forgotten. 


The alchemical annals of the thirteenth century are adorned by the 
name of Roakr Bacon, a native of Ilchester, in Somersetshire, and 
descended from an ancient and hotiourable family. In 1240, he returned 
from Paris, and became celebrated among the learned of the University 
of Oxford. At that time, however, the exposition of ignorance, and 
attempts to overthrow the dogmas of the schools, was a service of risk 
and danger; and to this Friar Bacon, for he was a monk of the Francis- 
can order, laid himself fully open: he was accused of practising witch- 
craft, thrown into prison, and nearly starved, for exposing the prevalent 


immorality of the clergy; and, according to some, stood a chance of being 


burned as a magician. 

I know of no work that strikes one with more surprise than the Opus 
Majus of Roger Bacon; he stands alone like a beacon upon a waste; he 
ig perspicuous and comprehensive; and full of anticipations of the advan- 
tages likély to be derived from the mode of investigation insisted upon 
by his great successor, \Chancellor Bacon. This resemblance between 
Roatr Bacon and his illustrious namesake has scarcely been noticed by 
the historians of his period; it has, however, not escaped Mr. Hatuam’s 
observation, who adverts to it in his History of the Middle Ages. Whe- 
ther Lord Bacon, he says, “ever read the Opus Majus, I know not; 


but it is singular, that his favourite quaint ‘expression, prerogalive. 


scientiarum, should be found in that work; and whoever reads the sixth 
part of the Opus Majus, upon experimental science; must be struck by 
it as the prototype iti spirit of the Novum Organuim. The same sanguine 
and sometimes rash confidence in the effect of physical discoveries; the 
same fondness for experiment; the same preference of inductive to ab- 
stract reasoning, pervade both works.” 7 | : 


go® 
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The alchemical work of Roger Bacon which has been most prized, ‘is ! 
the Mirror of Alchymy, but there is little either of interest or entertain- 
ment to be extracted from it*. 

Rocrr Bacon has by some been spoken of as a benefactor to man- 
kind, by others as an enemy to the human race, inasmuch as he is plau- 
sibly considered to have invented gunpowder, an invention by which the 
personal barbarity of warfare has certainly been diminished, ‘ but which, . 
considered as an instrument of human destruction, by far more powerful 
than any that skill had devised, or accident presented, before; acquiring, as — 
experience shows us, a more sanguinary dominion in every succeeding 
age, and borrowing all the progressive resources of science and civilization 
for the extermination of mankind, appals us,” says Mr. Hatuam, “at the 
future prospects of the species, and makes us feel, perhaps more than in 
any other instance, a difficulty in reconciling the mysterious dispensation — 
with the benevolent order of Providence.” : 

This discovery has sometimes been given to BarTHOLOMEW ScHWARTZ, 
a German monk, and the date of 1320 annexed to it, a date posterior to 
that which may be justly claimed for Friar Bacon. _ Upon the authority, 
however, of an Arabic writer in the Escurial collection, referred to by 
Mr. Hatuam, there seems little reason to doubt that gunpowder was — 
introduced, through the means of the Saracens, into Europe, before the © 
middle of the fifteenth century, though its use in engines of war was — 
probably more like that of fireworks than artillery. Many authorities 
might be adduced to prove the common use of gunpowder early in the - 
fourteenth century. Epwarp THE Tuirp employed artillery with memo- ~ 
rable effect at the battle of Cressy; and, in the fifteenth century, hand- ~ 
cannons and muskets came into use, and gunpowder was in common — 
employ. 

ALBERT OF CoLoGNE, surnamed Tut GREAT, was a contemporary of 
Rocer Bacon; he is celebrated as the inventor of the brazen head, which ~ 


* Gmelin has given the following list | 17. Tractatus Trium Verborum, 
of the chemical writings of Roger Bacon. | 18. Speculum Secretorum. 
The two first are given in Mangetus, 


1. Speculum Alchymize. + *‘From saltpetre and other ingredi- 
2. Epistola de Secretis Operibus Artis | ents,” says Roger Bacon, “we are able — 
et Naturze, et de Nullitate Magia. | to form a fire which will burn toany dis- 
3. De Mirabili Potestate Artis et Na-| tance.” And again, alluding to its ef- 
turee. fects, “a small portion of matter about 
4. Medulla Alchymiz. the size of the thumb, properly disposed, 
5. De Arte Chemiz. will make a tremendous sound and cor- 
6. Breviarium Alchymia. ruscation, by which cities and armies | 
: . Documenta Alchymiz. might be destroyed.” And again, in the 


. De Alchymistarum Artibus. same work, is a passage which, though 
9. De Secretis. 


: somewhat enigmatical, is supposed to 
10. De Rebus Metallicis. divulge the secret of this preparation. 
11. De Sculpturis Lapidum. “Sed tamen salis petrze, Juru mone cap 
12. De Philosephorum Lapide. _ | wbre, et sulphuris, et sic facies tonitrum 
13. Opus Majus, or Alchymia Major. si scias artificium.” The anagram is — 
14, Breviarium de Dono Dei. re ] 


‘ convertible into carbonum pulvere. Such 
15. Verbum Abbreviatum de Leone Vi-| are the claims of Roger Bacon to a dis- — 

| ridi. covery which soon changed the whole | 
16. Secretum Secretorum. art of war, 3$83 2 
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was demolished by the pious zeal of his pupil, the angelical Dr. Aquinas*, - 


in consequence of his suspecting it to bean agent of the devil. A Burtus © 


Maenus was what in our days is termed an universal genius. He is © 
chiefly celebrated as the commentator of AnistorLE; but, if we give | 
credit to contemporary writers, he was deeply skilled in all the higher ~ 
departments of alchemical philosophy. His works, which are very volu- 
minous, were published at Leyden, in 1651, by Peter Jammy. » They fill 
twenty-one folio volumes. Most of his alchemical tracts have been - 
inserted in the Theatrum Chemicum. : 

The names of Raymonp Luuiy of Majorca, and Arnotp of -Villa- 
novat, occur in this page of the history of chemical science. Their © 
merit, however, consists rather in’ the quantity than quality of their © 
writings. Luxuy died on his passage from Africa in 1315, whither he — 
had been to preach the truths of the Gospel; his body was carried to ' 
Majorea, where he was honoured as a martyr. Bruckur says, “he was 
more ingenious than honest.” His chemical opinions are scarcely worth 
quotation or abstract. He is said to have converted iron into gold in the 
presence of Eowarp THE First in London, which was coined into rose- 
nobles{. 

Arnotp shines as a magician and astrologer. He was a renowned 
prophet, and predicted that the world would come to an end in the year 
1376. He was shipwrecked on the coast of Genoa, in 1313. 

Isaac and Joun of Holland were also alchemical philosophers of this 
periodg. 

About the year 1560, a Treatise of Alchymy was published at Paris, 
attributed to Nicnonas Frammen. The work, however, is spurious, and 
was merely ascribed to him from his becoming suddenly, as it is said, 
very rich. The use he made of his wealth does his memory much credit: 
he founded hospitals, repaired churches, and endowed several charitable 
institutions; proceedings which by no means savour of alchemy. Dr. 
Satmon, who in 1692 published one of the above-mentioned tracts, says, 
“‘ FLAMMEL was originally a poor scrivener, yet left so great monuments 
behind him, as must convince the most incredulous that he knew the 
secret; and performed such mighty works at his own proper cost and 
charges, as the most opulent prince in Europe can never do the like. I 
know,” says he, “a gentleman who went to view those mighty buildings 


-and their records. The archives and governors of those places, he told 
me, own the matter of fact, but deny the means, saying, that FLAMMEL 


was a very pious man, and went a pilgrimage to St. James of Gallicia, 


* Thomas Aquinas wrote several 
works on alchemy. ‘So far as I have 
perused them,” says Dr. Thomson, “ they 
are exceedingly obscure, and in various 
places unintelligible. Some of the terms, 


in 1236, and Arnold of Villanova in Pro- 
vence, in 1235. 

+ Bereman, Histor. Chem. 

§ “Sequuntur nunc Johannes et 
Tsaacus Hollandus, pater et filius, qui 


still employed by modern chemists, occur 
for the first time in his writings. Thus 
the term amalgam, still employed to de- 


note a compound of mercury with ano- 


ther metal, occurs in them. I have not 


observed it in any earlier author.” 


++ Raymond Lully was born inMajorca, 


diffusissimo sermone et magna eloquentia 
scripserunt, et si unum vel alterum arca- 
num exceperis pulcherrima experimenta 
fecerunt de sanguine et urina humana, 
quae Helmontius postea et Boyleus pro 
recentioribus - inventis habuerunt.”— 
BoERHAAVE. Ra 
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for a reward of which piety the holy saint bestowed that vast treasure 
upon him by way of miracle; thereby denying the power of art by which — 
it was certainly effected, to establish a miracle performed by the Romish 
‘gaint.’ Ile was moreover celebrated for his hieroglyphics, of which fac- 
similes are given in SanMon’s edition. They are much of the same cast 
as those that now adorn Moorn’s Almanac, and quite as edifying. 

In Satmon’s collection we find the Marrow of Alchymy, by Guorce 
Rivtey, Chanon of Bridlington in Yorkshire, who was a chemist perhaps 
less deserving of the reputation he acquired than most of his compeers. 
He may be quoted as a chemical poet. His Compound of Alchemie, 
dedicated to Epwarp THE Fourtn, is rugged enough, but not unintelli- 
gible. The following stanzas from the preface of this piece, given in 
Asumoir’s Theatrum Chemicum Britannicum, will afford a fair idea of 
Rip.ey’s merits as a poet and philosopher :— 


But into Chapters thys Treatis I shall devyde, 

In number twelve, with dew recapytulatyon ; 
Superfluous rehearsalls I lay asyde, 

Tntendyng only to give trew informatyon, 

Both of the theoryke and practycall operatyon : 
That by my wrytyng who so wyll guyded be, 

Of hys intente perfyctly speed shall he. 

The fyrst chapter shall be of naturall Calcination; _ 
The second of Dyssolution, secret and phylosophycall ; 
The third of our elementall Separation ; 

The fourth of Conjunction matrimonial]; 

Lhe fyfth of Putrefaction then followe shall : 

Of Congelation Albyficative shall be the sixt, 

Then of Cybation, the seaventh shall follow next. 


The secret of our Sublymation the eyght shall show; 
The nynth shall be of Fermentatyon ; 
The tenth of our Fwaliation I trow. 
i The-elevent of our mervelose Multiplycatyon, 
The twelfth of Projection; then Reeapitulatyon, 
And so this treatise shall take an end; 
By the help of God, as I entend. 


Thus here the Tract of Alchemie doth end; 
Which tract was by George Ripley, Chanon, penn’d. 


It was composed, writt, and signed his owne, _ 

In anno twice seaven hundred seaventy-one. 
Reader, assist him, make it thy desire. 

That after lyfe he may have gentle fire !——Amrn. 


The degree of faith placed in alchemy was of course much shaken by 
the multiplied experiments which were undertaken during the seventeenth | 
century; in general, however, those who failed attributed their ill suécess 
to any rather than the real cause. Sanmon’s creed is that of most of his 
contemporaries. “As to the great and philosophic work,” says he, 
(meaning transmutation,) “it is my opinion and belief, that there is such 
a thing in nature. — I know the matter of fact to be true, though the way 
ine manner of doing it is as yet hid from me. I have been eye-witness _ 
of so Heh as is able to convince any man endued with rational faculties, ei3 
that there is a possibility of the transmutation of metals ; yet, for all these 
things, will not advise any man, ignorant of the power of fature and the 
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way of operation, to attempt the work, lest, erring in the foundation, he 
should suffer loss, and blame me. Without doubt it is a gift of God 
from above, and he that attains it must patiently wait the moving of the 
waters; when the destined angel moves the waters of the pool, then is the 
time to immerge the leprous metal, and cleanse it from all impurities.” 

Van Hewtmonr says, “I am constrained to believe in the making of 
gold and silver, though I know many exquisite chemists to have con- 
sumed their own and other men’s goods in search of this mystery; and to 
this day we see these worthy and simple labourers cunningly deluded by 
a diabolical crew of gold and silver sucking-flies and leeches. But I 
know that many will contradict this truth; one says it is the work of the 
devil, and another that the sauce is dearer than the meat.” 

Bereman, in summing up the evidence for and against the possibility 
and probability of transmutation, and founding his opinion upon the mul- 
titude of relations that have been handed down to us by different writers 
of apparent veracity, one or two of which I shall presently quote, observes 
that “although most of them are deceptive, and many uncertain, some 
bear such character and testimony, that, unless we reject all historical 
evidence, we must allow them entitled to confidence*.” 

For my own part, the perusal of the histories of transmutation appears 
to me to furnish solid ground for a diametrically opposite opinion. They 
are all of a most suspicious character; sometimes the fraud was open and 
intentional, seconded by juggling dexterity; at other times the performers 
deceived themselves: they purchased what was termed a powder of projec- 
tion, prepared by the adepts, containing a portion of gold; and when they 
threw it into the fire with mercury, and found that portion of gold re- 
maining in their crucible, they mistook its source. But the cases which 
are quoted as least exceptionable, are often exactly those which are really 
impossible; namely, where the weight of the powder of projection, and 
of the lead or other base metal taken conjointly, was exceeded by that of 
the gold produced. Such is Himrnes’ history of Payxut’s transmutation, 
who, with six drachms of lead and one of powder, produced an ingot 
that was coined into one hundred and forty-seven ducats; and many 
others. But the most celebrated history of transmutation is that given 
by Hetvertius, in his Brief of the Golden Calf; discovering the rarest 
Miracle in Nature, how by the smallest portion of the Philosopher's Stone 
a great Piece of Common Lead was totally transmuted into the purest 
transplendent Gold, at the Hague, in 1666; and, as it is a luminous 
epitome of all that has been done on this subject, I shall briefly abridge 
the proceedings :— 

“The 27th day of December, 1666, in the afternoon, came a stranger 
to my house at the Hague, in a plebeick habit, of honest gravity and 
serious authority, of a mean stature and a little long face, black hair not 
at all curled, a beardless chin, and about forty-four years (as I guess) of 
age, and born in North Holland. After salutation, he beseeched me with 
great reverence to pardon his rude accesses, for he was a lover of the 
Pyrotechnian art, and having read my treatise against the sympathetic 
powder of Sir Kenetw Diesy, and obsetved my doubt about the philoso- 
: phic mystery; induced him. to ask me if I really was a disbeliever as to 


* Opuscula, iv. 127. 
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the ‘existence of an universal medicine which would cure all diseases,- 


unless the principal parts were perished, or the predestinated time of. 
death come. I replied, I never met with an adept, or saw such a medi-- 


cine, though I had fervently prayed for it. Then I said, surely you are 
No, said he, I am a brass-founder, and a lover of | 


a learned physician. | 
chemistry. He then took from his bosom-pouch a neat ivory box, and 


out of it three ponderous lumps of stone, each about the bigness of a - 


walnut. I greedily saw and handled for a quarter of an hour this most 
noble substance, the value of which might be somewhere about twenty 


tons of gold; and having drawn from the owner many rare secrets of its - 


admirable effects, I returned him this treasure of treasures with a most 
sorrowful mind, humbly beseeching him to bestow a fragment of it upon 
me in perpetual memory of him, though but the size of a coriander seed. 


No, no, said he, that is not lawful, though thou wouldest give me as. - 


many golden ducats as would fill this room; for it would have particular 
consequences, and if fire could be burned of fire, I would at this instant 
rather cast it all into the fiercest flames. He then asked if I had a 
private chamber whose prospect was from the public street; so I pre- 
sently conducted him to my best furnished room backwards, which he 
entered,” says Henvetius, (in the true- spirit of Dutch cleanliness, ) 
“without wiping his shoes, which were full of snow and dirt. I now 
expected he would bestow some great secret upon me, but in vain. He 


asked for a piece of gold, and opening his doublet showed me five pieces — 


of that precious metal which he wore upon a green riband, and which 
very much excelled mine in flexibility and colour, each being the size of 
a small trencher. I now earnestly again craved a crumb of the stone, 
and, at last, out of his philosophical commiseration, he gave me a morsel 
as large as a rape-seed; but I said, this scanty portion will scarcely 
transmute four grains of lead. Then, said he, deliver it me back: which 
I did, in hopes of a greater parcel; but he, cutting off half with his nail, 
said, Even this is sufficient for thee. Sir, said I, with a dejected counte- 
nance, what means this? And he said, even that will transmute half an 
ounce of lead. So I gave him great thanks, and said I would try it, and 
reveal it to noone. He then took his leave, and said he would call again 


next morning at nine. I then confessed, that while the mass of his © 


medicine was in my hand the day before, I had secretly scraped off a bit 
_ with my nail, which I projected on lead, but it caused no transmutation, 


for the whole flew away in fumes. Friend, said he, thou art more » 


dexterous in committing theft than in applying medicine; hadst thou 


wrapt up thy stolen prey in yellow wax, it would have penetrated and | 


transmuted the lead into gold. Ithen asked if the philosophic work cost 


much or required long time, for philosophers say that nine or ten months - 
are required for it.. He answered, Their writings are only to be under- - 


stood by the adepts, without whom no student can prepare this magistery. 


Fling not away, therefore, thy money and goods in hunting out this art, — 
for thou shalt never find it. To which I replied, As thy master showed — 
it thee, so mayest thou perchance discover something thereof to me, who — 


know the rudiments, and therefore it may be easier to add to a founda- 
tion than begin anew. In this art, said he, it is quite otherwise; for 
unless thou knowest the thing from head to heel, thou canst not break 
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open the glassy seal of Hermes. But enough; to-morrow, at the ninth 
hour, I will show thee the manner of projection. But Ex1as never came 
again; so my wife, who was curious in the art whereof the worthy man 


had discoursed, teazed me to make the experiment with the little spark 


of bounty the bist had left me; so I melted half an ounce of lead, upon 


- which my wife put in the said medicine; it hissed and bubbled, and in a 
- quarter.of an hour the mass of lead was transmuted into fine gold, at 
_which we were exceedingly amazed. I took it to the goldsmith, who 


judged it most excellent, and willingly offered fifty florins for each 
ounce.” Such is the celebrated history of Ex1as tue Arrist and Dr. 


_ HELveETtIvs. 


Sir Kenrim Dicgpy, whose name is mentioned in this narrative, was 


-arenowned dabbler in the mysterious art. Under the date of seventh 


November, 1651, in Evetyn’s Diary*, ‘He gave me,” says Mr. Evrtyn, 
“a certain powder, with which he affirmed that he had fixed mercury 
before the late king. He advised me to try and digest a little better, 
and gave me a water which he said was only rain water, of the autumnal 
equinox, exceedingly rectified and very volatile: it had a taste of strong 
vitriolic, and smelt like aquafortis. He intended it for a dissolvent of 
ealx of gold; but the truth is, Sir KeneLm was an arrant mountebank.” 
The following is another history of transmutation, given by Mangetus 
(Preface to the Bibliotheca Chemica Curiosa), on the authority of M. 


_ Gros, a clergyman of Geneva, “ of the most unexceptionable character, 


and at the same time a skilful physician and expert chemist.” 

‘About the year 1650 an unknown Italian came to Geneva, and took 
lodgings at the sign of the Green Cross. After remaining there a day 
or two, he requested De Luc, the landlord, to procure him a man ac- 
quainted with Italian, to accompany him through the town and point out 


those things which deseryed to be examined. De Luc was acquainted 


with M. Gros, at that time about twenty years of age, and a student in 


Geneva, and knowing his proficiency in the Italian language, requested 
him to accompany the stranger. To this proposition he willingly acceded, 
and attended the Italian everywhere for the space of a fortnight. The 


stranger now began to complain of want of money, which alarmed M. 


Gros not a little, for. at that time he was very poor, and he became 


apprehensive, from the tenour of the stranger’s conversation, that he 
intended to ask the loan of money from him. But instead of this, the 


Italian asked him if he was acquainted with any goldsmith, whose bellows 
and other utensils they might be permitted to use, and who would not 


refuse to supply them with the different articles requisite for a particular 


process which he wanted to perform. M. Gros named a M. Bureau, to 


whom the Italian immediately repaired. He readily furnished crucibles, 


-pure tin, quicksilver, and the other things required by the Italian. The 
goldsmith left his. workshop, that the Italian might be under the less 
__ restraint, leaving M. Gros, with one of his own workmen, as an attendant. 
The Italian put a quantity of tin into one crucible, ud a quantity of 


quicksilver into another. The tin was melted in the fire, and the mercury 
heated. It was then poured into the melted tin, and at the same time a 
red powder enclosed 1 in wax was projected into the amalgam. An agita- 


* Bray’s Memoirs of John Evelyn. 
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tion took place, and a great deal of smoke was exhaled from the crucible; 


put this speedily subsided, and the whole being poured out, formed six 
heavy ingots, having the colour of gold. The goldsmith was called ves by 
the Italian, and requested to make a rigid examination of the smallest of 
these ingots. The goldsmith not content with the touchstone and the 
application of aquafortis, exposed the metal on the cupel with lead, and 
fused it with antimony, but it sustained no loss. He found it possessed 
of the ductility and specific gravity of gold; and full of admiration, he 
exclaimed that he had never worked before upon gold so perfectly pure. 
The Italian made him a present of the smallest ingot as a recompense, 
and then, accompanied by M. Gros, he repaired to the Mint, where he 
received from M. Bacuet, the mint-master, a quantity of Spanish gold 
coin, equal in weight to the ingots which he had brought. To M. Gros 
he made a present of twenty pieces, on account of the attention that he 
had paid to him; and, after paying his bill at the inn, he added fifteen 
pieces more, to serve to entertain M. Gros and M. Bureau for some days, 
and in the mean time he ordered a supper, that he might, on his return, 
have the pleasure of supping with these two gentlemen. He went out, 
but never returned, leaving behind him the greatest regret and admira- 
tion. It is needless to add, that M. Gros and M. Bureau continued to 
enjoy themselves at the inn till the fifteen pieces, which the stranger had 
left, were exhausted.” 

_ Many of the alchemists have given in detail the processes for the 
preparation of the Philosopher’s Stone; but they are all unsatisfactory, 
and many of them unintelligible*. The following, which is one of the 
plainest, is offered as a sample of the general tenour of their proceedings; 
it is the formula of Carolus Musitanust. 

“1. Prepare a quantity of spirit of wine, so free from water that it is 
wholly combustible, and so volatile that when a drop of it is let fall it eva- 
porates before it reaches the ground; this constitutes the first menstruum. 

“2. Take pure mercury, revived in the usual manner from cinnabar ; 
put it into a glass vessel with common salt and distilled vinegar; agitate 
violently, and when the vinegar acquires a black colour, pour it off and 
add new vinegar; agitate again, and continue these repeated agitations 
and additions till the vinegar ceases to acquire a black colour from the 
mercury: the mercury is now quite pure and very brilliant. | 

“3. Take of this mercury four parts; of sublimed mercury{ (mercurii 
meteorisati), prepared with your own hands, eight parts; triturate them 
together in a wooden mortar with a wooden pestle, till all the grains of 
running mercury disappear. This process is tedious and rather difficult. | 

“4, The mixture thus prepared is to be put into an aludel, or a sand- 
hath, and exposed to a subliming heat, which is to be gradually raised 
till the whole sublimes. Collect the sublimed matter, put it again into ~ 
the aludel, and sublime a second time ; this process must he repeated a 
five times. Thus a very sweet and. crystallized sublimate is obtained: it 
constitutes the salt of wise men (sal sapientum), and possesses wonderful 
properties §. | | 


*See Sraut’s Fundamenta Chemie, 
and JUNKER’s Conspectus Chemie. 
+ MancEti Bibliotheca Chemica. 


+ Probably corrosive sublimate.' 
§ Probably calomel, 
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* 5. Grind it in a wooden mortar, and reduce it to powder; put it 
into a glass retort, and pour upon it the spirit of wine (No. 1) till it 
stands about three finger-breadths above the powder; seal the retort 
hermetically, and expose it to a very gentle heat for seventy-four hours, 
shaking it several times a-day; then distil with a gentle heat and the 
spirit of wine will pass over, together with spirit of mercury. Keep this 
liquid in a well-stopped bottle, lest it should evaporate. More spirit of 

wine is to be poured upon the residual salt, and after digestion it must be 
distilled off as before; and this process must be repeated till the whole 
salt is dissolved, and distilled over with the spirit of wine. You have 
now pérformed a great work. The mercury is now rendered in some 
measure volatile, and it will gradually become fit to receive the tincture 
of gold and silver. Now return thanks to God, who has hitherto crowned 
your wonderful work with success; nor is this great work involved in 
Cimmerian darkness, but clearer than the sun; though preceding 
writers have imposed upon us with parables hieroglyphics, fables, and 
enigmas. 

“6. Take this mercurial spirit, which contains our magical steel in 
its belly, put it into a glass retort, to which a receiver must be well and 
earefully luted: draw off the spirit by a very gentle heat, there will 
remain in the bottom of the retort the quintessence or soul of mercury; 
this is to be sublimed by applying a stronger heat to the retort that it 
may become volatile, as all the philosophers express themselves, 


Si fixum solvas faciesque volare solutum, 
Et volucrum figas faciet te vivere tutum. ' 


This is our luna, our fountain, in which the king and queen may bathe. 
Preserve this precious quintessence of mercury, which is very volatile, in 
a well-shut vessel for further use. 

“7, Let us now proceed to the operation of common 1 gold, which we 
shall communicate clearly and distinctly, without digression or obscu- 
rity; that from vulgar gold we may obtain our philosophical gold, just as 
from common mercury we obtained, by the preceding processes, philoso-~ 
phical mercury. 

Jn the name of God, then, take common gold, purified in the usual 
way by antimony, convert it into small grains, which must be washed. 
with salt and vinegar, till it be quite pure. Take one part of this gold, 
and pour onit three parts of the quintessence of mercury; as philosophers 
reckon from seyen to ten, so we also reckon our number as philosophical, 
and we begin with three and one; let them be married together like 
husband and wife, to produce children of their own kind, and you will 
see the common gold sink and plainly dissolve. Now the marriage is 
consummated; now two things are converted into one: thus the philoso- 
phical sulphur is at hand, as the philosophers say, the sulphur being dis- 
solved, the stone is at hand. Take then, in the name of God, our philoso- 
phical vessel, in which the king and queen embrace each other as in a 
bedchamber, and leave it till the water is converted into earth, then 
peace is concluded between the water and fire, then the elements have 
no longer-anything contrary to each other; because, when the elements 
are conyerted into earth they no longer oppose each other; for in earth 
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all elements are at rest. For the philosophers say, ‘When you shall — 

have seen the water coagulate itself, think that your knowledge is true, 
and that your operations are truly philosophical.’ . The gold is now no 

_ longer common, but ours is philosophical, on account of our processes: — 
at first exceedingly fixed, then exceedingly volatile, and finally exceed- 
_ ingly fixed; and the whole. science depends. upon the change of the 
elements. The gold at first was a metal, now itis a sulphur, capable of 
- converting all metals into its own sulphur. Now our tincture is wholly 
- converted into sulphur, which possesses the energy of curing all diseases : 
- this ig our universal medicine against all the most deplorable diseases. of 
_ the human body; therefore, return infinite thanks to Almighty God for 
all the good things which he has bestowed upon us. ie 

“In this great work of ours, two modes of fermenting and pro- 
jecting are wanting, without which the uninitiated will not easily follow 
our process. The mode of fermenting is as follows:—Take of our sulphur 
above described one part, and project it upon three parts of very pure 
gold fused in a furnace; in a moment you will see the gold, by the force 
_ of the sulphur, converted into a red sulphur of an inferior quality to the 
first sulphur: take one part of this, and project it upon three parts of 
fused gold, the whole will be again converted into a sulphur, or a friable 
mass; mixing one part of this with three parts of gold, you will have a 
- malleable and extensible metal. If you find it so, well; if not, add 
other sulphur, and it will again pass into sulphur. Now the sulphur will 
be sufficiently fermented, or our medicine will be brought into a metatiic 
nature. | 

“The mode of projecting is this: —Take of the fermented sulphur one 
part, and project it upon ten parts of mercury, heated in a crucible, and 
you will have a perfect metal; if its colour is not sufficiently deep, fuse 
it again, and add more fermented sulphur, and thus it will acquire colour. 
If it becomes frangible, add a sufficient quantity of mereury and it will 
be perfect. 

“Thus, friend, you have a description of the universal medicine, not 
only for curing diseases and prolonging life, but also for transmuting all 
metals into gold. Give therefore thanks to Almighty God, who, taking 
pity on human calamities, has at last revealed this inestimable treasure, 
and made it known for the common benefit of all.” pf 

Nearly all the alchemists attributed the power of prolonging life, 
either to the philosopher’s stone, or to certain preparations of gold, 
imagining possibly that the permanence of that metal might be trans- 
ferred to the human system. The celebrated Drscarrss is said to have 
supported such opinions; he told Sir Krnetm Diesy, that although he 
would not venture to promise immortality, he was certain that life might 
be lengthened to the period of that of the Patriarchs. His plan, however, 
seems to have heen the very rational one of limiting all excess of diet, 
and enjoining punctual and frugal meals*. 

The history of alchemy has been greatly enriched by the labours of 
the celebrated Et1as Asumoie, who in. 1652 published his Theatrum 
Chemicum Britannicum, containing several Poeticall Pieces of our famous 


- * See Life of Descartes, Cuanmurs’s Biographical Dictionary. 
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English Philosophers, who have written the Hermetique Mysteries in 

their owne ancient Language. an 
_ The most remarkable piece in this collection is the Ordinall of 
Alchimy, by Tuomas Nortoy, illustrated by several curious cuts. It 
treats, in separate chapters, of the objects of the occult science; of the 
difficulties of attaining them; of the different methods of pursuing them; 
of the characters of the elements; and of the five concords, of which the 
first is Patience, the second Assistance, the third Instruments, the fourth 
Situation, and the fifth Planetary Influence. It is difficult to select from 
this production any specimen capable of conveying an idea of its merits, 
that can come within the limits of a quotation. Perhaps the following 
lines, picked out of the seventh chapter, touching “the Regiment of 
Piers,” may serve to convey some idea of the author's talents in the 
double capacity of poet and philosopher :— 
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In many authors written you may see, 
Totum consistit in ignis regimine ; - 
Wherefore in all things so proceed, 
That heat work no more no less than it need ; 
Wherein many of Geber’s cooks 
Deceived were, though they be wise in books. 
Such heate wherewith a pig or goose is scalded 
In this arte Decoction it is called ; 
Such heate as dryeth lawne karchiefs fair, 
In thirty operations serveth for our ayre! 
© But for divisions you must use such heate, 
As cook’s make when they roaste raw meate. 
Ignis humidus another fier alsoe 
Is, and yet seemeth oppositum in adjecto: 
Another fier is fier of desication, 
For matters which be imbibed with humectation. 
_Ignis corrodens serveth in this arte, 
Elementa propinqua wisely to depart. 
By one point of excess all your work is shent, 
And one point: too little is insufficient ; 
‘Who can be sure to find its true degree, 
Magister magnus in igne shall he be. 
All that hath pleasure in this booke to reade, 
Pray for my soule, and all both quick and deade. 
In this year of Christ 1477, 
This work was began, honour to God in heaven. 


In later times we have had two or three believers in transmutation. 
In the year 1782, Dr. Price of Guildford, by means of a white and red 
powder, professed to convert mercury into silver and gold, and is said to 
have convinced many disbelievers of the possibility of such change; his 
experiments were to have been repeated before an adequate tribunal, but 
he put a period to his existence by swallowing laurel-water. 

Another true believer in the mysteries of this art was Peter Woutre, 
of whom it is to be regretted that no biographical memoir has been pre-_ 
served. I have picked up a few anecdotes respecting him from two or 

three friends who were his acquaintance. He occupied chambers in 

Barnard’s Inn, while residing in London, and usually spent the summer 

in Paris. His rooms, which were extensive, were so filled with furnaces 

and apparatus that it was difficult to reach his fire-side. Dr. Babington told 

me, that he once put down his hat, and never could find it again, such was 
, c 
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the confusion of boxes, packages, and parcels, that lay about the chamber. 
His breakfast hour was four in the morning; a few of his select friends 
were occasionally invited to this repast, to whom a secret signal was given 
by which they gained entrance, knocking a certain number of times at 
the inner door of his apartment. He had long vainly searched for the 
elixir, and attributed his repeated failures to the want of due preparation 
by pious and charitable acts. I understand that some of his apparatus is 
still extant, upon which are supplications for success, and for the welfare 
of the adepts. Whenever he wished to break an acquaintance, or felt 
himself offended, he resented the supposed injury by sending a present to 
the offender, and never seeing him afterwards. These presents were 
sometimes of a curious description, and consisted usually of some expen- 
sive chemical product or preparation. He had an heroic remedy for 
illness: when he felt himself seriously indisposed, he took a place in the 
Edinburgh mail, and, having reached that city, immediately came back 
in the returning coach to London. A cold, taken on one of these expe- 
ditions, terminated in an inflammation of the lungs, of which he died in 
1805. He is the author of several papers in the Philosophical Transactions. 
Several pieces of his apparatus, and, among others, an athanor, or self- 
supplying furnace, were given me by Mr. Hatcuerr, who purchased them 
of Mr. Woutre: they are in the Laboratory of the Royal Institution. 

A few other persons of less note might be quoted as believers in 
transmutation, but the history of one is that of all; and, in the emphatic 
language of Spenser, they were doomed 

To lose good days that might be better spent, 

To waste long nights in pensive discontent ; 

To speed to-day, to be put back to-morrow, 

To feed on hope, to pie with fear and sorrow ; 
To fret their souls with crosses and with cares, 
To eat their hearts through comfortless despairs : 
Unhappy wights! born to disastrous end, 

That do their lives in tedious tendance spend. 

But although the alchemists have given us little in the way of useful 
facts or applicable discoveries, their reign was fruitful in the invention of 
apparatus. Alembics, stills, retorts, receivers, and a variety of whimsical 
and complex vessels, in glass and porcelain, are described and depicted 
in their works; and they not only possessed nearly all the furnaces with - 
which our modern laboratories are necessarily supplied, but were parti- 
cularly expert in their construction. 


§ IIL. 


. Tere are many points in alchemical history which have been purposely 
passed over, as affording nothing worthy of remark, and as suggesting 
nothing that throws light upon the brighter ages of chemistry. It has 
been too common to load the alchemists with honours which they: ill 
deserve: the picture of their proceedings, already given, is as correct and 
faithful as the materials that compose it admit of, and it presents little 
that the mind rests upon with satisfaction, or reverts to with interest - 
cr profit. But there were contemporaries with the alchemists, whose 
pursuits were conducted upon more rational principles, and whose wrilings, 
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though often overshadowed by the clouds of magic and astrology, are, in 
many instances, illumined by rays of sober experimental investigation: 
they often ‘indulge in the insane caprices of the mere searchers for the 
philosopher's stone, but their madness has method in it, and their wan- 
derings are not without a plan. 

Of these, the first I shall notice, is Bast, Vatentine* of Erfurth, 
who wrote about the middle of the fifteenth century, and who may justly 
be considered as one of those whose labours contributed to the foundation 
of modern chemistry: his experiments always had an object, and he details 
them with intelligible perspicuity. It is true that he often launches into 
alchemy, but he returns unpolluted by its follies: where he speaks as an 
adept he is as absurd as need be; but, as the narrator of experiments, he 
abounds in shrewd remarks, and was uncommonly successful in his pur- 
suits. The extant works of Bast, VALENTINE are not numerous, and 
they haye mostly become scarce. In 167] his Triumphal Chariot of 
Antimony was republished at Amsterdam, from the original edition of 
1624, with copious notes by Dr. Tuzopore Kinkrinarus; and a few years 
after an English translation of that celebrated production was printed at 
London. In 1644 his Haliographia appeared at Bologna. This work 
treats of the preparation, uses, and virtues of mineral, animal, and vege- 
table salts, and is a curious and well-digested body of information upon a 
variety of chemical subjects. These are the only works of Bast VAaLen- 
TINE that I have been able to meet with, and I believe they contain the 
pith of his-chemical knowledge. In both these works he appears in the 
double capacity of chemist and physician. In physic he was a brave 
champion for the chemical sect, and his T'riwmphal Chariot of Antimony, 
especially, abounds in reflections, not of the mildest description, upon the 
practice and theories of his adversaries, whom he despises, because, unable 
to prepare their own medicines, “they know not whether they be hot or 
cold; moist or dry; black or white; they only know them as written in 
their books, and seek after nothing but money. Labour is tedious to 
them, and they commit all to chance; they have no conscience; and coals 
are outlandish wares with them; they write long scrolls of prescriptions, 
and the apothecary thumps their medicine in his mortar, and health out 
of the patient.” . 

But when we find many most important facts recorded in the pages 
of this writer, we shall readily excuse the irrelevant matter by which they 
are accompanied; and, in this view, his writings deserve the attentive 
perusal of those who would trace modern improvements to their parent 
inventions and discoveries, and these to their more remote and recondite 
sources. ‘T'o say nothing of the important preparations of antimony with 
which Bast VAaLentTIne enriched the Materia Medica, and of which he ~ 
has given an intelligible and copious account in the Currus Triumphalis, 
we find in his works the first accurate directions for the preparation of 
_ nitric, hydrochloric, and: sulphuric acids; and were these his only contri- 
butions to the laboratory, I need hardly say how richly he merits the 
eulogies of the moderns, when we reflect upon the numerous uses to 
which those acids are now applied, upon their importance in several 
of the most refined and extensive branches of art, and upon the ad- 

* Born about the year 1400. 
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vances in technical and scientific chemistry which have been attained 


by their aid. Pats 

In order to obtain the water of nitre, for by that name he designates 
the acid, VALENTINE directs us to distil three parts of powdered earthen- 
ware with one of nitre. The mixture is to be subjected in a proper 
earthen alembic to a red heat, and a capacious receiver annexed. Now, 
this process is, in some places, still practised, and, although neither con- 
venient, nor, generally speaking, economical, the acid. it affords 1S suf- 
ficiently pure. The opinion of the old chemists, respecting this production 

of nitric acid, was, that the clay held down the nitre so as to expose it to 
the searching influence of the fire; but the decomposition depends upon 
the attraction of the potassa of the nitre for the ingredients of the clay, a 
kind of red slag remaining in the retort. : 

Another mode of procuring nitric acid mentioned by this writer, 
though probably of more ancient date, since Raymonp Lunty seems to 
have known it, comes nearer to the process now in common use, and 
may, in many situations, be conveniently and economically practised. 

It consists in distilling equal parts of nitre and green vitriol. The residue 

-consists of sulphate of potassa and oxide of iron; the former may be 
separated by washing with hot water, and an oxide of iron, of a deep 
red colour remains, used by the polishers of plate-glass, under the name 
of colcothar. : 

Under the directions for preparing the salt of gold in the Haliogra- 
phia, I find a third mode suggested for the production of acid from nitre, 
which consists in distilling saltpetre with finely-pounded flints. It de- 
pends upon the attraction of silica for potassa, which combine to form a 
glassy slag, or silicate of potassa. 

Such are the facts which are recorded by Basin VALENTINE respecting 
the preparation of nitric acid; he termed it water, or acid spirit of nitre. 
It was afterwards called aquafortis; and its property of dissolving gold, 
with the addition of sal ammoniac, or of hydrochloric acid, is often ad- 
verted to and descanted upon by the same author. 

For nearly two hundred years after the discovery of aquafortis, its 
chemical history was but little advanced; nor, indeed, were any facts of 
importance respecting its true nature made out, until Dr. Priestiny and 


Mr. CavenpisH commenced their researches, about the middle of the last 
century. 


But the discovery of nitric acid is certainly second in importance to. 


that of oil of vitriol, or, as it is now called, sulphuric acid, the honour of 
which is also due to Bastn Vanentine; for it is not, as far as my infor- 
mation goes, described in any earlier writer: he frequently mentions it, 
and the mode of its preparation; and Paracetsus, and the authors who 


immediately followed, talk of it as well known, and in common use, though — 


it is probable that it bore a higher price, and was but scantily supplied. 


In the Currus Triumphalis, the spirit afforded by the distillation of 


vitriol is not unfrequently adverted to, and its-action upon certain anti- 
monial compounds so fully described, as to leave no doubt respecting its 
oo In the Haliographia, however, oil of vitriol is distinctly men- 
tioned; and, what is curious, we find in the chapter of that tract relating 
to the extraction of the salts of iron, particular directions for the prepara- 
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tion of sulphate of iron, by dissolving iron filings in a mixture of one part 
of oil of vitriol and ta of water: this solution, he Says, “‘ when put. 
aside iw a cool place, soon. forms beautiful rystals;” and in another 
section we are told, that “ this salt is an excellent tonic; that it comforts 
weak stomachs; a that, externally applied, it is an eared styptic.” 
And this, in fact, is nearly all that we can say of the preparation and 
medical uses of this salt of iron at the present day. 

The mode of obtaining sulphuric acid, by the distillation of sulphate 
of iron, or green vitriol, is still extensively practised upon the Continent, 
in Germany, Sweden, and more especially at Bleyl, in Bohemia*. The 
vitriol is first deprived of water of crystallization, and then submitted, in 
glass retorts coated with clay, to a red heat; white fumes pass over into 
the receivers, which become. very hot during the condensation of these 
fumes into an unctuous reddish-brown fluid, which, from its viscidity and 
appearance, acquired the name of oil of vitriol: there remains in the 
vessels a substance of a fine red colour, which, when washed and levi- 
gated, furnishes the colcothar, or caput mortuum of vitriol; for the old 
chemists were in the habit of representing the dregs and last products of 
substances by the symbol of a death’s head and cross-bones. 

The oil of vitriol, thus prepared, exhales fumes when exposed to a 
moist atmosphere, and occasionally congeals or crystallizes; circumstances 
which led to its name of glacial oil of vitriol, and which show that it 
differs from the acid as ordinarily prepared. It contains, in fact, the 
anhydrous acid. 

That sulphur, during combustion, produces a Peon of acid matter, 
seems to have been known at a very ‘early period; the method of obtain- 
ing sulphuric acid by burning a mixture of sulphur and nitre is described 
by VaLenTINE in his Chariot of Antimony, under the name of oil of 
antimony, for he employed sulphuret of antimony, as well as sulphur, in 
its production. The original recipe runs thus:— 

“Take of antimony, sulphur, salt nitre, of each equal parts, fulminate 
them under a bell, as oil of sulphur, per campanam, is made, which way 
of preparing hath long since been known to the ancients; but you will 
have a better way if instead of a bell you take an alembic, and apply to 
it a recipient; so you will obtain more oil, which will indeed be of the 
same colour as that made of common sulphur, but in powers and virtues 
not a little more excellent.” 

’ * Dr. Warp, the inventor of many celebrated nostrums, was the first 
person who brought this mode of preparing sulphuric acid into notice in 

England; he obtained a patent for his invention, and for a considerable 
time monopolized the manufacture. At length Dr. Rorsuck, an eminent 
physician of Birmingham, substituted an apparatus of lead for the glass 
vessels previously used. This was in 1746, since which the price of 
sulphuric acid has been greatly reduced, and the manufacturer conse- 
quently enabled to employ it for a variety of purposes, to which it was 
previously inapplicable, from its scarcity and high price. In 1772, the 
first manufactory of sulphuric acid near the metropolis was established 
by Messrs. Kinascotz and WAKER, at Batterseat. 


_ ™ Arxtn’s Dictionary, art. Sulphuric + Parkes’ Chemical Essays, vol. i ii, Ps 
Acid, 388, 
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I have mentioned that the necessity and advantages of nitre, as an 
addition to sulphur in increasing the acid product, was known to VALEN- 
TINE; but the manner in which it operates 1s a later discovery. As the 
expense of the operation 1s increased by it, many attempts have been 
made to supersede its use, by the employment of other materials, under 
the impression that it merely furnished oxygen; but a little reflection 
easily proves the fallacy of such a notion; for, even if we burn sulphur 
in pure oxygen, sulphurous, and not sulphuric acid, is the result. The | 
solution of this chemical problem has been chiefly effected by the re- 
searches of M.M. Crament and Desormes, and Sir H. Davy, who have 
proved that the products of the nitre are concerned in transferring oxygen 
to the sulphur. A patent has more lately been taken out for a mode 
of preparing sulphuric acid by the combustion of pyrites, without the 
intervention of nitre, but its success is doubtful. 

The numerous antimonial preparations described in the Chariot of 
Antimony deserve more notice than they have generally received from the 
chemical historian ; and the perusal of that work affords some insight into 
the celebrated disputes between the galenical and chemical physicians, 
which were afterwards pushed so far by PaRACELSUS. 3 

Bast, VALeNtrne, adverting to the notion that antimony* was poison- 
ous, tells us, that its noxious qualities may not only be subdued by art, 
put that various properties may be communicated to its different prepara- 
tions——“ As a blacksmith,” he says, “with one sort of fire, and iron only 
is his matter, of which he forms divers instruments. Sometimes he 
makes a spit, at another time horse-shoes, another time a saw, and at 
length innumerable other things, every of which serves for that use for 
which the smith intended it. So of antimony various works may be 
made for different uses; in which the artist is the smith that forms, 
Vulcan is the key which opens, and operation and utility give experience 
and knowledge of the use. Oh, if foolish and vain men would hear and 
understand what I write, they would not suck their turbid and insalu- 
prious potions, but hasten to these limpid fountains, and drink of the 
well of life.” 

In pursuing his defence of antimony, the author allows its venomous 
nature, but then tells us, that upon that circumstance its value in medicine 
depends, upon the principle that venom draws venom to itself; and — 
adduces, as proof of this position, the well-known fact, as he terms it, 
that a dried toad reduced to powder, and sprinkled upon the wound 
occasioned by a viper’s bite, cures it. 


si1V. 


PaRaceLsts comes next in chronological order to his predecessor, Basti 
VaLmntine, but as a chemist he falls far short of that master; his original 


It is probable that the word Anti- | that his fellow monks would be the better. 
mony was first used by Basil Valentine. | for a like dose, they having become lean 
Tradition relates that having thrown | by fasting and mortification. The expe- — 
some of it to the hogs, after it had | riment, however, failed, and they died ; 
purged them heartily, they immediately whence the medicine was called Anti-— 
fattened; and, therefore, he imagined | moine, be 


“occupation. 
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discoveries are few and unimportant, and his great merit lies in the 
boldness and assiduity which he displayed in introducing chemical pre- 
parations into the Materia Medica, and in subduing the prejudices of 
the galenical physicians against the productions of the laboratory. The 
principal events of his life are the following: His real name was Pairip 
HociHener, which he changed, on commencing his professional career, 
into Turornrastus Bompastus Paracrrsus*. At an early age he 
visited the most renowned towns in Europe, and, returning to his native 
country, was made Professor of Medicine and Chemistry at Basle; he 
availed himself of this public situation, not to instruct the unlearned, but . 
to vilify his contemporaries and predecessors. It is generally said, ‘that 
his dissolute manners and intractable temper obliged him to quit his 
But others have told a more plausible story: a rich Canon 
fell sick, and getting frightened, offered a hundred florins to any one who 
would cure him. PaRAchLsts administered three pills, and the Canon 
got well; but being so soon restored, and by such simple means, he re- 
fused to ‘fulfil his promise. The matter was brought before a magistrate, 
who decreed that the doctor should only recover the customary fee. 
Trritated at the flimsy excuses and unpardonable ingratitude of the priest, 
and at the magistrate’s partial decision, Paracrisus declared that he 
would leave the inhabitants of Basle to the eternal destruction which 
they deserved: he then retired to Strasburgh, and thence into Hungary, 
where he took to drinking, and died in great poverty at Salzburgh, in 
1541, and in the forty-third year of his age. Though we can fix upon 


no particular discovery on which to found his merits as a chemist, and 


though his writings are deficient in the acumen and knowledge displayed 
by several of his ‘contemporaries and immediate successors, especially by 
TnHopore DE Mayerrne, and Du Cuesnr, or, as he was generally called, 
Quercirantst, it is undeniable that he gave a most important turn to 
pharmaceutical chemistry; and calomel, first described by Croznius{ in 
1609, with a variety of mercurial and antimonial preparations, as like- 
Wise opium, came into general use. Although the chemical physicians, 
however, were very successful, they were aware of the unpopularity of 
their means; people were frightened at the idea of mercury and antimony, 


* « Wunc virum,” says Boerhaave, 
alii coluerunt pro Deo, imo locutus sum 
eum hominibus qqui eredunt eum non esse 
mortuum, sed vivum sedere in sepulchro 
per teesum peccatorum et malorum ho- 
minum.” The following is an illustrative 
anecdote of his impudence: “ Cum ad- 
scenderet Cathedram physico-medicam, 
sumsit vas zneum cum igne, immisit 
sulphur et nitrum, et simul Galenum, 
Avicennam, et Arabes conjecit in ignem, 
dicens, sic vos ardeditis in gehenna.” 

+ DuChesne was a native of Gascony, 


and physician to Henry the Fourth. 


+ Oswald Crollius was physician to 
the Prince of Anhalt, and a counsellor 
of the Emperor Rodolph the Second. 
His practice and system were opposed 


by the celebrated Andrew Libavius, of 
Halle, who died in 1616. His. works 
were published in 1615, at Frankfort, in 
3 vols., folio. Libavius was succeeded 
by Angelus Sala, of Vicenza, physician 
to the Duke of Mecklenburgh Schwerin, 
whose works were published at Frank- 
fort, in 1647, in 1 vol.,4to. The perusal! 
of these authors will be interesting to 
those who are studying the history of 
medicine, on account of the important 
additions which they made to Chemical 
Pharmacy, and the new substances with 
which they enriched the Materia Medica. 
They were followers of the doctrines of 
Paracelsus, but divested their practice 
of the absurdities in which his tenets 
were involved. 
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which were accordingly exhibited under fantastic and assumed names. 4 
Towards the end of the fifteenth century, the use of antimony was pro-~ 
hibited at Paris; and Brsnrer was expelled the faculty for having perse- 


vered in administering it. In England, chemical medicines first began 
to be extensively employed in the reign of Charles the First. ‘In 1644 
Scuréper published his Chemico-Medical Pharmacopwia; and shortly 


after, that of the London College made its appearance; but although | 
the history of pharmaceutical chemistry must not be blended with the ~ 


abstract progress of the science, yet should it not be forgotten, that the 


great. modern improvements. 1n chemistry have sprung from its applica- 


tions to medicine, and that the foundations of chemical science are to be — 


found in the medical and pharmaceutical writers of the sixteenth century, 


who rescued it from the hands of the alchemical pretenders, and gave it — 


a place and character of its own. 


The enthusiastic ravings of PARACELSUS tended to awaken the more 
solid talents of Van Hetmont of Brussels, who flourished. in the early 


part of the seventeenth century, and who studied and admired the works 
of his less modest predecessor. Van Henmonr has left.a curious memoir, ~ 

containing a sketch of his own life, and exhibiting the various circum- ~— 
stances that gave an impulse to his proceedings, and the different causes © 
that suggested his pursuits. In this biographical relic, there is a vein of 

sound and unaffected argument, which displays a very*amiable turn — 
of mind in the writer. It would, however, be irrelevant to my present — 


subject to give more than a brief abstract, illustrative of the style and. 
pursuits of the author:—“ In 1594, being then seventeen years of age, 


I finished my course of philosophy; but upon seeing none admitted - 


an Seats Le ee gS ee 


a 


ee 


to examinations at Louvain who were not-in a gown and hood, as though _ 


the garment made the man, I was struck with the mockery of taking 
degrees in arts. -I therefore thought it more profitable seriously and 
conscientiously to examine myself; and then I perceived that I really 
knew nothing, or, at least, nothing that was worth knowing. I had, in 
fact, merely learned to talk and to wrangle, and therefore refused the 
title of Master of Arts, finding that nothing was sound, nothing true, and 
unwilling to be declared master of the seven arts, when my conscience 
told me I knew not one. The Jesuits, who then taught philosophy at 
Louvain, expounded to me the disquisitions and secrets of magic; but 


these were empty and unprofitable conceits; ‘and, instead of grain, I~ 
reaped stubble. In moral philosophy, when I expected to grasp the ~ 


quintessence of truth, the empty and swollen bubble snapped in my 


hands. I then tumed my thoughts to medicine, and having seriously 4 
read GALEN and Hippocrates, noted. all that seemed certain and incon- _ 


trovertible; but was dismayed upon revising my notes, when I found that 
the pains I had bestowed, and the years I had spent, were altogether 


fruitless; but I learned at least the emptiness of books and forinal dis- 


courses and promises of the schools. I went abroad, and there I found 


the same sluggishness in study, the same blind obedience to the doctrines 
of their forefathers,-the same deep-rooted ignorance*.” wink ib des 


* Johannis Baptiste Van Helmont | extract is from. ie Studia Authoris, 


Opera omnia, Hafn, 1707. The above | p. 16. 
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ae Hurmont was called by his des iekapotaaied an insane enthusiast; 


-but there is, even in the. imperfectly translated and brief quotation whielt 


Ihave talcen from the history of his studies, a propitious gleam of that 


dawn of improvement which was diffused over science by the genius of 


Lord Bacon. 


re The doctrine of the Chemical Elements was in full vogue during abe 


time of Van Hetmont, Paracetsus, and VALENTINE, and salt, sulphur, 
and mercury, are ‘unequivocally mentioned as ‘the mipaate component 
parts of almost all the forms of matter. Inthe writings of Van Hetmont, 
there are sundry allusions to the existence of aériform bodies, and the 


word gas; now in common use, and applied. to all aétiform matters 
differing from atmospheric air, first occurs in his pages: he also distin- 


guishes between condensible gases or vapours, and incondensible or per- 
manently elastic fluids; and under the term gas silvestre, he seems to 


- comprehend what was Eee called fixed air. As to the general 


tenour of his writings, it is difficult to separate the chemistry from the 


miscellaneous matters, and more especially from the medical commentaries 


' with which it is blended; but they abound in: hints. and observations, 


which are ingenious and-acute. In his experiments on air, he argued 


"very plausibly on its weight and elasticity; and has detailed ah much 


precision the effect of temperature and pressure, in his Rescues of the 
air thermometer. 


Entering. upon the’ seventeenth century, the historian of Experimental 


Science must ever pause to pay a tribute of gratitude and respect to the 


celebrated Francis Bacon; a man whose faults as a statesman have been 
eclipsed to the eyes of posterity by the Paap and eroenqnee of his 


_ philosophical character. 


It may usually be observed, that ee who are blero? by nature 
with superior genius or uncommon capacity, who are destined to reach 
the meridian of science, or to attain exalted stations in the learned pro- 
fessions, have exhibited early symptoms. of future greatness: either inde- 
fatigable industry, or extraordinary sagacity, or ardent enthusiasm, have 
marked their entrance into the affairs of life. At the age of sixteen, 
Bacon was distinguished at Cambridge; and, very shortly afterwards, 
struck with the frivolous subtilty of the tenets of ArisToTLE, he appears, 
to have turned his mind into that channel which led on to future emi- 


nence. ‘The solid foundation of his scientific character is the Instauration 


of the Sciences. It opens with a general and philosophical survey of the 


subject; whence he proceeds to infer the futility of the ancient philoso- 
phical systems, and to point out Induction,-from sober and severe experi- 
ment, as the only road to truth. ‘Pursue this, he says, and we shall 


obtain new powers over nature; we shall perform works as much greater 


than were supposed practicable by natural magic, as the real actions of a 


Cesar surpass the fictitious ones of a hero of romance. Speculative Phi- 
losophy he likens'to the lark, who brings no returns from his elevated 
flight; Experimental Philosophy to the falcon, who soars as high, and 
returns the possessor of his prey. Illustrations of the new method of 


_ philosophizing, and the mode of Apanate sults, conclude this admirable 


‘and unrivalled performance. 
To do justice to this work, we must, for a moment, forget the present 
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healthy and vigorous constitution of science, and view it deformed and 
sickly in the reign of Exizapetu. We shall then not be surprised at the 
syrelative observations and credulous details which occasionally blemish 
this masterly production of the human mind. : “wie 

But the history of Lord Bacon furnishes other materials for reflection. 
Upon the accession of JAMES THE First, he became successively possessed. 
of the highest honours of the law, and acquired great celebrity asa public 
speaker and a man of business; yet, amidst the harassing duties of his 
laborious avocations, he still found time to cultivate and adorn the paths 
of science, the pursuit of which furnished employment for his scanty 
leisure and relaxation in his professional toils; and, when ultimately dis- 
graced, “his genius, yet unbroken, supported itself amidst involved cir- 
cumstances and a depressed spirit, and shone out in literary productions.” 
Nor should the munificence of his royal master remain unmentioned, 
who, after remitting his fine, and releasing him from his prison in the 
Tower, conferred upon him a large pension, and used every expedient 
to alleviate the burden of his age, and to blunt the poignancy of his 
sufferings. | = eee 

After the death of Lorp Bacon, which happened in April, 1626,in ~ 
the sixty-sixth year of his age, the records of science begin to assume a 
brighter aspect; and we discern true knowledge emerging from the 
dungeons of scholastic controversy, and shaking off the chains of 
polemical learning. 

The middle of the seventeenth century was a period extremely fertile 
in chemical productions. In taking, however, a comprehensive view of 
the writers of this age, there are a few only whose labours deserve to be 
recorded as connected with the advancement of chemical knowledge; that 
is, as having contributed, by new views and discoveries, to the progress of 
what may be termed the philosophy of the science. They were generally 
mere recorders of insulated facts, or publishers of ill-digested and imper- 
fectly-arranged catalogues of the various preparations that were used in 
the arts and in medicine; for the dread in which chemical preparations 
were viewed by physicians began now to decline; the Materia Medica 
was filled with new and more convenient forms, and the Pharmacopeie, 
published under the authority of different governments, were allowed 
to divulge the preparation of calomel, emetic tartar, and several other ~ 
important and useful compounds. 

Among the writers of this period there is no one more rich in facts, 
and original in invention, than Guavunrr of Amsterdam. KUNCKEL Was 
a successful promoter of chemistry applied to the arts: he wrote on the 
production of phosphorus, and on the art of glass-making, and was a 
favourite at many courts of Europe, more especially with CHARLES THE 
Evevenrit of Sweden, who, in 1693, eranted him letters of nobility. In 
1673, Lemery, the elder, conferred much service on chemistry by his 
dexterity as an experimentalist, and by the plain, perspicuous style in — 
Which he publicly taught the rudiments of the science. ‘The discovery of — 
phosphorus belongs also to this period; and, although of little interest 
perhaps in the abstract, it drew a host of inquirers into the precincts — 
BS the laboratory, and was productive of more extensive and important 
consequences than have generally been attributed to it. 
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Of these Writers, there is no one so deserving attention as Guavner: 


he was not a mere maker of experiments, but he reasoned sensibly and 


even acutely upon their results; he occasionally oversteps the bounds of 
modest argument, rudely deprecates the views of his contemporaries, 
and praises himself beyond all measure; but this vitiated style was then 
in fashion, and, unlike most of his contemporaries, he has very sufficient 


_ claims to originality of invention. His works were translated into Eng- 


lish, and published, as the title runs, “for public good, by the labour, care, 
and charge of CuristorHer Pacxe, ‘Phylo-Chemico- Medicus, in 1689.” 
Giauser was so laborious an experimentalist, and in his experiments 
there is so much originality, that it is difficult to select those which can 
strictly be called discoveries, and upon which his scientific character 


_ deserves chiefly to be founded. 


The distillation of volatile alkali from bones, and its conversion into 
sal ammoniac by the affusion of spirit of salt; the preparation of sulphate 
of ammonia, which he calls secret sal ammoniac, and its conversion into 
common sal ammoniac by distillation with common salt; the production 
of blue vitriol by the action of acid of vitriol upon the green rust of cop- 
per; the distillation of vinegar from wood, and the formation of a variety 


of salts useful in medicine and the arts by its action upon alkaline, earthy, 


and metallic substances; the distillation of muriatic acid, or spirit of salt, 
from a mixture of common salt and acid of vitriol; and the extraction of 
sulphate of soda, or sal mirabile, from the residue of this experiment, are 
a few, and only a very few, of the truly important inventions and dis- 
coveries that crowd upon us in the perusal of the verbose pages of 
Guavuser. Of these the production of vinegar of wood, and of muriatic 


acid, may perhaps be regarded as of the greatest interest. The acid liquor 


produced during the destructive distillation of wood has lately become a 
manufacture of much importance. 

_ Guavser describes the distillatory apparatus, which he calls “a press 
for extracting the juice of wood;” he shows its condensation into an acid 
liquor; and directs the method of burning lime, by ranging layers of 


chalk alternately with those of the wood. He also says, that by rectifying 


pte spirit of wood, “a sharp hot oil, of a dark reddish colour remains, and 


the vinegar passes over, fit for the preparation of medicines, and all other 
uses to which common vinegar is applicable.” The oil, he adds, is an 
admirable preservative of wood, and when saponified with alkali, forms a 
most valuable manure; “a hogshead of which may be carried into fields 


‘and vineyards far remote, more easily than ten loads of common manure, 


which is carried to vineyards in rocky places with great difficulty. As to 
the spirit, physicians may use this noble and efficacious juice with great 


honour and profit in the cure of many diseases hitherto incurable ;’ ” and 


he highly extols the effects of a waim bath, acidulated by the vinegar of 
wood: he also shows the mode of concentrating it by exposure to cold, 
when “the phlegm only freezeth, but the shatp spirit remaineth in the 


middle of the hogshead, so sharp that it corrodeth metals like aqua fortis.” 


After many other shrewd and clever remarks respecting the tar of wood 
and its acid, Guauser closes his discourse, fearing that it will not be 
believed by many, which, he says, he cannot help; “it contenteth me 


that I have written the truth, and lighted a candle to my neighbours.” 
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The preparation of muriatic acid, as now. commonly conducted, was 
first devised by GuAuBER; he obtained it by distilling common salt with 
acid of vitriol, and gives a sufficiently clear account of the nature of the 


chemical change that ensues. The residue of this operation retains to this — 
day the name of Glauber’s salt; or, as he termed it, sal mirabile. Upon 


its virtues he has descanted at great length, and though, in his history of | 


this salt, its value and uses are preposterously exaggerated, his observa- 


tions serve to show the diligence and acuteness with which he investigated 


its applications, and offer proofs of the extensive information which he 
possessed relative to many processes of agriculture and the arts. Salt, in 
short, was GuAvuBEr’s favourite element: “ It is,” says he, “the beginning 
and the end of all things, and it increaseth and exalteth their powers and 


virtues: it is the true universal medicine; not that I would have any man — 


persuade himself, that in these words I would assert immortality, for my 
purpose tendeth not thither, seeing that Iam not ignorant there is no 
medicine against death.” And then, adverting to the opposition to 
chemical medicines by contemporary physicians, he advises them not to 
envy those “who have received such divine gifts as his wonderful salt, nor 
to provoke the innocent with their filthy calumnies and slanders, but to 
leave those things which exceed their capacities. - Nothing,” he says, 


“can extinguish truth; it may be prest, but cannot be overcome; like the’ - 


sun’s light, it may be hidden, but not extinguished.” 7 
The directions he gives for the preparation of the sal mizrabile, and the 


account of its properties, are in general very correct. “Its colour ought | 
to be white and transparent: its figure is in long striz or crystals: its — 


taste is like ice melting upon the tongue, and yields some bitterishness. 


Being dried in the fire, and all the moisture gone off, it will lose about — : 
three parts of its own body, and retain a fourth part only; being dissolyed 
in water, it will recover those three parts again. But, on the contrary, — 


if it shoot into a square figure, and hath as yet a saltish taste, and being 
dried, loseth but little of its weight, it is not worth a rush, and shows that 


either the oil of vitriol was not good, or not enough of it used in the © 
operation. These things we would not bury in silence, that so we might — 


well advise young beginners, and withdraw them from their errors.” 
GLAUBER has great merit as an inventor and improver of chemical 


apparatus, much of which is depicted in the plates attached to his works. - 


The form of distillatory vessels commonly called Wouure’s apparatus, is 
found in GuavuBeEr’s Chemical Furnaces; and he contrived a very inge- 


nious mode of heating large vessels of water by steam, and with great — 


economy of fuel, a method now often resorted to. 

__ He published a pamphlet, entitled The Consolation of Navigators, in 
which is taught how they who travel by Sea may preserve themselves from 
Hunger and Thirst; and also from those Diseases which are wont to 
happen in long Voyages. Written for the Health, Comfort, and Solace 
of all those who travel by Water for the good of their Country. The 
sensible plan of employing extract of malt asa portable vegetable diet, 
and dilute muriatic acid to quench thirst, is here recommended; and 
many of the medicinal uses of the muriatic acid are dwelt upon at length, 
which have been claimed as recent discoveries. On the whole, there is no 


author contemporary with GLAuBER, who has written so much to the © 
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‘ purpose, and in whom we find such abundant anticipations of modern . 


scientific improvements. He was cast in the true mould of an experi- 
mental chemist, and had he lived in a more propitious age, would probably 


have rivalled ScureLe and Prisstiry. 


§ V. 


Ir is now time to advert to the early proceedings of the Royal Society, 
as connected with the present subject, a body incorporated by Cuarzs 


THE SeconpD in 1662, under a Royal Charter, for the improvement of natural 


knowledge. ‘The period of the foundation of this Society was peculiarly 
favourable to its interests and objects; the country, long distracted by the 


worst of all evils, a civil war, and afterwards oppressed by the military 


usurpation of CROMWELL, was threatened, upon the death of the Protector, 
with the horrors of anarchy, when the restoration of CHARLES THE SECOND 
healed all divisions, and checked the tide of revolutionary violence. Then 


_ was a propitious time to lead the rich and well-informed into the avenues 


of scientific inquiry, and to substitute the advancement of knowledge for 
political speculation. Among the first members of the Royal Society are 


the names of many who were eminent in mathematical and physical 


knowledge, and of more who afterwards became so: they were vehement 
in favour of experimental science, which was then in its infancy, and soon 
acquired vigour by their support; and it is curious to observe among the 


- most active and zealous promoters of these peaceful studies, many who 


had been famed as party leaders, or actively engaged in political intrigues 
and revolutionary broils. 

The early volumes of the Philosophical Transactions, of which the 
first bears date 1665, consist of small numbers, which were published at 
irregular intervals, and, from their miscellaneous contents, may be com- 
pared to the scientific journals of these days. Exclusive of papers read 
before the Royal Society, they contain many scraps of literary and scientific 
value collected by the secretary, Mr. OLpENBuRGH. ‘The publication was 
continued by Drs. Grew and Hooxs, but the latter discontinued it, pro- 
bably from the sparing sale; and in 1683 we find Dr. Pror resuming the 


editorship, upon condition that the members would bind themselves to 


purchase sixty copies of each number. The T'ransactions were periodi- 
cally published, with some intermissions, however, by the Secretaries of 
the Society, till the year 1750, when the publication was put into the 


hands of a Committee of Papers; and since the year 1762 a volume has 


annually made its appearance™. 

In 1666, the Royal Academy of Sciences was instituted at Paris, 
under the protection of Louis rau Fourreenru: in its annals the names 
of Homperre, Grorrroy, and the two Lemerys, soon became celebrated 
for their various discoveries and improvements in chemistry. Homsrrct, 
under the auspices of the Regent Duke of Ortmans, was an active and 
successful experimentalist. He discovered the boracie acid, which he 


prepared under the name of sedative salt. He was also the discoverer of 


Pyrophorus. GEOFFRoY deserves mention as an active and scientific con- 


= THomson’s History of the Royal So-| + Bornat Batavia, in Java, 1652; died 
ciety, at Paris, 1715, 
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tributor to pharmaceutical chemistry; he was also, I believe, the first 


compiler of the Paris Pharmacopeia. 
The early proceedings of the Royal Society of London present many 


absurdities might be selected from among them, the principal of which 
were lampooned by Sir Joun Hitt, in his Review of the Works of the 
Royal Society of London. This period, however, was adorned with the 
names of Boyte* and of Hooxet; the former a voluminous writer, of a 
most amiable temper and upright mind; the latter, an original and acute 
experimentalist, but a peevish and distrustful man}. 


Although Boye cannot be said to have fathomed the depths of | 
science, yet his station in life, his mild and prepossessing disposition, his _ 


traits of the infant state of experimental science, and not a few — 


strict honour and integrity, and the unaffected earnestness with which he — 


promoted experimental inquiry, tended to shed a lustre on his pursuits, 
to elevate their character with the world, and to draw into their precincts 


many who, without such an example, would have passed their lives in 


that listless inactivity, then too common with those upon whom fortune 
smiled; among them Mr. Boye made many converts. “Tt must be 


confessed,” says his contemporary Evenyn, “that he had a marvellous — 
sagacity in finding out many useful and noble experiments. Never did 


stubborn matter come under his inquisition, but he extorted a confession _ 
of all that lay in her most intricate recesses, and what he discovered he 


has faithfully registered and frankly communicated. In this,” says 
Evetyn, “exceeding my Lord Verunam, who (though never to. be 
mentioned without honour and admiration) was used to tell all that came 
to hand. His severer studies did not in the least soure his conversation, 
and I question whether any man has produced more experiments without 
dogmatising. He was a corpuscularian without Epicurus; a great and 


happy analyser, addicted to no particular sect, but, as became a generous — 


and free philosopher, preferring truth above all; in a word, a person 
of that singular candour and worth, that to draw a just character of him, 
one must run through all the virtues, as well as through all the sciences§.” 


* Boyle was bornin January, 1627, at 
Lismore, in the Province of Munster, in 
Treland. He was educated at Eton, and 
afterwards travelled in Italy, Switzer- 
land, and France, and returned to Eng- 
land in 1644. In 1668 he took up his 
residence in London; and in 1680 was 
elected President of the Royal Society. 
He died on the 20th of December, 1691, 
aged sixty-four. 

t+ Born in the Isle of Wight, 1635 ; 
died in London, 1702. 

{ Sir Godfrey Copley, in a letter writ- 
ten about the time of Hooke’s death, 
says, “ Dr. Hooke is very crazy; much 
concerned for fear he should outlive his 
estate. He hath starved one old woman 
already, and, I believe, he will endanger 
himself to save sixpence for anything 
he wants.” In another, written a few 
weeks after his death, Sir Godfrey 


says, “I wonder old Dr. Hooke did not 
choose rather to leave his 12,000/. to 


continue what he had promoted and — 
studied all the days of his life, I mean | 


mathematical experiments, than to have 
it go to those whom he never saw nor 
cared for. It is rare that virtuosos die 
rich, and it is a pity they should, if they 
were like him.” Dr.Ducarret'sMSS. 
quoted in Biog. Dict. Hooke some- 
times declared that he intended to dis- 


pose of his estate for the advancement _ 


of natural knowledge, and to promote 
the ends for which the Royal Society 
was instituted; to build a handsome 
edifice for the Society’s use, with a 
library, laboratory, and repository, and 
to endow a _ professorship. Life by 
WaALrer. | ‘ 

§ Bray’s Memoirs of Evelyn, 2nd edit. 
4to., vol, ii. p. 268, ma 
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-Boytz died in December, 1691, and his funeral sermon was preached 
by the celebrated Dr. Burnet, at St. Martin’s Church, “in which,” says 
Evetyn, “he spake of his wonderful civility to strangers, the greate good 
which he did by his experience in medicine and chemistry, the works, both 
pious and useful, which he published, the exact life he led, and the happy 
end he made™.” 

Upon the whole it may truly be said of Boyer, that, though he 
enlightened and adorned the avenues of science, he scarcely enriched it; 
he wrote much, and generally to the purpose, but he is rather the historian 
than the actor. It may be remarked however, that in Boyin, and espe- 
cially in his contemporary, Hooxs, we have the first genuine samples of 
the influence of Lord Bacon’s doctrines, which actuated all their proceed- 
ings, and produced effects marvellously beneficial. Mr. Boyin’s Essays 
on the successfulness and unsuccessfulness of experiments, and the pre- 
face to his philosophical writings, are in the genuine spirit of experimental 
research; and Hooxe, in the preface to the Micrographia, has spoken 
so much to the point, and in language so novel and bold in the then state 
of science, that, upon perusing it, we are struck with the entire confidence 
which it bespeaks for his subsequent experimental details. ° 

After adyerting to the deep-rooted errors that have been grafted upon 
science, by the slipperiness of the memory, the rashness of the under- 
standing, and the narrowness of the senses, and showing that these 
failings may, in some degree, be obviated by the right ordering and ren- 
dering them duly subservient to each other, he proceeds to point out the 
means of tracing the footsteps of nature, “not,” as he says, “in her 
ordinary course only, but also in her doublings and turnings; and in this 
investigation, upon which the desirable reform in philosophy is to be 
founded, there is not so much required any strength of imagination, or 
exactness of method, or depth of contemplation, as a sincere hand and 
faithful eye, to examine and to record the things themselves as they really 
appear.” 

_Hooxe then goes on to lament that “the science of nature has been 
too long made the work of the brain and of the fancy; let it now revert,” 
says he, ‘‘to plain and sound observation; and let all intelligence be 
severely examined; let there be rigour in admitting, strictness in com- 
paring, slowness in debating, and shyness in determining. The under- 
standing is to order all the inferior services of the lower faculties; but 
yet it is to do this as a lawful master, and not as a tyrant. It must not 
encroach upon their offices, nor take upon itself the employments which 
belong to either of them. It must watch the irregularity of the senses, 
but not go before them, or prevent their information; it must examine, 
range, and dispose of the bank which is laid up in the memory; but it 
must be sure to make distinction between the sober and well-collected 
heap, and the extravagant ideas and mistaken images which there it may 
sometimes light upon.” ‘This is, indeed, the language of Lord Bacon, by 
one who acted as he wrote, for Hooxn was a most diligent experimenter, 
and has recorded his results with all that cautious sobriety which he 
advises. “If ever,” he says, “I have ventured at small conjectures re- 

specting the causes of the things I have observed, I beseech the reader to 


* Bray’s Memoirs of Evelyn, Diary, vol. ii., p39. 
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look upon them only as doubtful problems and uncertain guesses, not 
as unquestionable conclusions, or matters of unconfutable science.” 

Among the new views and discoveries of Hooxr, connected with 
chemistry, and many of which are scattered through the writings of. 
Boye, there are none of more importance than those relating to the 
phenomena of combustion, and to the part which the air performs in that 


process; and as we are now approaching an epoch of our history at — 


which the appearances presented by burning bodies, and the changes 
which they undergo, were attentively examined and assiduously in- | 
quired into, and in which they were considered as one of the main 
objects of chemical research, it is right that we distinctly understand 
Hooxe’s notions upon this subject, which will be found wonderfully 
acute, and remarkable for their boldness, as differing from theories then — 
received; and for correctness as superseding the objections to which the 
other views are liable. 7 

_ From the obscure hints in the writings of the alchymists, and from 
the more decided language of Bast. Vatentine, Paracetsus, and other 
writers of that cast, it appears that the phenomena of combustion were 


generally referred to the existence of some subtile and highly volatile — 


principle, which, expanded and agitated by heat, produced flame and 


fire. When metals were exposed to the action of heat, the greater num- - 


ber were observed to alter their appearance, and, losing metallic brilliancy, 
became converted into an earth-like residue, to which the name of Calzx 
was given. It was generally admitted that, in this process, the particles 
of the combustible were thrown into violent vibrations, and so trans- 
formed into heat and light; and such a supposition was natural enough, 
for it appears to a superficial observer, unacquainted with the results of 
modern discovery, that the matter burned is in a great number of cases 
entirely consumed, and that the principal products are light and heat. 
A tract, extremely remarkable for the period at which it was written, 
appeared on this subject in France about, or previous to, the year 1630, 
relating to the increase of weight sustained by tin and lead during their 
calcination. Lr Brun having melted two pounds six ounces of tin, found 
that in six hours the whole had passed into the state of calx, weighing 
three pounds one ounce; and, being puzzled at the circumstance, he con- 


5 


sulted Rey, a physician of Perigord, as to its cause, who immediately set - 


about an investigation of the matter, which terminated in explicitly re- 
ferring the cause of the increase to the fixation of air®. “i 
_ Hooke in his investigations, and Boyz by his experiments with the 
air-pump, which was now just perfected and coming into use, succeeded 
not merely in demonstrating the important part performed by the pre- 
sence of atmospheric air in combustion, but Hooxnr carried his inquiries 
still further, and, in his mind’s eye at least, seems to have seen and 
anticipated the results that were gained at a much later period of chemical 
Science, and established upon less questionable authority. . 
Boyz found that a candle, charcoal, sulphur, and some other com- 
bustibles, would not burn in the exhausted receiver of his air-pump, 
which however produced a very imperfect vacuum. When he had pro- 


.* 
; Essays de Jean Rey, Docteur en mentent de poids quand on les calcine. 
Médécine, sur la Recherche ce la Cause Paris, 1717 
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cd 


OF CHEMICAL PHILOSOPHY. 33 


eured a good vacuum, he found that gunpowder would not inflame in it 
by collision of flint and steel, which he properly attributed to the want of 
due heat in the sparks resulting from collision; for, on heating the pow- 
der in the foeus of a lens, it exploded: hence he thought the nitre con- 
tained in the gunpowder was concerned in furnishing materials to supply 
the place of the air*. ; fae? 

‘Hooxe, in the sixteenth section of the Micrographia, relating to 
charcoal and burned vegetables, observes, that in the ordinary process for 
making charcoal, the consumption of the wood is prevented by the exclu- 
sion of air. The charcoal glows, it is true, but does not burn;—hence, 
he says, may we learn, that the air is the universal dissolvent of inflam- 
mable bodies,—that this dissolution generates heat, which we call fire, as 

_ is the case in many other dissolutions,—that this dissolution is made by 
a substance mixed with the air that is like unto, or the very same, as that 
which is fixed in saltpetre,—that, of the burning body, one portion is 
turned into air, and another portion is indissoluble,—that the dissolving 
parts of the air are but few, and hence the atmosphere is like those spirits 
that have much phlegm mixed with them, and become soon glutted; 
whereas saltpetre abounds more in those solvent particles, and hence a 
little will dissolve a great sulphureous body quickly and violently; and as 
other solvents, though but weak, quickly consume the dissoluble body, if 
the supply be renovated, so air, applied to a shining body by a bellows, 
will dissolve it as rapidly as saltpetre. From all which he concludes, 
that there is no such thing as an element of fire, but that flame results 
trom the mutual agency of the volatile parts of combustibles, and a part 

_of the atmosphere. 

~ These although not the very words of Hooxr, but an abridgment of 
them, contain their unadulterated sense: his expressions show that he 
had experimented more largely upon the subject, but he was unwilling to 
extend his account of it till he had completely investigated other parts of 
the inquiry; he particularly alludes to the use of the air in respiration. 
I do not, however, find in any of Hooxn’s later productions, that he fol- 
lowed up the interesting facts detailed in the Micrographia, though in his 
Lampas, published in 1677, he has given a beautiful explanation of the 
way in which a candle burns: he attributes the light and heat to the ac- 
tion of the air upon the combustible matter of the flame, and shows that 

_the interior of the flame is not luminous, by the simple expedient of 
viewing its section through a thin piece of glass, or of mica. 

The doctrines of Hooxs, concerning the influence of the air in com- 
bustion, were further illustrated by Joun Mayowt, who, in 1674, pub-: 
lished his T'racts on various Philosophical Subjects. The date of this 
work is posterior to that of the Micrographia, but anterior to the Lampas, 
and it contains arguments very similar to those promulgated in the former 
work, without, as far as I have been able to find, any reference to them, 
or even mention of Hooxr’s name. But Mayow’s chemical fame need 
not be built upon his doctrine of combustion, for he has displayed uncom- 
mon talents in various other branches of inquiry. 

* New experiments touching the re-]| + Born in Cornwall, 1645; died in 


lation betwixt flame and air. Boytr’s | London, 1679. 
Works, 4to., London, 1772, p. 563. 
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While these views were promulgating in England, and chemists were 
busy in endeavouring to raise a theory of combustion, independent . . 
hypotheses, and founded upon experimental inferences only, Brccupr* 
and Srautt, in Germany, were at work upon the same subject, and — 
succeeded in establishing an explanation of combustion, which afterwards 
made much noise abroad, under the name of the Phlogistie Theory; and 
when we revert to the researches whence this theory, as it was called, 
arose, they carry with them so plausible and accurate an air, and appear 
so much less at variance with received doctrines, and known facts, that 
it is not surprising they should have been adopted in preference to the 
more abstruse and, as they then appeared, hypothetical explanations of 
Hooxr and Mayow. 

Beccuer’s Physica Subterraneat was published at Franckfort in 
1669: I have endeavoured in vain to come at the meaning of much of 
this publication ; but thus far is evident, that he has anticipated the 
prevailing geological theories of the present day, and has argued upon 
many terrestrial phenomena, with a degree of plausibility and’ precision 
which will bear comparison with the more enlightened and learned views 
of Hutton and PLAyYFrair. : a 

His notion of the chemical constitution of bodies amounts to this: the 
elements of bodies are air, water, and three earths, one of which is inflam- - 
mable, another mercurial, and another fusible. The three earths, combined 
with water, constitute an universal acid, which is the basis of all other — 
acids. The combination of two earths produces lapideous bodies; and, 
in the metals, the three earths are united in various proportions. I can- 
not pretend to explain or elucidate this doctrine, and have no further — 
remark to make upon it, than to request it may be compared with the 
luminous experiments of Hooxn, in order to set the merits of the latter in 
their true light. “i 

Towards the end of the seventeenth century, the opinions promulgated 
by Sranun attained universal assent, and of the names of Hooxr and 
Mayow nothing was heard for more than half a century. : 


_ * Born at Spires in 1625; died in 
England, 1685. : 

+ Born in Franconia, 1660; died at 
Berlin, 1734. 

+ Beccher wrote voluminously upon a 
great variety of subjects. His principal 
chemical works are as follows : 

1. Gidipus Chemicus. 2. Metallurgia, 
de generatione, refinatione, et perfectione 
Metallorum. 3. Physica Subterranea, and 
its various appendices. 4. Parnassus 
Medicinalis Illusiratus. 5. Laboratorium 
Portatile. 6, Chymischer Rosen-garten. 

Beccher’s Gdipus is dedicated | to 
Francis Sylvius Delebée, who, in 1658, 
was elected the first Professor of Medi- 
cine in the University of Leyden. He 
was a man of an acute mind, as appears 
from his various essays and tracts, more 
especially from his Praveos Med. Idea 
Wova. He died at Leyden in 1672, 


“ Utilissimum profecto munus subiisti, — 
quo tui auditores non verba, sed corpora, — 
non chymerasticos terminos, vertim ipsas — 
reales enchyrises, non inanes denique et~ 
immateriales facultates, sed a te demon- — 
strati, effectus causas practicas audiunt, 
vident, tangunt.” Beccher everywhere — 
compliments him as a man not of words, 
but of deeds; as a philosopher, who 
eminently sought to render science po- 
pular and intelligible to all capacities. 
The language of Beccher’s Physica 
Subterranea is sufficiently inelegant and — 
incorrect.  Execuso Latinitatem in hoc 
opere,” says he, “ quath barbaram esse — 
fateor, ob materiem et ob scriptionem, — 
in specie scriptiozis modum: ex ore 
enim dictantis totum opus conceptum — 
est. Sic rebus attetitus, véerba neglexi.” — 
This is at once ati example and apology. — 


oe he 
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Rejecting the mercurial earth of Beccuzr, Stamm retained as elements, 
water, acid, earth, and fire, or, as he termed it, Phlogiston, a principle of 
extreme tenuity, and prone to a kind of vibratory motion in which it 
appears as fire. He went beyond Brccnrr in adducing  experiniental 
proofs of his hypothesis. When phosphorus is burned, it produces an 
acid matter with the evolution of much heat and light; consequently, 
phosphorus consists of acid and phlogiston: if this acid be now heated 
with charcoal or other body ac al in phlogiston, phosphorus will be 
re- produced. 

When zine is heated to redness, it burns with a brilliant flame, and is 
converted into a white earthy subatande or calx. T[fence zine consists of 
this earth and phlogiston. 

- Now, it will be observed, that nothing is said here of the increase of 
weight which Rey attributed to the condensation of air, and which 
_ Mayow has as distinctly referred to the fixation of Hooxr’s nitro-aérial 
particles. Nor is that obstacle taken into the account which Boyt#'s 
experiments had suggested, and which Hooks is particularly fond of 
dwelling upon, namely, that bodies will not burn without air. 

However, this hypothesis of Sraun, notwithstanding the increase of 
weight in the burning body, the requisite presence of air, and other bars 
against it, was immediately embraced by the generality of chemists, and 
tinaintained an unimpeached dominion for upwards of fifty years, until 
shaken and upset by the arguments of Lavoisier, who, availing himself 
of the discoveries of Scuertr, Priesrieny, and Buacx, brought an 
insuperable mass of evidence to beat against the doctrine of phlogiston*. 

That constituent of the air which Hooker had detected in nitre, and 
which Mayow called its nitro-aerial particles, was, under the new title of 
oxygen, regarded as accessory to all cases of combustion. It was'presumed 
that this aérial matter consisted of heat and light, combined with a 
ponderable base, which united with the combustible, conferring upon it 
new characters, while the other elements were extricated under the form 
offire. But to this explanation two difficulties soon presented themselves; 

the one, that in many cases of combustion, aériform matter, instead of 
being absorbed and decomposed, is evolved and composed; and the other, 
that the evolution of heat and light is not proportional to the volume of 
air condensed, but depends upon ithe rapidity of the condensation, and 
upon the natite of the combustible. These objections, however, cannot 
be fully discussed without a reference to the doctrines of heat, light, and 
electricity, which must not now be entered upon. 


* Stahl’s doctrines are very ably set 
forth in his Three Hundred Ewxperi- 
ments, published at Berlin in 1731; and 
in his Fundamenta Chemie, Nuremberg, 
1723 and 1732. He noticed the neces- 
sity of air to combustion, but he con- 
sidered flame or fire as resulting from 
its violent ethereal agitations. Stahl is 
continually urging ‘cireumspection in 
hypotheses, yet preconceived opinions 


are always leading him to erroneous 


conclusions, as the following passages 
amply prove. “Aer ignis est anima, 
hine, sine aere nihil potest accendi vel 
inflammari.”— Aer in motum exCcitatus, 
seu ventus artificialis, vel etiam natiiralis, 
mirum excitat motum eetheris seu flam- 
mam ; hinc ad ignem fusorium, et vitri- 
ficatorium, promovendum, follibus opus 
est; imo gradus et veliementia ignis 
dependet multum ex aeris admissione.” 
—Fund. Chem, dogmat, et ration, p. 22. 
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§ VI. 


Mayow, whose name was mentioned in the last section coupled with 
that of Hooks, in researches concerning the influence of air upon 
combustion, is the first writer who divulged views worth recording upon 
the subject of respiration, and who has elsewhere displayed some shrewd 
guesses concerning the causes and effects of chemical affinity. In the 


first case, he opened a communication between chemistry and physiology; — 


and, in the latter, he extricated a most important and fundamental branch 


of chemical philosophy from the mire of false reasoning, and planted it in — 


the precincts of experimental research. 
Mayow was the ornament of his time and country as an experimental 


inquirer; but, unfortunately, he seems to have fallen upon unpropitious — 
ground, and his talents, instead of having been awakened by emulation, ~ 


were damped by the coldest reception. He was a native of Cornwall, and 
died at the early age of thirty-five, at the house of an apothecary in 


York-street, Covent garden. Dr. Brppors, and more lately, Dr. YEats*, 


have each asserted his claims to several of the discoveries attributed to 


modern experimenters, and they have in many points made out an 


irresistible case in his favour. 


At an early period of his experiments, Mayow seems to have been ~ 


struck with the analogy between the phenomena of combustion, and 
those of respiration, and although many of his conclusions are full of 


, 


—— 


error, there are more which are correct and even refined. He burned a ~ 


candle under a bell-glass, and found the air so deteriorated as to be unfit 


for the continuance of combustion. He then confined a mouse ina ~ 


similar portion of air, and it soon manifested the want of its renewal. 


Then, by putting a mouse and a candle under the same bell-glass, he found ~ 
it live only half the time that it had survived when under the glass alone. — 
He then reversed the experiment, and endeavoured to fire combustible — 


matter in air that had been spoiled by breathing; and finding that it 
would not burn, he observes, that “the nitro-aérial particles are absorbed 
both by the candle and the animalt.” 


ro 


Examining the residuary air standing over water after combustion, he _ 


found that it was a little lighter than the atmosphere, and extinguished 


flame; thus remarkably describing nitrogen by its principal properties, 


namely, that it does not support combustion, that it is not absorbed by — 


water, and that its specific gravity is inferior to that of atmospheric air. 
When Mayow speaks of the destruction of the elasticity of a portion of 
the air, he alludes to its absorption by water; and finding the carbonic acid, 


formed by respiration and combustion, to be thus absorbed, and its 


formation always connected with the loss of power to support flame, or of 


its nitro-aérial parts, he talks of restoration of elasticity by restoring the 


nitro-aérial matter. 


Mayow also obtained hydrogen gas by acting upon iron by dilute — 


* Observations on the Claims of the + See the Ist and 2d Tracts, De Sal- _ 


Moderns to some Discoveries in Che-| nitro, et Spirito Nitro-aério, and De | 


mistry, &c. By J. D. Yeats, M.D. \ Respirati 
London, 1798, _ 2 espiratione. 
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sulphuric acid; and nitrous gas, by immersing the same metal in dilute 
aquafortis. Upon the whole, Mayow’s experiments upon respiration, and 
upon the gases, are something more than ingenious. Considering the 
novelty of the subject, and the imperfection of his apparatus, they may be 
considered as surprising efforts of experimental diligence, and his conclu- 
‘sions may be ranked as remarkable indications of a fruitful mind, not 
wandering amongst hypotheses, but settling upon the results of experiment. 
Not satisfied with having ascertained that one part only of the atmo- 
sphere supports life, he extended his inquiry to the subsequent influence of 
that part upon the system. It was the prevailing notion of his time that 
respiration cooled the blood, but having observed in the nitro-aérial or 
fire-air particles an essential to flame and fire, he considered their 
absorption as necessarily connected with the heat of the blood; he 
observed an analogy between the respiration of animals and that of plants; 
and to show the existence of air in the blood, he had recourse to the air- 
pump, which, he says, extricates it more copiously from arterial than from 
venous blood. 

The most remarkable Chapter, however, of Mayow’s tract, is that 
relating to the “mutual action of salts of contrary kinds,” or, in other 
words, to chemical combination and decomposition, a subject which he 
has handled in so masterly a manner, and which is so ably supported by 
experiments, that, although anticipated in respect to his researches on the 
‘air by Hooxer, we must here give him due credit as an original inquirer. 

It was imagined by those predecessors of Mayow who expounded 
their notions respecting chemical affinity, that bodies combined in con- 
_ sequence of certain mechanical forms of their particles; and that when 
an acid was added to an alkali, the salt produced was a perfectly new 
product, resulting from the annihilation of the particles of its components. 
It was not admitted, or at least not generally admitted, that the acid and 
alkali existed as such, and might again be separated from the neutral 
salt. Mayow first set about rectifying this gross error. When spirit of 
salt, he says, is mixed with sal volatile, sal ammoniac is produced, 
in Sticks, it is true, neither the properties of acid, nor of alkali, are 
apparent; yet, if salt of tartar be distilled with sal ammoniac, the volatile 
alkali will be displaced with all its previous characters, because there is a 
greater attraction between spirit of salt and tartar than between spirit of 
salt and volatile alkali. Again, to show that the acid is not destroyed in 
‘saline combinations, he instances the decomposition of nitre by oil of 
vitriol, which, he says, displaces the nitric acid, and the residuum in the 
retort furnishes vitriolated tartar. It may be asked, he says, why, when 
nitre is heated, the nitric acid dces not rise, for it is, as we have just seen, 
very volatile: the reason is, that it is restrained and kept down by its 
attraction for the tartar, and can only be displaced by bodies which have 
a stronger attraction for tartar than it. This is excellent reasoning, and it 
would be difficult, with all the advantages of modern acquisitions, to 
adduce two more illustrative cases than those which Mayow has furnished. 
He then goes on to show that acids have a greater attraction for alkalies 
than for metals. ‘Lhe metals, he says, are soluble in one:or other of the 
acids, but their solutions are dccomposed by salt of tartar; the acid then 

combines with the tartar, and the metal is precipitated. In the same way 
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‘alkali unites to sulphur; but if this combination be dissolved in water, 


and acid added to the solution, the sulphur falls, and the acid and alkali — 


4 
a 
q 
% 


unite. Combinations of the metals with sulphur are also decomposed by 
acids; thus, if sulphuret of antimony be distilled with aquafortis, the acid — 


and metal combine, and sulphur sublimes. 


Having given other similar instances of the combination of sulphur 


with metals and alkalies, he proceeds to some general views connected — 


with the subject, among which the following deserve particular notice. 
Although, he says, sulphur enters into these combinations, we are not 


to imagine, as some have done, that sulphur includes an acid, and 


thence derives its powers of combination, in consequence of its containing 
an opposite nature; on the other hand, it is clear, he adds, that the 
combination is independent of any such hidden cause, and is the mere 
result of the mutual affinity of the substances, He then cautions those 
concerned in the compounding of medicines, to beware of the new com- 
pounds that may result in consequence of these mutual attractions and 


decompositions, for “ one substance may destroy the efficacy of another, — 


and something perfectly different from the original may result.” It is 
curious, he remarks, that when acid of vitriol is poured upon salt of 
tartar, so as to form vitriolated tartar, a great effervescence ensues; but 


if the acid be previously combined with a metal, this is not observed, and ° 


yet vitriolated tartar is equally formed; as when salt of tartar is added 


to solution of green vitriol. In these cases, he says, the acid part of the — 


salt of tartar is retained by the metal; thus giving an explicit account of 
a frequently occurring case of double decomposition. 


These views, relating to chemical attraction, are at once clever and 


correct, and their merit will be especially enhanced by a comparison with 
the absurd and groundless speculations previously entertained upon this 
subject. But Mayow has other and more weighty evidence in his favour, 
for it is remarkable that his views and language were adopted by Nuw- 
TON, and that the sketch of a theory of chemical attraction given by that 
philosopher in the Queries annexed to the third book of Optics, is nearly 
in the language, and quite in the spirit and meaning, of his predecessor 


Mayow. The following are a few of the points urged by Newron in the 


explication of these phenomena:— 


If carbonate of potash be exposed to air it deliquesces, in consequence, - 


says Nrwron, of an attraction between the salt and the particles of water 


contained in the atmosphere. And why does not common salt and salt- 


petre deliquesce in the same way, except for want of such attraction? 
And again, where he especially comes in contact with Mayow, he 
says, when spirit of vitriol, poured upon common salt or saltpetre, makes 
an ebullition, and affords on distillation the muriatic and nitric acids, the 
acid part of the spirit of vitriol staying behind, does not this argue that 


the fixed alkali in the common salt and saltpetre attracts the acid spirit 
of the vitriol more strongly than its own spirit, and not being able to — 


es them both, lets go its own? How these attractions may be per- 
ormed, continues Newton, I do not here consider; what I call atiraction 


may be performed by impulse, or by some other means unknown to me: ~ 


I ae aba word to signify any force by which bodies tend towards one 
another, whatever be the cause. Thus, he says, muriatic acid unites to 


aida 
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salt of tartar, by virtue of their respective attractions; but when oil of 
vitriol is poured upon this compound, the former acid is displaced. by the 
_ superior attraction of the latter. Silver is separated from aquafortis by 
quicksilver; quicksilver by copper; and copper by iron; which argues 
that the acid particles of the aquafortis are attracted more strongly by 
iron than by copper; by copper than by quicksilver; and by quicksilver 
than by silver*. Thus, then, chiefly by the experimental labours of 
Mayow, and the sagacious views of Newton, the old and prevailing 
notions of the atomic forms of bodies, the hypothesis of hooks, rings, 
points, and wedges, by which the component parts of bodies were supposed 
to be held united, gave way to asimple and independent expression of facts. 

It has often been said, that anticipations of modern discoveries which 
could alone be demonstrated by the progress of experimental research, 
are characteristic of the writings of Newton, and proofs of his sagacity 

and penetration: he inferred that the diamond consisted of inflam- 
mable matter, and suspected the existence of a combustible element 
in water, very long before either of those subjects had been experimen- 
tally investigated; and in his notions relating to the subject of chemical 
attraction, he has an anticipation not less striking, relating to the con- 
nexion between chemical and electrical attraction. “The attractions of 

gravity, magnetism, and electricity, reach to very sensible distances, and 
so have been observed by vulgar eyes; and there may be others which 
reach to so small distances as hitherto to escape observation, and perhaps 
electrical attraction may reach to such small distances without being 
excited by friction t.” 

I shall conclude this subject with some account of the progress more 
lately made in elucidating the doctrines of chemical attraction. 

In 1718, Georrroy{ invented those tables of affinity which are now 
often given in 2 i at works, and which have 
proved of service in extending chemical knowledge; AciDs. 
he considered the order in which bodies separate each |, |, 
other from a given body, as constant. Thus, he thought es ane 
the metals were always separated from acids by the Apgsorbent earths. 
absorbent earths, these by volatile alkali, and the vola- Metals. 
tile by the fixed alkalies; to represent, therefore, the 

’ attraction of acids for these substances, he placed them at the head of a 
column, with the other bodies beneath, in the order of attraction, as shown 
in the margin. 

He then constructed a column for each particular Nrrric Actp. 
acid; thus the table for nitric acid taken from NrEw- — 
TON’s experiments would stand as annexed :-— Fixed alkali. 

GeLLeRT and Limgoure, in 1751 and 1758, ex- acne alkal 
tended and, in some respects, improved these tabular J,o, 

representations of the results of attraction; but no con- ‘Copper. 
siderable progress was made in the investigations con- Lead. 
nected with the subject, until Beraman published his Erenry: 
dissertation upon it in 1775. ated 


*NeEwrton’s Optics, book iii., query + Optics, book iii. 
3l. + Mem., Paris, 1718. 
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Of Bereman’s character-and merits as a chemist, I shall speak — 
afterwards, confining myself at present to the views which he enter- 
tained upon the subject of affinity, or, as he called it, elective attraction*. 

Beroman considered that every substance possessed a peculiar attrac- 
tive force for every other substance with which it combines; a force 
capable of being represented numerically: he regarded decomposition as 
complete; that is, whenever a third body c is added to a compound a, 6, 
for one of the constituents of which it has a stronger attraction than that 
which already exists between them, the compound will be decomposed, 
and the whole of one of its elements transferred to the added body. 
Thus, suppose the attraction of a for b to be represented by J, and of a 
for c by 2, then the addition of c to a 6 will produce the compound a ¢, 
and 6 will be separated. When lime-water is added to nitrate of mag- 
nesia, the latter earth is precipitated, and the former combines with the 
nitric acid. Hence, nitric acid poured upon a mixture of lime and mag- 
nesia, dissolves the former, in preference to the latter earth. 

The observation of these facts led BERe- 


eres . . O> 
MAN to call this kind of attraction eleclive, “geen: tenia 
and he has given tables, showing these re- phe Ae 
lative attractions of bodies in the dry and © Lead. Sulphuric acid. 
humid way. Thus: Copper. Oxalic do. 


Bereman’s opinions relating to affinity rien 2 ; ee oe: 


were generally admitted as correct, till BeR- Tin. Tartare me 

THOLLET published his work on Chemical Gold. Citric do. 

Statics in 1803, in which he endeavoured | 

to revive, under a new aspect, some of the old chemico-mechanical doc- 
trines, and to prove that the forms of the acting particles, and their 
magnitude, or masses of matter, were concerned in influencing the results. 
Though these doctrines may now be considered as disproved, they had 
many advocates, and were gaining ground, until the promulgation of the 
theory of definite proportionals. The experiments adduced by Bur- 
THOLLET in support of his hypothesis, appeared at first very satisfactory; 
but upon minute inspection they have their weak points, and many of the 
errors into which they led have been successfully unravelled by Professor 
Pravr, of Kiel; by Sir H. Davy, and others. In illustration of the 
agency of the mass of matter, BerrHotiet has adduced the mutual action - 
of sulphate of potassa and baryta: when solution of baryta is added to 
sulphate of potassa, potassa is liberated; and sulphate of baryta is formed 
and precipitated insoluble; but if a large quantity of potassa be added to 
a small quantity of sulphate of baryta, the mass will, according to Brr- 
THOLLET, prevail over what appears to be the real chemical affinity, and 
sulphate of potassa will be formed, and baryta evolved. But Sir H. 
Davy pointed out the fallacy to which this experiment is liable, by 
showing that pure potassa does not effect any change upon sulphate of — 
baryta, but that, making the experiment in open vessels, part of the © 
potassa acquires carbonic acid, and then a double affinity is brought into 
aa the bodies present being carbonate of potassa and sulphate of 


* De Attractionibus Electivis, Opus- p 1 
Meee, p 291, p + Elements of Chem. Philos., p. 119. 


‘OF CHEMICAL PHILOSOPHY. 4] 


_ BerrHouter’s notion, that the acting bodies are divided among each 
other in proportions, depending upon’ heir relative masses and attrac- 
tions, has been combated and disproved by Prarr*, who has shown that 
tartrate of lime is completely decomposed, by adding to it a quantity of 
sulphuric acid, exactly sufficient to saturate the lime it contains; and in 
the same way he has shown that oxalate of lead is decomposed, by adding 
sulphuric acid sufficient to saturate the oxide of lead. 

But the establishment of the Atomic Theory, from which we learn 
that bodies combine only in certain definite proportions, has gone further 
to elucidate the important subject of chemical attraction, and to subvert 
former doctrines, than any previous objections or partial experimental 
investigations. In establishing this theory, all the eminent chemists of 
Europe have taken an active part. Its foundation was apparently laid by 
Mr. William Higgins of Dublin, previous to the year 1789; for the 
essential facts, which have subsequently been followed up, and worked 
out by later chemists, are to be found in his Comparative View of the 
Phlogistic and Antiphlogistic Theories. Inthe year 1814, he published 
his Experiments and Observations on the Atomic Theory, to which I may 
also refer the historical reader. 

Between the years 1792 and 1802, Dr. Ricutert, of Berlin, pub- 
lished his Geomelry of the Chemical 1 ve containing a series of 
tables, showing the weight of each base capable of saturating one hun- 
dred parts of each acid; and the weight of each acid capable of saturating 
one hundred of each base. He observed, that in all these tables the 
bases and the acids followed the same order: and further, that the num- 
bers in each table constitute a series having the same ratio to each other 
in all the tables. Thus, supposing in the table of sulphates, one hundred 
parts of acid were saturated by one hundred of soda, two hundred of 
" potassa, and three hundred of baryta; then in the table of nitrates the 
same ratio would hold good, and the soda, potassa, and baryta would ee 
also stand to each other in the relation of one, two, and three. 

Thus was explained why, when two neutral salts decomposed hs 
_ other, the newly formed salts are also neutral; for the same proportion 
of bases that saturate a given weight of one acid, saturate a given weight 
also of all the other acids. Hence numbers may be attached to each acid 
and to each base, indicating the weight of it which will saturate the 
numbers attached to all the other acids and bases. Upon this principle, 
elementary works on chemistry contain tables of the representative or equi- 
valent numbers of bodies; and upon the same principle, Dr. Wor.aston, 
by adapting such table of numbers to a moveable scale, on the principle 
of GunTER’s sliding tule, has constructed the logometric scale of chemical 
equivalents, which is so important and valuable an instrument to the 
y'ractical chemist. 

I cannot enter into further details respecting the researches which 
have established and elucidated this highly important subject, without 
entering into discussions involving the labours of contemporary chemists ; 
and must, therefore, here, merely refer to the investigations of Dalton + 


* Annales de Chimie. LXXVII. - Messkunst Chemischer Elemente. 
+ Anfangsgriinde der Stochiometrie oder: $ New System of Chemical Philosophy. 
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and Gay Lussac* connected with it, and to the details which will be 
found in another part of this work. 


§ VIL. 


BrroreE we proceed with the regular thread of our historical sketch 
which is now carrying us into that eventful period for chemistry, and in- 
deed for the progress of all the sciences, the first half of the eighteenth cen- 
tury, it is requisite rapidly to review some collateral investigations which 
occupied the philosophers of the seventeenth century, and which, though 
not strictly chemical, contributed much to the progress and perfection of 
some of the more difficult and abstruse branches of that department of 
knowledge. 

Of these inquiries it will especially be right to notice such ag relate to 
the phenomena and effects of heat, which, in consequence chiefly of the 
invention of the thermometer, were pursued with a degree of ardour and 
success, highly creditable to the diligence and sagacity of the individuals 
concerned. Among them, Boy1e is entitled to particular praise; and 
though his inquiries are blended with much irrelevant and miscellaneous 
digression, they contain materials amply important and_ interesting; 
materials which paved the way for some of the most eminent achievements 
in chemical science. 

It has been disputed to whom the honour of inventing the thermome- 
ter belongs; some have given it to Cornetius DreBBELt, and some, with 
more plausibility, to Sanrorio{ of Padua. But, when we reflect upon 
the imperfection and comparative uselessness of the instruments attributed 
to those claimants, and when the construction of the thermometer now 
in use may be indisputably referred to the Florentine Academicians, the 
disputes respecting priority become of little importance. Air was first 
used as a means of exhibiting, by its expansion and contraction, the 
alternations of heat and cold; and Van Heumonr has described, with some 
minuteness, several modifications cf the air thermometer§. But however. 
valuable such thermometers may be for particular purposes, they are ren- 
dered extremely inconvenient by the rapid and great dilatability of air by 
moderate changes of temperature: besides which, it is very difficult so 
to construct air thermometers as to agree among themselves in indicating 
the same degree, when applied to bodies of similar temperature. ‘The 
Academicians del Cimento were the first to employ thermometers con- 
structed as we now see them. They used tubes, with a bulb containing 
spirit of wine, and closed so as to exclude the influence of air, and prevent 
the evaporation of the liquid. This thermometer, however, though much 
superior to, and more useful than the old air thermometer, was yet an 
useless instrument, if we speak of it comparatively with those now con- 
structed ; for, there being no fixed point at either extremity of the scale, 
the graduation was arbitrary, and no two instruments, when placed in an 
atmosphere of the same temperature, indicated the same degree of hea‘. 


* Mémoires d’Arcueil, ii. 287 Born at Capo d’Istri i 
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There is some confusion in this part of the history of the thermometer, 
for, though the Florentine Academicians state that their scale generally 
commenced at the temperature of freezing, they represent that point by 
various terms or degrees, unsusceptible of comparison, and say nothing of 
the differing temperature of ice, which may exist at 32°, or any inferior 
degree. In Italy, however, it is most probable that the ice was in a 
thawing state, and therefore about 32° of Fanrenuer’s scale; but all re- 
gisters of the weather, and all enumerations of high and low temperatures, 
are quite unintelligible, as recorded by the experimentalists of that period. 

“The great and truly honourable Mr. Borie” turned his mind with 
much earnestness to the construction of a scale for thermometers, and 
seems to have had it in contemplation to set out with the temperature at 
which water begins to freeze; “ but the objections which he apprehended 
might be made to this method scared him so much,” says Dr. Martine*, 
“that he prosecuted no further this consideration of fixing a standard for 
making and graduating thermometers all in the same way.” Dr, Hatueyt 
observed, that the same thermometer always indicated the same tempe- 
rature in places deep under ground, where neither the heat of summer 
nor the cold of winter seemed to produce any effect ; and Marriorre and 
De 1a Hire had made the same remark upon thermometers placed in the 
caves of the observatory at Paris. But Dr. Marrine, whose authority 
is, in most respects, very exact, gives Dr. Haury the merit of fixing 
upon the boiling point of water as a standard of graduation, which ele- 
vates the quicksilver in the thermometer tube always to a given point, 


under given barometrical pressure ; and the mean pressure of 30 inches of 


mercury is generally understood to be that to which our thermometers 
are graduated. Sir I. Newron employed the freezing and boiling of 


water as fixed points, but he used linseed oil to fill his tubes, a liquid 


inconvenient from its viscidity, and irregularity of expansion. Alcohol 
was first used by the Florentine Academicians, because it is very sensible 
to changes of temperature, and remains clear in the tube; but, since its 
boiling point is much below that of water, it is useless for the measure- 
ment of high temperatures, though, from not freezing, well suited to 
indicate extreme cold. For general conyenience and equability of expan- 
sion, mercury, first used, I believe, by Dr. Hatury, takes precedence of 
all other liquids. It bears nearly a red heat before it boils, and sustains 
the cold of these latitudes without freezing; hence it is the liquid gene- 
rally used for accurate and delicate thermometers. 
The principal thermometric scales in use in Europe are, FAaRENHEIT's, 
which commences at the temperature produced by mixing snow and salt, 
and which is 32° below the freezing of water, so that the latter point is 
marked 32°, and the boiling point 212°, the intermediate space being 
divided into 180°: Reaumur’s, in which the zero is the freezing point, 
and 80° the boiling point : and the Centigrade, in which the space between 
the freezing and boiling of water is divided into 100°, the freezing point 
being 0° and the boiling point of water 100°. , 
- In this country, Fanrenuetr’s scale is in general use; over the greater 
part of Germany, Reaumur’s scale is employed; and in France, the Centz- 


* Essays, Medical and Philosophical. + Phil. Trans., Abi. i, p, 36, 
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grade: it is much to be desired that the subject of a thermometric scale 
should, in the present advanced state of science as regards the doctrine of 
heat, be taken into consideration, and that either the Centigrade (which 
is certainly the least objectionable of those hitherto used) or some analo- 
gous scale should be universally employed. 

There are other circumstances connected with the construction and 
indications of the thermometer, which I reserve for notice till we consider 
the more refined investigations relating to the subject of heat, undertaken 
at a subsequent period: in the meantime we may advert to the discovery 
of a singular property possessed by water, which, as far as concerns the 
influence of heat upon it, distinguishes it from other liquids. This 
anomaly was first observed by the F lorentine Academicians: ‘‘ We know,” 
they say, “that water, in passing into the state of ice, suffers great 
expansion, a fact sufficiently evident from the violence with which various 
yessels are broken and rent asunder during the freezing of water in 
them; but it was not known to us at what particular period of refri- 
geration this expansion occurs; nor could we learn it from our former 
experiments, which were made in vessels of silver, gold, brass, and other 
strong, but opaque materials. We, therefore, now employed glass flasks, 
and observed, that the moment they were immersed in ice, the water in 
ihe neck of the flask was suddenly elevated, that it then began gradu- 
ally to fall, and at length remained for a few moments quite stationary ; — 
then it began again to rise with a slow, but apparently equable progress 


at first, but afterwards sprung up so suddenly, that the eye could scarcely 


29 


follow it*. 


In Bircn’s History of the Royal Society, under the date of the 6th of 
February, 1683, we find some experiments on the freezing of water made 


* The following unaffected narrative 
of this celebrated experiment is very 
different from the usual verbose and 
pompous style of the philosophers of the 
period. 

“Gia sapevamo per innanzi (elo sa 
ognuno) che il freddo da principio opera 
in tutti i liquori ristrignimento, e dimi- 
nuzione di mole, e di cid non solamente 
navevamo la riprova ordinaria dell 
aquarzente de’ 'Termometri, ma n’ave- 
vamo fatta esperienza nell’ acqua, nell’ 
olio, nell’ argentovivo, ed in molt’ altri 
fluidi. Dall’ altro canto sapevamo an- 
cora, che nel passaggio, che fa V acqua 
dall’ esser semplicemente fredda al ri- 
muoversi dalla sua fluidita, e ricever con- 
sistenza, e durezza coll’ agghiacciamento, 
non solo ritorna alla mole, ch’ ell’ aveva 
prima di raffreddarsi, ma trapassa ad una 
maggiore, mentre se le veggon rompere 
vasi di vetro e di metallo con tanta forza. 
Ma qual poi si fosse il periodo di queste 
varie alterazioni, che in essa opera il 
freddo, questo non sapevamo ancora, ne 
era possibiled’arrivarvi con agghiacciarla 
dentro a’ vasi opachi, come quei d’ar- 


gento, d’ottone, e d’oro, ne’ quali s’era 
fin’ allora agghiacciata: Onde per non 
mancare di quella notizia, che parea 
esser l’anima di tutte quest’ esperienze, — 
ricorremmo al cristallo, ed al vetro, spe- 
rando per la transparenza della materia 
d'aver presto add’ assicurarci come la 
cosa andasse, mentre si poteva a clascun 
movimento, che fosse apparso nell’ acqua 


del collo, cavar subito la palla dal’ ghiac- ~ 


cio, e riconoscer in essa quali alterationi 
gli correspondessero. Ma la verita si é, 
che noi stentammo assai pit che non ci 
saremmo mai dati ad intendere, prima 
di poter rinvenire alcuna cosa di certo 
intorno a’ periodi di questi accidenti. E 
per dirne pid distintamente, il successo 
é da sapere, che nella prima immersione, 
che facevamo della palla, subito, ch’ ella 
toccava l’acqua del ghiaccio s’osservava 
nell acqua del collo un piccolo solleva- 
mento, ma assai veloce, dopo il quale 
con moto assai ordinato, e di mezzana 
velocita s’ andava retirando verso la pal- 
la, finché arrivata a un certo grado non 
proseguiva pitt oltre a discendere, ma 
si fermaya quiyi per qualche tempo, a 
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before that body, in consequence of a letter received from Mr. Muscrave, 
of Oxford. ; “ Dr. Crounm said, he had observed water put into a bolt-— 
head rise higher before freezing. Mr. Hooxe attributed this to the 
shrinking of the glass. Dr. C. said, the glass had been long in the cold 
before, and the water rose immediately. Dr. Wauuis proposed that an 
empty glass might be well cooled in a freezing liquor, in order that it 
might have its contraction before the water be put into it. This was done 
immediately by Mr. Hunt, and the water being put into a small bolt-head 
rose in the neck.” Numerous and correct experiments have completely 
established this peculiarity in the freezing of water; other fluids have 
_ their maximum of density just before the freezing point ; water expands 
before it freezes, and consequently water at 36° is lighter than water at 
40°, and floats upon its surface; hence it is, that large masses of water, 
being cooled by the atmosphere upon their surface, only freeze there, and 
the water beneath retains the more congenial temperature of 40°. 

Among the emperiments made by the Accademia del Cimento, we find 
many details independent of those already adverted to, which are at once 
accurate and curious, and especially in that section of their Transactions, 
entitled Experiments relating to Ice. In the sixth experiment of this 
section they notice the effect of various metallic vessels upon the thawing 
_of ice: they found it was longer preserved in lead and tin than in similar 
vessels of brass and of iron; and that it soon thawed in gold, and sooner 
in silver. This enumeration of the metals is in the order of their con- 
ducting power, as ascertained more than a century afterwards by Dr. | 
INGENHOUSZ. 7 

The radiation, reflection, and refraction of heat, are subjects of inquiry 
which also probably engaged much of the attention of the Florentine 
experimentalists, but their published essays contain scarcely any details 
relating tothem. In the ninth experiment, however, of the above quoted 
section, they have given an account of a discovery that afterwards excited 
much discussion, relating to the reflection and radiation of cold. ‘“ We 
were anxious to try if a concave mirror, placed before a mass of ice, 
weighing five hundred pounds, caused any reflection of cold upon a very 
delicate thermometer placed in its focus; and truly it began immediately 
to fall; but in consequence of the vicinity of the ice, it was doubtful 
whether the effect resulted from the direct or from the reflected rays; we, 
therefore, covered the mirror, and whatever was the cause, certain it is 
that the spirit began immediately to rise again. With all this, we do not 
mean positively to affirm that no other cause could have produced such 
_an effect than the absence of the rays reflected from the mirror, for we 
were not careful in adopting all the precautions requisite in such an 
experiment*.” . 


giudizio degli occhi, affatto priva di mo- 
vimento. Poi a poco a poco si vedea 
ricominciare a salire, ma con un moto 
tardissimo, e apparentemente equabile, 
dal quale senz’ alcun proporzionale ac- 
celeramento spiccava in un subito un 
furiosissimo salto, nel qual tempo era 
impossibile tenerle dietro coll’ occhio, 
scorrendo conquell’impeto, per cosi dire, 


in istanti le decine e le decine de’ gradi. 
Esperienze intorno al progresso degli arti- 
jiziali agghiacciamenti, e de’ loro mirabili 
accidenti. Sagei di naturali esperienze 
fatte nell’ accademia Del Cimento.”— 
Firenze, 1691. 

* Saggi, above quoted. See also Wal- 
ler’s Translation of the Essays of the 
Academicians del Cimento, 1684. 
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Muscnenprork, Dr Maran, and others, concluded from these and — 


similar experiments, that cold is not the mere absence of heat, but a 
distinct form of matter possessed of specific properties. Sometimes it 
has been spoken of as a substance of a saline nature, floating in minute 


particles in the air, and occasioning the congelation of water by intruding 


themselves among its particles. Now, although such a conclusion is not 
called for by the phenomena, it has been plausibly conjectured that ice 
and other cold bodies do radiate matter, which is capable of exciting the 
sensation of cold in circumjacent bodies. | 

To get rid, however, of such an hypothesis, it has been suggested that 
the effect of the ice is to disturb the balance of temperature in the sur- 
rounding bodies, and consequently to cause a chasm, as it were, into 
which they tend to pour their excess of heat ; among these is the ther- 
mometer, which consequently indicates cold: but although such an 
explanation might suffice in respect to the mere approximation of the ice 
to the thermometer, it is scarcely applicable to the case of radiation. 

Sir H. Davy says, “the apparent radiation of cold is in harmony 
with the phenomena of the reflection of the solar beams; for if it be 
supposed that rays capable of producing heat emanate from all terrestrial 
bodies, but in quantities greater in some increasing proportion as their 
temperatures are higher, then the introduction of a cold body into the 
fucus of one mirror ought to diminish the temperature of a thermometer 
in the focus of the other, in the same manner as a black body placed in 
one focus would diminish the quantity of light in the other focus; and 
the eye is to the rays producing light, a measure similar to that which the 
thermometer is to rays producing heat *.” _ 

Leste admits that the temperature excited by radiant matter varies 
with its source, and that all substances may be considered as producing 
these emanations. If we approach a heated surface, we feel the radiant 
heat; if the surface be of the same temperature as ordinary circumjacent 


bodies, or of a temperature between 40° and 80°, we feel, perhaps, nothing ~ 


remarkable; yet such a surface does actually radiate matter of its own 
temperature, as shown by approaching it with a cooler thermometer: if 
the surface be of ice or colder materials, we feel upon approaching it the 
sensation of cold, depending upon the emanation of cold radiant matter, 
since it is susceptible of reflection by the mirrors. We are further to 


consider, that the terms heat and cold are merely relative. We may stip-— 


pose that in an atmosphere heated to 400°, boiling water would radiate 
(comparatively speaking) cold; and in the same way ice at 32° would 
radiate heat in an atmosphere very much below the freezing point. To 
Les. we are indebted for an admirable series of researches on the philo- 
sophy of radiant matter, partly contained in his Trealise on Heat, aiid 
partly in other essays, (Suppl. to Encyclop. Brit.) He supports -the 
theory of the radiation of cold by some striking illustrations. 


§ VIII. 


From the preceding details, some idea may be formed of the state of 


, chemistry at the close of the seventeenth century. As an art, we have 


* Elements of Chemical Philosophy, p. 208. 
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seen with what success and diligence it was cultivated by Basi Varen- 
Tins and Giauprr ; and how ably it was pursued as a science by Mavow 
aud Hooxn, To these philosophers, and to a few of their companions, 
we not only owe the materials which were arranged and embodied by 
their earliest successors in the eighteenth century, but we are to ascribe 
also to them the merit of founding scientific chemistry; of laying the 
basis upon which the superstructure of modern chemical science has been 
raised. The importance of multiplied observations and experiments, the 
application of chemical principles to agriculture, and the aid to be derived 
from them in several arts and manufactures, as well as in many depart- 
ments of domestic economy, are to be learned in the writings of GLAuUBER; 
while Basiz Vauenrine and Van Hetmont have shown the necessity of 
studying pharmacy on chemical principles, and have applied, with much 
success, the doctrines learnt in the laboratory, to the preparation of many 
invaluable medicines, which have facilitated the treatment and cure of 
disease; nor were the quackery and eccentricities of PAracrLsus unem- 
ployed in this reformation. In that age, example was more efficacious 
than precept ; and those who witnessed the cures which he performed, 
enlisted under his banner, and were equally vehement with their leader 
in combating the doctrines of the Galenical school of physic, and sub- 
stituting those of the chemical sect. 

If we look at the scientific generalizations of modern chemistry, and 

more especially at the theories of combustion and acidification promul- 
gated by the French school, about the middle of the last century, we find 
them not anticipated merely, but even minutely explained, by Boyne, 
Hooxn, and Mayow, who flourished about one hundred years before 
Lavoisinr ; and Mayow, in his researches into the laws and phenomena 
of chemical affinity, seems to have trodden upon ground which even 
Newton explored as his own. In the history of chemistry, we perceive 
perhaps, more than in any other branch of science, the different roads by 
which the human mind arrives at the same conclusions; but we are not 
therefore to consider those conclusions as unavailing, because anticipated ; 
the very circumstance of attaining them by different means, justifies the 
search ; and he whose investigations disclose new views, and unfold new 
truths, may rest satisfied that he has not laboured in vain, because he 
ultimately arrives where others have been before him. In estimating, 
however, the true merits of chemical discoveries and inventions, and 
more especially in determining the excellence and originality of theories, 
it is requisite to look to their sources, and to examine the steps which 
lead to them, and upon that examination to found our opinion. 
__ The leading feature and important novelty of the science, as influencing 
its progress in the last century, was certainly the discovery of gaseous 
bodies, and the perfection of pneumatic chemistry; without which 
analysis could have made little progress, and, independent of which, all im- 
provement in theory would have been but slow and ineffectual; it was also 
materially, though less directly assisted by those investigations respecting 
the agency of heat, in which Dr. Buacx made himself so eminent. 

Though something is due to Mayow, we must in justice confer the 
merit of founding pneumatic chemistry upon Dr. SrepuEN THALES *, whose 


* Born in Kent, 1677 ; died at Teddington, 1761. 
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researches came before the public very early in the last century. * He | 
refused a canonry of Windsor, that he might continue to devote himself 


to his parochial duties, and favourite scientific pursuits ; and, as piety, 
truth, and virtue, were the principles of his character, he lived in universal 


esteem to the age of eighty-four, dying at Teddington, on the 4th of | 


January, 1761, where he was buried, under the church-tower, which he 


had rebuilt at his own expense.” mane 
Dr. Hates commenced the communication of his researches to the 


Royal Society about the year 1717, and, in 1727, he published his 


Statical Essays, containing an Essay towards a Natural History of — 


Vegetation, of use to those who are curious in the Culture and Improve- 
ment of Gardening : also a Specimen of an Attempt to analyse the Air, by 
a great variety of Chemico-Statical Experiments, which were read at 
several Meetings before the Royal Society. In 1733, a second volume of 
these Essays was published, containing Hemastatics, and Experiments 
on the Stone of the Kidney and Bladder. Of these Essays, it will be 


first necessary to advert to the contents of those relating to the analysis — 


——ee ee 


of the air, a term, by the way, which by no means well applies to the _ 


researches they contain. 

Dr. Haurs employed several methods of collecting and examining the 
gaseous products of a variety of bodies, many of which approach those 
at present in use. Sometimes he placed substances upon a stand, under 
a bell-glass inverted over water; or he employed a flask to contain the 
materials producing aériform matter, over which was placed a bell-glass, 
the whole being confined over water as before. Or where a high tempe- 


rature was required for the production of the gaseous bodies, he used an 


iron retort formed of a bent gun-barrel, and received the air into a vessel 
inverted in a tub of water. In the modification and management of 


these forms of apparatus, he displayed some ingenuity ; but it should be | 


remembered that he was anticipated in the greater number of his con- 
trivances by Mayow, as we have already had occasion to remark. 

_In prosecuting his inquiries by these means, Dr. Hates stumbled 
upon a variety of curious facts and observations; but having unluckily 


predetermined that the various products formed were mere modifications — 


and contaminations of common air, he let slip a numerous series of dis- 


coveries once fairly within his grasp, and which were afterwards eagerly ~ 


amassed and successfully reasoned upon by PrissTtEy and his contem- 
poraries. Thus, Dr. Hairs observed that phosphorus when burned, 
absorbed air, and produced white fumes; but he neglected any examina- 
tion of the product and of the residue. He distilled air from wood, and 
found it fatal to animals; from Newcastle coal he obtained one-third its 
weight of gas; from nitre, one hundred and eighty times its bulk ; and 
from salt of tartar urged by an intense heat, he also procured aériform 
matter ; but in no one instance did he examine these gaseous products 
with the attention that might have been expected from an experimentalist 
so diligent and original. He found that iron filings and oil of vitriol 
produced scarcely any air; but that, upon the addition of water, gas was 
abundantly evolved from such a mixture. Here he obtained hydrogen, 
but instead of stopping to examine its properties, he hastens on to irrele- 
vant observations, and seems always eager rather to multiply experiments 
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_ than to examine their results. Upon the same principle, he accurately 

details the quantity of air generated by distilling hog’s blood, tallow, sal 

" ammoniac, oyster-shells, Indian wheat, pease, mustard-seed, amber, 
tobacco, sugar, bees’ Wax, and gall-stones; and yet, from such numerous 
experiments, he scarcely draws a single inference that deserves to be - 
‘recorded. 

In his experiments on respiration, Dr. Haus obtained results of such 
interest, that one is surprised at the coldness with which he pursued 
them, and the carelessness with which he drops the inquiry. | Finding 
that a given portion of air could only be respired for a given time, and 
that it soon produced oppression and difficulty of breathing, in conse- 
quence, as he says, “of the gross and sulphureous vapours with which it 
becomes loaded,” he endeavoured to discover some substance which, by 
absorbing those vapours, might render respired air more fit for breathing, 
and consequently contribute to its purification in small and crowded 
rooms, and other similar situations. The apparatus which he used in 
these researches was sufficiently ingenious; it consisted of a bag made of 
bladder, with a mouth-piece so supplied with valves as to oblige the air 
breathed into it to traverse its whole length, before it could return to the 
lungs. He found that he could-breathe the air contained in this appa- 
ratus to and fro, for a minute and a half; he then wetted certain dia- 
phragms or partitions of flannel in the bag, with different liquids, and 
found that he was thus enabled to respire the confined air for rather a 
longer time; but having dipped them in a solution of highly calcined 
tartar, he found he could, without much inconvenience, continue the 
breathing for eight minutes and a half. 

It is probable that the air was purified in this instance by the 
absorption of the carbonic acid; or to use Dr. Haus’ language, “of the 
sulphureous gross vapours ;” but, unwilling as he always appears to follow 
up and investigate the new facts, he says, that the effect was perhaps 
owing to the bladder and syphon being entirely dry, or to some unheeded 
passage for the air through the ligatures,—“ neither did I care to ascertain 
the matter by repeated experiments, fearing I might thereby some way 
injure my lungs.” He however weighed the diaphragms, and found that 
they had increased in weight about thirty grains in five minutes, making 
the quantity of matter absorbed by them from the expired air, amount to 
nineteen ounces in twenty-four hours. In other experiments, the author 
notices the purification of air spoiled by the burning of candles and of 
brimstone, by the action of calcined tartar; but he takes no pains to 
inquire into the specific action of the salt, and confounds it with that of 
saline bodies generally. . 

But Dr. Haxes’ researches relating to the motion of sap in vegetables, 
are in agreat measure free from the objections which may be made to his 
other experimental inquiries, and were pursued upon a more regular and 
digested plan. His first object seems to have been to ascertain the 
quantities of matter imbibed or perspired by plants and trees; for this 
purpose he grew a sunflower in soil contained in a tight box, and water- 
ing it with given weights of water, he ascertained the quantity that it 
daily lost by transpiration from the leaves: after stating the extent of sur- 
face of the leaves, he informs us, that its minimum of loss by that chan- 
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nel was sixteen ounces, and its maximum twenty-eight ounces, in a day — 
of twelve hours. To ascertain more particularly the influence of the — 


leaves upon the absorption of water by the root, two branches, one with ~ 
and one without leaves, were put into separate glasses, containing known 
quantities of water. The boughs with leaves absorbed on an average 
from twenty to twenty-five ounces in a day, and were lighter at night 
than in the morning; those without leaves imbibed but one ounce, and 
were heavier in the evening than in the morning. This experiment led 

to the inference, that the ascent of the sap, and the quantity of matter — 
absorbed from the soil, are much influenced by the leaves; “ and accord- 
ingly I observe,” he says, “ that the leaves next adjoining to blossoms 
are in the Spring very much expanded, when the other leaves on barren 
shoots are but beginning to shoot; and that all peach-leaves are pretty 
large before the blossom goes off: and that in apples or pears, the leaves 
are one-third or half-grown before the blossom blows: so provident is — 
Nature in making timely provision for the nourishing of the yet embryo 
fruit.’ A certain degree of dryness of air is requisite to promote the due 
transpiration by the leaves, for when too much moisture hovers about the 
plant, it hinders the kindly action of the leaves, “ whereby,” says Dr. © 
Hass, “the stagnating sap corrupts and breeds mouldy fen, which often 
spoils vast quantities of flourishing hop-grounds. This was the case in 
the year 1723, when ten or fourteen days’ almost continual. rain fell, 
about the latter half of July, after four months’ dry weather; upon which — 
the most flourishing and promising hops were all infected with mould or 
fen in their leaves and fruit, while the then poor and unpromising hops 
escaped and produced plenty, because they being small did not perspire 
so great a quantity as the others.” “This rain on the then warm earth 
made the grass shoot out as fast as if it were in a hot-bed, and the apples 
grew so precipitately, that they were of a very flashy constitution, so as to 
rot more remarkably than has ever been remembered.” 

In the course of his experiments upon‘the transpiration of plants, and 
their absorbing powers, Dr. Hates endeavoured, but always without 
success, to alter the flavour of their fruit by causing them to imbibe 
various perfumes. He placed a vessel upon a divided branch of a tree, 
so that it might absorb any fluid contained in it. Upon filling it with 
camphorated spirit of wine, the whole branch of an apple-tree was killed; — 
but, though the apples hung several weeks afterwards, no alteration of 
taste was perceived in them, though the smell of camphor was strong im 
the leaf-stalks, and all other parts of the dead branch. Different per- 
fumed waters were absorbed by fruit-trees without injuring them, but 
they failed to confer any peculiar flavour on the fruit. . 

If, as Dr. Haxzs’ experiments seemed to show, the transpiration of © 
plants, and the motion of the sap, as well as the absorption fromthe soil, 
depend upon the leaves, it became an interesting question to examine 
these points in evergreens; and he found that they absorbed less and - 
transpired considerably less than other trees: hence, “the cedar of 
Libanus, and the ilex or evergreen oak, grafted on an English oak, and 
on a larch, were verdant all the Winter, though the leaves of the oak and — 


larch decayed, and fell off as usual; the fact being, that evergreens live 
and thrive with very little nourishment.” 3 
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Having proved that trees transpire large quantities of matter, our 
author next endeavoured to collect and examine it: he caused the 
branches and leaves to be enclosed in flasks and retorts; he placed a 
Jarge sun-flower under the head of an alembic, and thus procured “ what 
appeared to be pure water, very slightly tainted by vegetable matter; it 
seemed not to differ, though obtained from different plants.” After some 
observations respecting the moisture and temperature of the earth, Dr. 
Hates proceeds with experiments to determine the force with which trees 
imbibe moisture, and here he obtained some striking results. He exposed 
the roots of a pear-tree, and cut off the end of one, half an inch diameter; 
the stump was cemented into the upper end of a tube twenty-six inches 
long, filled with water, and dipping at its lowest extremity into mercury. 
The root imbibed the water so vigorously, that in six minutes’ time the 
mercury rose eight inches in the tube. This experiment was made in 
August. Another experiment, similarly contrived, in which a large branch 
of the root of an apple-tree was used, the diameter of its transverse section 
being three-fourths of an inch, caused the mercury to ascend five inches 
in half an hour. The oozing of air-bubbles from the cut surface. inter- 
fered with the rise of the fluid in these tubes, but it was observed that 
the mercury rose highest when the sun was clear and warm; towards 
evening it subsided three or four inches, and rose again the next day. 
It also subsided during rain. This experiment was made in May. 
When we consider, says Dr. Haxzs, that the power thus required to raise 
mercury twelve inches, would raise water thirteen feet eight inches, we 
may form some idea of the power exerted by the growing vegetable. 

Dr. Hates was one of the first who noticed the influence of cutting a 
ring of bark off the branch of a tree, (or ringing, as it is now technically 
called,) upon the growth of its fruit and leaves; but instead of attributing 
its effect to an accumulation of sap, the juice being prevented flowing 
downwards in the vessels of the bark, he refers it to a less quantity of 
sap arising, “ whence it is better digested and prepared for the nourish- 
ment of the fruit;” he combats the notion of the sap circulating in trees, 
and imagines that it is often progressive at one time, and retrograde in 
another, in the same vessels. 

Dr. Hats concludes his Vegetable Statics, with an account of some 
experiments to prove that a considerable quantity of air is inspired by 

plants, and with some observations on the growth of seeds and vegetables 
generally. By cementing a branch with its leaves, into a glass tube 
dipped into water, he observed the liquid rise in the tube, in consequence 
of the absorption of the confined air; and on putting a piece of the stem 
of a birch-tree under the receiver of an air-pump, he extracted abundance 
of air-bubbles from it during the exhaustion. He refers the first growth 
of a seed to the absorption of moisture, which swells it, and, as he thinks, 
protrudes nourishment into the radicle, which soon becomes capable of 
absorbing moisture from the soil; the root, he says, by expanding, carries | 
the seed-lobes upwards with the plume, where they expand into leaves, 
which are of such importance to the tender plume, that it perishes on 
their removal; which renders it probable that they do the same office to 
the plume that the leaves adjoining to apples, quimces, and other fruits 
do to them; namely, draw the sap within reach of their attraction. As 
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the tree advances in stature the different lateral branches shoot out, 


52. - ORIGIN AND PROGRESS 


“each lower order being longer than those immediately above them, not 
only on account of primogeniture, but also because, being inserted in 
larger parts of the trunk, and nearer the root, they have the advantage of 


being served with greater plenty of sap; hence arises the beautiful para- 
bolical figure of trees. But when trees stand thick together.in woods or 
groves, this their natural shape is altered, because the. lower lateral 
branches being shaded, they can transpire little, and therefore drawing 
little nourishment, they perish; but the top branches being exposed to a 
free drying air, they transpire plentifully, and thereby. drawing the sap to 
the top, they advance much in height; but if, when such a grove of tall 


_ trees is cut down, there be left here and there a single tree, that tree will 
- then shoot out lateral branches; the leaves of which branches now tran- 


spiring freely, will attract plenty of sap, on which account the top, being 
deprived of its nourishment, usually dies.” ee : 

Such are the leading objects of inquiry which engaged the attention 
of Dr. Haues; and, if we consider the little progress that had been pre- 
viously made in pneumatic chemistry, we must allow that he much pro- 
moted that department of research: in his inquiries into the functions of 
vegetables he was at once original and acute, and laid the foundation of a 
very useful and curious series of investigations, which Dunamen, ANDREW 
Kyicut, and others, have pursued with so much success. Hatus entered 
into some collateral branches of investigation, the results of which are 
given in the Philosophical T ransactions, and are collected in the second 
volume of his Essays; but they are not of such importance as to form any 
prominent feature in a general history of his discoveries. 

When it is recollected that Hates wrote at the commencement of the 
last century, that there were then very few models of scientific composi- 
tion extant that were worth copying, and that a pompous and obscure 
style of writing was prevalent among his experimental contemporaries, 
we cannot but admire the perspicuous and unadorned manner in which he 
details his facts and observations: he has all the merit that in this respect 
belongs to Boyix, without his diffusiveness; and a pleasing vein of sound 
and unaffected morality accompanies his argument, and leads him, whilst 
endeavouring to unveil the mysteries of Nature, to direct our attention 
with becoming modesty to the penury of man’s wisdom, when compared 
with the admirable adjustment of causes and effects discoverable in her 
lowliest works. | we sel 

Contemporary with Hates was the celebrated Hermann Borrwaave of — 
Leyden, a man who laid medicine and chemistry under deep obligations; 
the former by his successful practice and happy method of instruction; the 
latter, by diligently experimenting in some of its most difficult depart- 
ments. “He prosecuted chemistry,” says Dr. Jounson, “with all the 
ardour of a philosopher whose industry was not to be wearied, and whose 
love of truth was too strong to suffer him to acquiesce in the report of 
others.” Borruaave’s original chemical investigations were nearly of 
the same nature as those of Hanns: he experimented upon the gaseous 
products afforded by a variety of vegetable and animal substances; he 
attributed the elasticity of air to its union with fire, and considered its 
ponderable matter as susceptible of chemical combinations. In disclosing 
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these views, he has certainly sketched an outline of one of the modern. 
theories of combustion; but he went no further, and was not more 
successful than Hates, in discriminating between common air and the. 
various gaseous products that resulted from some of his experiments. 
His writings are enumerated in chronological order, in the masterly 
sketch of his life, written by Dr. Jomnson; “they have,” says his bio~ 
grapher, “made all encomiums useless and vain, since no man can at- 
tentively peruse them without admiring the abilities and reverencing the 
virtues of the author.” His only chemical work, entitled Elementa Chemie, 
was first published in 1732. It contains an useful essay on the Histor- 
of the Science*. 


£ 1X 


Tae names of Brack and Beremay, with a host of others, either for- 
gotten, or eclipsed by those eminent philosophers, occur in the division 
of our history at which we have now arrived, and which embraces its 
progress in the interval between the researches of Hauxs and those of 
Priestley. Chemistry now assumed a more important and interesting 
aspect: the facts already collected began to be digested and arranged, and 

active measures were taken to embody the scattered materials that pre- 
sented themselves ; to ascertain their relative value ; to reject those which 
were unimportant or useless; and to select such as deserved to be dignified 

_ with the title of standard authorities. Dr. Buacx’s researches Possess a, 
two-fold interest, for he not merely made important contributions to the 

facts of the science, but also established a new theory, connected with 
one of the most intricate of its subjects, heat. 

Dr. Josrrn: Brack was sprung from a Scottish family, transplanted 
first to Ireland and then to France, where he was born in 1728, on the 


banks of the Garonne. 


*“ Boerhaave was born in December, 
- 1668, at avillage nearLeyden. He died 
in September, 1738. He was an emi- 
nent ornament of medicine, as well as of 
chemical science. His oration upon re- 
signing the office of Governor of the 
University of Leyden has been justly 
eulogized by Johnson. (Life of Boer- 
haave.) “We here declares in the strong- 
- est terms (says his eloquent biographer) 
in favour of experimental knowledge, and 
reflects with just severity upon those 
arrogant philosophers, who are too easily 
disgusted with the slow methods of ob- 
taining true notions by frequent experi- 
ments, and who, possessed with too high 
an opinion of their own abilities, rather 
choose to consult their own imaginations 
than inquire into nature, and are better 
pleased with the charming amusement 
of forming hypotheses than the toilsome 
drudgery of making observations. 

- “The emptiness and uncertainty of 
all those systems, whether venerable for 


When twelve years of age, he was sent for edu- 


ea 


their antiquity, or agreeable for their 


novelty, he has evidently shown; and 
not only de¢lared, but proved, that we 
are entirely ignorant of the principles of 
things, and that all the knowledge we 
have is of such qualities alone as are 
discoverable by experience, or such as 
may be deduced from them by mathe- 
matical demonstration.” 

Boerhaave’s contributions to physic 
were large and valuable. His Elementa 
Chemie, of which a good translation, 
with notes, was edited in 1753 by Dr. 
Shaw, he dedicated to his brother, who 
was intended for the medical profession, 
but went into the church; while Boer- 
haave, who originally studied divinity, 
relinquished it for physic and chemistry. 
Alluding to this circumstance, “ Provi- 
dence,” says he, “has changed our views, 
and consigned you to religious duties, 
while I whose talents were unequal to 
higher objects, am humbly content with 
the profession of physic.” 
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cation to Belfast, and afterwards to the University of Glasgow, where he 
entered upon the study of Physic, under the guidance of that bright : 
ornament of medical science, Dr. Witt1am Conten. In 1750, he re- 
moved to Edinburgh; four years afterwards, he took the degree of Doctor 
of Physic; and, in 1756, published his Experiments on Magnesia, Quick- 
lime, and some other alkaline substances, in the Physical and L[aterary 
Essays. In the same year, Cutten having removed to Edinburgh, Buack’ 
returned to Glasgow, to fill the medical and chemical chair of that Uni- 
versity, where he was received with open arms both. by the classes and 
professors. In 1764, he brought his ideas. respecting the combinations of 
heat with ponderable matter to maturity. Speculations upon this subject 
had occupied his mind during a considerable period, but the difficulties 
of the inquiry, and the time necessarily consumed in other professional 
avocations, had considerably interfered with the pursuit. In 1766, he 
was appointed to the chemical chair of Edinburgh, an office which he 
filled with such talent, industry, and perseverance, as not only drew an 
immense concourse of hearers to his class, but tended to confer upon 
chemistry a degree of popularity and importance, which has been greatly 
conducive to its promotion and extension. “His discourse,” says his 
biographer, Professor Ropison, “ was so plain and perspicuous, his illus- 
trations by experiment so apposite, that his sentiments on any subject 
never could be mistaken; and his instructions were.so clear of all hypo- 
thesis or conjecture, that the hearer rested on his conclusions with a con- | 
fidence scarcely exceeded in matters of his own experience*.” In short, 
Dr. Buack, in his professorial capacity, was entitled to every praise, and 
he contributed most essentially to the foundation and increase of the 
reputation which the University of Edinburgh has acquired and main- 
tained. Nor was his private character at variance with his public excel- 
lence; he was mild, amiable, and fond of conversation, whether serious 
or sportive; and united to the highest philosophical attainments most of 
the elegant accomplishments of life. In his advanced age he often ex- 
pressed a hope that he might not linger in protracted sickness, on account 
of the distress which, in such cases, is suffered by attending friends; and 


* Dr. Black's character as a lecturer 
is given by his friend Professor Robison 
in the following terms :—* He endea- 
voured every year to render his courses 
more plain and familiar, and to illustrate 
them by a greater variety of examples 
in the way of experiments. No man 
could perform these more neatly and 
successfully. They were always inge- 
niously and judiciously contrived, clearly 


establishing the point in view, and never | 


more than sufficed for this purpose. 
‘While he scorned the quackery of a 
showman, the simplicity, neatness, and 
elegance with which they were per- 
formed were truly admirable. Indeed, 
the simplex munditiis stamped every- 
thing that he did. -I think it was the 
unperceived operation of this impression 


that made ‘Dr. Black’s lectures such a 
treat to all his scholars. They were not ~ 
only instructed,. but (they knew not 
how) delighted; and without any effort 
to please, but solely by the natural — 
emanation of a gentle and elegant mind, 
co-operating indeed with a most per- 
spicuous exhibition of his sentiments, 
Dr. Black became a favourite lecturer ; 
and many were induced, by the report 
of his students, to attend his courses, 
without having any particular relish for 
chemical knowledge, but merely in 
order to be pleased. ‘This, however, 
contributed greatly to the extending the 
knowledge of Chemistry, and it became 
a fashionable part of the accomplish- 
ments of a gentleman.”—Preface, p. Li. 
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his death, which happened in his seventy-first year, in November, 1799, 
is on this account the more remarkable. He was taking some milk and 
- water, and haying the cup in his hand, when the last stroke of his pulse 
was to be given, had set it upon his knee, and in this attitude expired 
without the smallest agitation. | 

The writings of Back, though few, are masterpieces of scientific 
composition. Newton was his model, and he was the first who trans- 
ferred into chemistry the severe system of inductive logic, which marks 
the productions of that great master. “In no scientific inquiries, since 
the date of the Principia and Optics, do we find so great a proportion of 
pure ratiocination, founded upon the description of common facts, but 
leading to the most unexpected and important results, as in the two grand 
systems of Brack.” Averse to all hypothesis, and aware of the multi- 
tudinous facts upon which a theory that is to stand firm must be founded, 
Dr. Buack was unwarrantably slow in the formal public disclosure of his 
researches. His tenets were fully and freely delivered to his pupils; but 
he rarely intruded upon the public as an author; and his achievements in 
the philosophy of heat are chiefly developed in his posthumous works. 
This silence, arising out of an overcautious modesty which marked all 
his proceedings, was not favourable to the reputation of Dr. Brack. 
Faulty and incomplete copies of his lectures were circulated among his 
friends and admirers, which afterwards reached the hands of those who de- 
served another name, and by whom they were not very honourably employed. 

When Brack first entered the precincts of chemistry, there was a 
busy and acute controversy respecting the cause of causticity in earths 
and alkalis; it was supposed by Sraut that the conversion of limestone 
into quicklime depended upon its absorbing certain igneous particles; by 
Macqurer*, Mnyrert, and others, the change was referred to an acrid 


offre la Chimie, F[lle tient a celle des 
propriétés alcalines de la chaux, et on 
ne peut guéres espérer de la resoudre, 


* Macquer was born at Paris in 1718, 
and died in 1784. He ranks among the 
most eminent scientific chemists of the 


early part of the eighteenth century ; 
and though involved in the errors of 
the Phlogistic school, he has written 
with much good sense and perspicuity 
on a variety of chemical subjects. His 
most celebrated works are, the Elemens 
de Chimie Théorique, Paris, 1749; and 
Elemens de Chimie Pratique, Paris, 1751. 
He also published a Chemical Dic- 
tionary., The following is all his infor- 
mation respecting the property possessed 
by quicklime of rendering the alkalis 
caustic, After describing the process, 
he observes, “ Le but de cette opération, 
est de réunir avec le sel alcali fixé ce 
que Ja chaux a de salin et d’Acre.”— 
“On le combine avec la partie la plus 
acre, la plus subtile, et la plus saline de 
la chaux.’—‘‘ Nous n’entreprendrons 
point ici d’expliquer pourquoi le sel 
alcali, que l’on combine avec la chaux, 
acquiert une si grande causticité. Cette 
question nous parott une des plus délicates 
et des plus difficiles a resoudre que nous 


que quand on aura acquis sur la nature 
de cette substance, beaucoup plus de 
lumiéres que nous n’en avons a présent.” 
—Elemens de Chimie Pratique, pp. 179,180. 


+ J. F. MErveEr’s Chemische versuche 
zur nahern erkenntniss des ungeloschten 
kalks; der elastischen und electrischen 
Materie, des allerreinsten fewerwesens, 
und der urspriinglichen allgemeinen séure. 
Hanover, 1764. In this dissertation, 
though published subsequently to Black’s 
essay, the causticity of the alkalis and 
lime is referred to the absorption of a 
principle which the author calls Caus- 
ticum, or Acidum pingue. Between the 
years 1760 and 1772, a great variety of 
dissertations were published in Germany 
upon this question, some in support of 
Black’s doctrine, others in favour of 
Meyer’s hypothetical absurdities. See 
GreEn’s Systematisches Handbuch der 
Gesammten Chemie. Halle, 1794. § 437. 
—Observ. Phys. Chem., 1722, _ 
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acid, contracted in the fire; by others, to nondescript saline particles. 


Dr. Buacr’s notice appears to have been drawn to this inquiry, by the 
researches of Horrman* concerning the nature of magnesia: he found 
that when that earth was obtained by adding a mild alkali to solution of 
Epsom salt, it effervesced upon the addition of an acid; but that if 
heated red-hot, it no longer effervesced, and moreover lost considerably 
in weight. The same fact applied equally to lime, and led him to 
believe, that that substance, instead of acquiring its acrimony by the 
absorption of something from the fire, became caustic by the loss or 
expulsion of one of its elements, in consequence of being heated. He 
then distilled some magnesia in a retort; but finding that, though it 
diminished considerably in weight, the only visible loss it sustained was 
a minute portion of water, he conceived the possibility of the escape of 
some gaseous matter ; and, on mixing common magnesia and an acid in 
a proper phial, he collected a considerable quantity of a permanently 
elastic gaseous body: from chalk or limestone, and from the mild alkalis, 
he procured a similar gas, and he termed it fixed air. Whe 


In 1764, Dr. Macsripvg, of Dublin, verified and extended these 


researches; he found that quicklime, after having been exposed to air, 
acquired the property of effervescing, and, consequently, fixed air must 
exist in the atmosphere. He also explained the agency of lime asa 
manure, and introduced some important improvements into the art of 
tanning. , 

In 1765, Dr. Brownrica threw out some curious hints upon the 
same subject: in a communication to the Royal Society, printed in the 
Transactions for that year, he remarks, “that a more intimate acquaint- 
ance with those noxious airs in mines, called damps, might lead to a 
discovery of that subtile principle of mineral waters, known by the name 
of their spzrit; that the mephitic exhalations, termed choak-damp, he 
had found to be a fluid permanently elastic; and that, from various 
experiments, he had reason to conclude that it entered the waters of 
Pyrmont, Spa, and others, imparting to them that pungent taste, whence 
they are called acidulew, and likewise that volatile principle on which 
their virtues chiefly depend ;” and in 1760, Mr. Lane remarked the 
solubility of iron in water impregnated with fixed air. 


I shall again have occasion to revert to the nature and properties of 


fixed air, which engaged much of the attention of Primsrrny, Lavorsimr, 
and other celebrated men, whose labours are yet to be noticed, conse- 
quently we may proceed to Buack’s researches on the subject of heat; 


researches which are more exclusively his own, and in which he has © 


* Hoffman was the most celebrated 


Chemical Physician of the age. He was 
born at Halle in Saxony, in 1660, and 
died in 1742. His writings, which are 
voluminous, are also valuable. In 1749, 
they were eked out by the Genevese 
booksellers into nine folio volumes. The 
following are his leading Essays in Che- 
mistry : Dissertationes de Generatione 
Salium,—De Natura Nitrii—De Cinna- 
bare Antimonii,—De Mirabili Sulphuris 


Antimonii fiaatt efficaciaa—De Mercurio 
et Medicamentis Mercurialibus. Observa- 
tionum  Physico- Chemicarum—Collectio. 
Libri in. a 

Tt MacsripeE’s Eaperimental Essays, 


1764. The merit of this performance — 


induced the University of Glasgow to 
bestow the degree of Dector of Physic 
on the author. Ile was born in the 
aes of Antrim in 1726, and died in 
778. . 
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displayed that acuteness and originality which have given his name go 
high a rank in the annals of chemical science. 

In speaking of the experiments of Boyxn, and of the investigations 
of the Florentine Academicians, two curious circumstances respecting the 
temperature of thawing ice and boiling water were noticed. It was 
stated that ice, during its liquifaction, retained an uniform temperature 
of 32°; and that water, during its ordinary ebullition, never became 
hotter than 212°; hence the use of those fixed points in the graduation 
of thermometers. We have now to examine the views which these 
phenomena suggested to Dr. Back, and the results that followed his 
inquiries into their causes and effects. | 

If a vessel of ice, of any very low temperature, be brought into a 
warm room, or placed near the fire, or over a small steadily burning 
lamp, a thermometer placed in it will gradually rise to 32° in the contact 
of the ice, and not higher, until the whole is melted. Then the tem. 
perature of the ice-cold water will begin to rise, and if the lamp be 
continued under the vessel, it will go on rising till it attains the tem- 
perature of 212°, when it again becomes stationary, and remains so 
during the whole evaporation. It follows, therefore, that heat is concerned 
in producing two series of changes: That its first effect is to thaw the 
ice without elevating the temperature; and that it then raises the ther- 
mometer till ebullition takes place, after which it converts the water into 
vapour, without elevating either its temperature or that of the vapour. 


Hence the following particular heads of inquiry suggested themselves :-— — 
1. As to the absorption of heat during the conversion of solids into 
liquids, and of liquids into vapours. 2. As to the evolution of heat 


during the converse changes; namely, the condensation of vapours, and 
congelation of liquids. 3. As to the quantity of thermometric heat 
absorbed and evolved in these different cases. | 
The disappearance of thermometric or sensible heat alluded to in 
thawing ice, takes place in all corresponding cases of liquifaction; con- 
sequently, if a cold solid be mixed with a given weight of the same 
substance hot, and in a liquid state, the resulting temperature will not be 


_ the mean, as would have been the case if both portions had been in the 


liquid state, but will be considerably below it, a portion of the heat of 
the hotter body having been, as it were, consumed in liquifying the solid, 
without affecting its temperature. Thus equal parts of water at 212° 
and at 32°, give on mixture the mean temperature of 122°, But equal 
parts of water at 212°, and of snow at 32°, give upon mixture a tem- 
perature of 52° only, the excess of heat in this instance being concerned 


in liquifaction, not in elevation of temperature. Dr. Brack considered 


the lost heat as equivalent to about 140° in the case of the liquifaction 
of ice; and among his experiments illustrative of this subject, the 
following may he selected as most relevant and simple :—Two similar 
globular glass vessels were filled with water, which in one was afterwards 
frozen; and in the other cooled as nearly as possible to the same point; 
they were then carried into a room of a temperature of 47°, there being 


- no other difference between them than that the one contained ice and 


the other water. In half an hour the vessel of water had acquired the 
temperature of 40°; but in the other it required ten hours and a half 
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to melt-the ice, and raise the water to 40°. Now, as the access of heat — 
was the same in both cases, and as this was at the rate of 7° in half an 


hour, it follows that in twenty-one half hours, (the time required to 
thaw the ice and elevate the temperature of the water to 40°,) it 
would have received 7. X 21 == 147°. .. The difference, therefore, 
between the increase of temperature in the ice and water vessels, with 
equal accessions of heat, is 140°, which will express the quantity of 
sensible heat rendered latent by the operation of liquifaction. 

As heat is thus required to convert solids into liquids, it follows, that 


in cases of sudden liquifaction cold will ensue; hence its production, 


during the solution of many saline bodies, and hence, too, the explication 
of the theory of freezing mixtures. And as liquifaction is a cooling 
process, so congelation is a process in which heat is evolved. . The 
freezing of large masses of water is actually a heating process to the 
circumjacent air. In the sudden crystallization of some saline solutions 
heat is evolved; and water, under certain circumstances, cooled to eight 
or ten degrees below its freezing point, suddenly rises to 32° upon 
congelation. : 

Having thus perspicuously disposed of the theory of congelation 
and liquifaction, Dr. Brack turned his observation to the phenomena 
attendant on the formation of vapour, and there he was equally happy 
in his inquiries*. 

When water is made to boil, the steam which rises from it is not 
hotter than the water itself, although there be a continuous influx of heat, 
which therefore must become Jatent in the steam ; and consequently steam 


and other vapours-‘may be regarded as compounds of liquids and heat. 
To ascertain the thermometrical expression of the latent heat of 


* When we heat a large quantity of 
a fluid in a vessel, in the ordinary man- 
ner, by setting it on fire, we have an 
opportunity of observing some other 
phenomena which are very instructive. 
The fluid is gradually heated, and at last 
attains that temperature which it cannot 
pass without putting on the form of va- 
pour. In these circumstances, we always 
observe that it is thrown into the violent 
agitation which we call boiling. This 
agitation continues as long as we throw 
in more heat, or any of the fluid remains, 
and its violence is proportional to the 
celerity with which the heat is sup- 
plied. Another peculiarity attends this 
boiling of fluids, which, when first ob- 
served, was thought very surprising. 
However long and violently we boil a 
fluid, we cannot make it in the least 


. hotter than when it began to boil. The 


thermometer always points at the same 
degree, namely, the vaporific point of 
that fluid. Hence the vaporific point of 
fluids is often called their boiling point. 
When these facts and appearances were 
first observed, they seemed surprising, 


and different opinions were formed with 
respect to the causes upon which they 
depend. Some thought that this agita- 
tion was occasioned by that part of the 
heat, which was more than the water 
was capable of receiving, and which 
forced its way through, so as to occasion 
the agitation of boiling; others, again, 
imagined that the agitation proceeded 


q 


—— 


from air, which water is known to con- 


tain, and which is now expelled by the 
heat. Neither of these accounts, how- 
ever, is just or satisfactory; the first is 
repugnant to all our experience in re- 
gard to heat: we have never observed 
it in the form of an expansive fluid like 
air; it pervades all bodies, and cannot 
be confined by any vessel, or any sort of 
matter; whereas, the elastic matter of 
boiling water, can be confined by exter- 
nal pressure, as is evident in the experi- 
ments made with Papin’s digester.” 

This quotation from Biacx’s Lectures 
(vol. i., p. 153) is inserted to show the 
state of the argument respecting the 
phenomena of ebullition previous to his 
researches. 
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steam, Dr. Brack proceeded thus: The time required to elevate a 
quantity of water to its boiling point was carefully noted; the same heat 
was then continued till the whole had evaporated, and the time required 
also noted. Thus, supposing the accession of heat to have gone on above 
212°, in the same ratio as below it, the temperature that the water would 
have acquired was estimated, whence it was inferred that the loss of sen- 
sible or thermometric heat amounted to more than 800°. 

The vast evolution of heat during the condensation of steam now 
admitted of an explanation, and, on estimating the latent heat of steam, 
by condensing a given quantity in a given weight of water, it appeared 
to amount to between 900° and 1000°. 

About the year 1774 it was observed by Cunien* that a thermome- 
ter, moistened with spirit of wine or ether, sinks many degrees during 
the evaporation of those fluids: with ether, the thermometer may be 
made to fall from 60° to 0°. The cause of this is sufficiently explained 
by Buack’s theory; the ether and spirit readily pass into vapour, which 
requires a certain quantity of heat for its production: this is taken from 
the bodies it happens to be in contact with, as from the thermometer, or 
the hand; hence the cold perceived when these fluids are applied to the 
body, and the advantage which results from their application in cases of 
burns and inflammations. These circumstances led CuLLEN to accelerate 
the evaporation of these fluids, by exposing them under the receiver of 
the air-pump: by placing a flask half full of ether in a tumbler of water, 
it was found that, during the process of exhaustion, the evaporation was 


so rapid from the ether in the flask, as to convert part of the surrounding 


water into icet. 


* “The chemistry of Stahl, as it was 
cultivated in Germany, and France, and 
other countries of Europe, scarcely 
aspired beyond the bounds within which 
it had been circumscribed by its original 
_ founder. A few important facts, indeed, 
were added, but they were either con- 
nected with medical preparations, or 
attracted attention solely as objects of 
curiosity. The great and tempting field 
of Philosophical Chemistry lay unex- 
plored, when it was-entered upon with 
ardour by Dr. Cullen, who first perceived 
its value, and whose genius and industry, 
had they not been turned into another 
channel, would, in all probability, have 
been crowned with the richest disco- 
veries. But, though Dr. Cullen soon 
abandoned his chemical pursuits for 
those. of medicine, he was. fortunate 
enough to have initiated into the science 
a man whose discoveries formed an era 
in chemistry, and who first struck out a 
new and brilliant path, which was after- 
wards fully laid open, and traversed with 
so much eclat by the British philoso- 
phers who followed his career. This 
fortunate pupil of Dr. Cu'lea was Dr. 


degree of volatility in each. 


Joseph Black.’—Tuomson, History of 
the Royal Society, p. 468. 

Dr. Cullen’s fame as a promoter of 
chemistry has been lost.in his greater 
celebrity as a teacher of” medicine. 
“ Chemistry,” says his biographer, Dr. 
Anderson, “ which was, before his time, 
a most disgusting pursuit, was, by him, 
rendered a study so pleasing, so easy, 
and so attractive, that it is now pursued 
by numbers as an agreeable recreation, 
who, but for the lights that were thrown 
upon it by Cullen and his pupils, would 
san have thought of engaging in it at 
all.” 

Cullen was born in Lanarkshire, in 
1712, and died at Edinburgh in 1790. 

+ Dr. Cullen’s paper is published in 
the Physical and Literary Essays and 
Observations, Edinburgh, 1756, vol. ii. It 
contains the details of many interesting 
experiments upon the production of cold, 
and he considers the power of fluids in 
this respect as nearly according to the 
Spbtct0 
this,” says he, “we join the considera- 
tion that the cold is made greater by 
whatever hastens the evaporation, and 
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The cause of the cold thus produced by evaporation now therefore — 


became apparent, since no vapour can be in any instance formed without 
a proportionate absorption, or disappearance, of heat; and the theory of 
cooling by evaporation from surfaces, as in wine and water coolers com- 
posed of porous materials, and of cooling by the affusion of spirit of wine, 
ether, and other rapidly evaporating substances, became at once evident. 
Lxsiix’s experiment on the production of ice by the evaporation of water 
in vacuo, and Wo.uaston’s Cryophorus, beautifully illustrate these views, 
but it would require much more extensive consideration than we can here 
afford, to trace all the bearings of the highly important investigations in 
which the name of Brack is concerned. ‘There is, however, one subject 
connected with them, upon which it would be improper not to offer one 
or two remarks: Dr. Buack, in his published Letters, has said, “I have 
the pleasure of thinking, that the knowledge we have acquired concerning 
the nature of elastic vapour, in consequence of my fortunate observation 
of what happens in its formation and condensation, has contributed in no 
inconsiderable degree, to the public good, by suggesting to my friend 
Mr, Warr* of Birmingham, then of Glasgow, his improvements on this 
engine:” meaning the steam-engine, of which he is then speaking. We 
are not, however, to conclude from these lines that Dr. Buack meant to 


assume any of the merit which exclusively and justly belongs to Mr. » 


Warr; for in the context, he gives him all praise for the originality of 
his invention; and, in his private correspondence, recommends him par- 
ticularly to assert, clearly and fully, his sole right to the honour of the 
improvements of the steam-engine; and, further, in a written testimonial 


given by Dr. Brack to Mr. Wart, on the occasion of a trial. at law in 


1797, connected with a piracy of one of his inventions, after giving a 
brief account of it, he adds, “Mr. Warr was the sole inventor of the 


capital improvement and contrivance above-mentionedt.” 


particularly that the sinking of the ther- 
mometer is greater, as the air in which 
the experiment is made is warmer, if 
dry at the same time, I think we may 
now conclude that the cold produced is the 
effect of evaporation.” 

* The celebrated James Watt was 
born at Greenock, on the 19th of 
January, 1736; and died on the 25th of 
August, 1819, at Heathfield, near Bir- 
mingham, in the 84th year of his age. 

“+; This may be the proper place to 
show in what way the views of Dr. 
Buacx’s Theory of Latent Heat are con- 


_ nected with the improvements of the 


steam-engine, a subject upon which I 
must necessarily be brief, as only in part 
belonging to the object of this history. 
The Marquess of Worcester is commonly 
regarded as the inventor of the steam- 
engine, but his claims are not well au- 


‘thenticated. It is true, that, among the 


Utopian schemes to be found in his 
Century of Inventions, there is a dark 


description of a method of raising water 
by steam; but we can scarcely see how 
this was effected, nor are there any data 
recorded of the success of the contriv- 
ance. Be this as it may, he who barely 


and obscurely hints the possibility of an _ 


undertaking, cannot be regarded as fore- 
stalling him who successfully carries it 
into execution; and the first person 
who, upon decided evidence, constructed 
an engine for raising water by the alter- 
nate force and condensation of steam, 
was Captain Savary,—who also published 
an account of his invention in a small 
tract called the Miner’s Friend. 'To en- 


ter into a description of this instrument 7 


would be irrelative to my present pur- 
pose; I, therefore, pass on to. that of 
Newcomen, who, in 1705, obtained a 


‘patent for an improved steam-engine. 


It consisted of a boiler, having a cylinder 
placed upon it, in which was a solid 
plunger, connected by its rod with a 
beam and lifting-pump. The plunger 
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Wartr'’s capital improvement, above alluded to, consisted chiefly in 
condensing in a separate vessel, and was adopted before he had any clear 
notion of Dr. Buacx’s investigations; or at least the main experiments 
upon which this improvement hinged were previously undertaken. 


was elevated by the elastic force of steam 
admitted from the boiler. The steam- 
cock being closed, a small stream of cold 
water was suffered to run into the cylin- 
_ der, by which the steam was condensed ; 
‘the pressure of the atmosphere then 
acting upon the surface of the plunger, 
forced it to the bottom of the cylinder, 
whence it was again raised by the re- 
admission of steam, and so on. In 1717, 
Mr. Henry Beighton became an improver 
of the steam-engine; he was probably 
the first who caused the steam-cock to 
be opened and shut by the machinery ; 
for a man was obliged to attend Newco- 
men’s engine for this express purpose. 
A few other improvements were made 
by different persons, but they did not 
affect the general action of the engine; 
the steam was alternately admitted into, 
and condensed in the main cylinder ; and 
although defects in its power had been 
noticed, their cause was unknown until 
1765, when, happily for the prosperity 
of the arts and manufactures of this 
country, the subject engaged the keen 
ingenuity of Mr. Watt. The model 
of a Newcomen’s engine fell into his 
hands to be repaired, and in this he pre- 
sently observed the immense loss of 
steam occasioned by its admission into 
the cylinder just cooled for condensation; 
indeed, he went so far as to ascertain, by 
experiment, that half the steam of the 
boiler was thus lost. For, having con- 
structed a boiler which showed the 
quantity of steam expended at every 
stroke of the engine, he found that. it 
many times exceeded that which was 
sufficient to fill the cylinder. But the 
circumstance that excited his greatest 
Surprise was, that the injection water 
gained infinitely more heat than if a 
quantity of boiling water, equal to that 
required to form the steam, had been 
added to it. It was probably in this 
dilemma that he consulted Dr. Black; 
and the explanation of the difficulty will 
be obvious from the facts detailed in the 
text. To avail, himself, therefore, of 
the whole power of the steam, it became 
absolutely necessary to keep up the tem- 
perature of the cylinder constantly at 
the boiling point of water; this he was 
enabled to attain, by connecting With it 


another vessel exhausted of air, and, im- 
mersed in cold water, into which, when 
communicated with the cylinder, the 
steam, being an elastic fluid, instantly 
rushes and is condensed ; and, on closing 
its connexion .with the cylinder, the 
steam again admitted there now operates 
with full force, and suffers no further 
condensation. To carry off the water 
from the second vessel, which he calls 
the condenser, and to perpetuate the va- 
cuum, Mr. Watt attached to it a pump, 
by which both the air and condensed 


water are removed. The engine thus: 


altered produced the same power as one 
of equal dimensions on Newcomen’s 
plan, with rather less than one third the 
quantity of steam ; hence was a consider- 
able hindrance to the use of the engine 
materially diminished, namely, the ex- 
pense of fuel. 

But great as was this improvement, 
it forms a small part of the successful 
achievements of Mr. Watt in this de- 
partment of mechanics; he amended 
the apparatus for boring the cylinders, 
and improved every part of the working 
gear of the engine; and he infinitely 
extended its applications and utility, by 
applying the power of steam to produce 
motion round an axis; but their enume- 
ration would lead me out of the bounds 
of chemistry. I, therefore, hasten to the 
invention which may be said to have 
perfected the steam-engine. Steam had 
hitherto only been used to force the pis- 
ton down,—it was returned by a weight’ 
attached to the other end of the beam. 
Mr. Watt, in 1782, constructed an en- 
gine in which steam was used to elevate 
as well as to depress the piston, an al- 
ternate vacuum being formed above and 
below it, by the condenser, as before. 
An engine upon this plan, executed at 
Mr. Watt’s manufactory, at Soho, near 
Birmingham, was first employed at the 
Albion Mills, near Blackfriar’s-bridge, 
London, in 1788. 

An excellent sketch of the history of 
the steam-engine will be found in the 
Edinburgh Review, vol. xiii. p. 311, and 
some valuable additions to the biography 
of Watt and the history of his disco. 
veries are contained in the Eloge of M. 


ARAGO, 


yt PO eee . 
Pane” } - oe eh 7 Se or, 
ey ri 4 ae 


62 “ORIGIN AND. PROGRESS 


It must be observed here, that Mr. Warr made a variety of curious 
investigations upon the subject of steam, and of the capacity of bodies for 
heat (a subject first inquired into by Dr. Brack, in 1762), in themselves 
highly important: but these, and his other mechanical and chemical 
researches, have been obscured by the magnitude of his inventions and 
discoveries more immediately connected with the perfection of the steam- 

engine. : 

If the suspicion of jealousy, of want of candour, or of any deviation 
from the strictest veracity, could, by any possibility, attach to either of 
the philosophers whose labours we have been adverting to, it might be 
worth entering into such details as would more distinctly unfold their 
respective claims; as it is, however, I trust the short allusion made to the 
subject, while it places the assertions of the one in their proper light, 
will sufficiently vindicate the exalted merit and indisputable originality of 
the other. 

To Mr. War's character, in relation to the public, and as a private 
individual, it is more than difficult to do justice, for the combined elo- 
quence of the different writers who have attempted it has only feebly 
depicted the influence of his talents upon the state of society; and still 
less has it succeeded in the more difficult portraiture of the man, _ 
occupied in the ordinary duties of life, and in the intercourse of 
social converse. Such, at least, is my impression upon looking over 
the different biographical sketches that have lately appeared. I con- 
sider myself as highly fortunate in having occasionally enjoyed the 
society, and profited by the information of one who was so eminent 
a benefactor to his country. “He was a man,” says Sir WALTER 
Scorr, “ whose genius discovered the means of multiplying our national — 
resources to a degree, perhaps even beyond his own stupendous powers of 
calculation and combination; bringing the treasures of the abyss to the 
surface of the earth; giving the feeble arm of man the momentum of an 
Afrite; commanding manufactures to arise, as the rod of the Prophet 
produced water in the desert; affording the means of dispensing with that 
time and tide which wait for no man, and of sailing without that wind 
which defied the commands and threats of Xerxes himself. This potent 
commander of the elements,—this abridger of time and space,—this 
magician, whose cloudy machinery has produced a change on the world, the 
effects of which, extraordinary as they are, are perhaps only now begin- 
ing to he felt, was not only the most profound man of science, the most 
successful combiner of powers and calculator of numbers, as adapted to — 
practical purposes; was not only one of the most generally well-informed, 
but one of the best and kindest of human beings. In his eighty-fourth 
year his attention was at every one’s question, his information at every 
one’s command.” “ No individual in his age,’ says another, and equally able 
writer, “possessed more varied and exact information. He had infinite 
quickness of apprehension, a prodigious memory, and a certain rectifying | 
and methodizing power of understanding, which extracted something 
precious out of all that was presented to it. His stores of miscellaneous 
knowledge were immense, and yet, less astonishing than the command he 
had over them. His conversation had all the charms of familiarity, with — 
all the substantial treasures of knowledge. With this philosophical 
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excellence of character, be it never forgotten that Mr. Watr conjoined 
‘the higher duties and more exalted attributes of sincere, but unaffected 
piety. Expressing his gratitude to Providence for that length of days 
and exemption from infirmity which rendered the evening of his life 
cheerful and serene, he yielded up his soul in the calmest tranquillity, 
and passed, without pang or struggle, from the bosom of his family to 
that of his God!” . 


bes 


Ir is not perfectly in chronological order, to proceed in the present 
Section to the discoveries of Dr. Prirstiry™, and yet they are so numerous . 
and important, that it will be difficult to continue the history of chemistry 
up to his time, without allusion to their objects and results. I shall, 
therefore, endeavour to give the reader some. insight into the nature and 
bearings of his inquiries. | 

PRIEsTLEY’s entire force was directed upon Pneumatic Chemistry. 
We have seen what may be termed the materials for the foundation of 
this branch of knowledge, in the works of Mayow and Hooxe; it was 
pursued, as we have also found, with much diligence, but, unfortunately, 
in rather a desultory style, by Hates; Prirstiny directed his attention 
to it with a degree of activity and skill peculiarly his own; and, in the 
number of his discoveries, left his contemporaries far in the back-ground, 
while he certainly rivalled them in their interest and importance; and 
this is the more surprising, when we reflect that his philosophical studies 
seem generally to have been considered as subordinate to more severe 
and serious occupations. He first turned his attention to chemistry 
about 1768; he used to amuse himself with experiments on fixed air 
and artificial mineral waters, and one experiment, as he says, leading to 
another, he soon collected those materials which he laid before the Royal 
Society in 1772, under the title of Observations on different Kinds of 
Air. With what zeal and success he prosecuted this subject, will be seen 
in the sequel. 

The apparatus which is now used in the chemistry of gaseous bodies, 
is almost entirely of Priestiey’s invention. The water-trough, with 
its sliding shelves and moveable supports for inverted jars; the methods 
of subjecting animals and plants to the action of different kinds of air; 
the mercurio-pneumatic apparatus for collecting gases absorbable by water; 
the means of measuring and weighing gases, and of subjecting them to 
the action of electricity, are only a few of the contrivances for which we 
are principally indebted to PriestLEy; many others, employed by Mayow 
and Hates, were by him perfected or improved. 

In his earliest experiments on fixed air, and on air tainted by com- 
bustion and respiration, Dr. Prresttry has announced many highly 
interesting and new facts; but the discovery which takes precedenee of the 
others, and upon which his fame has been chiefly, though not quite justly, 
founded, is that of Oxygen Gas, or, as he termed it, Dephlogisticated 
Air. I say not quite justly, because its brilliancy and importance have 

been suffered to overshadow many of his other original investigations, of 


* Born at Fieldhead, near Leeds, 1733; died in Pennsylvania, 1804, 
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which we hear but little, though their aggregate influence upon the sub- 


fact is, that Primstuey having opened, as it were, a new and rich mine 
in the science, found therein such abundance of treasure, that he was able 
to do little more than bring it to the surface, where it was soon pillaged 
and carried off. (te 
 Dephlogisticated Air was discovered by Dr. Prizsrrzy on the Ist of 
August, 1774; the method of experimenting which he adopted, con- 
sisted in exposing a quantity of Red Precipitate of Mercury to the action 
of the sun’s rays concentrated by a burning lens; the red precipitate was 
contained in a small flask, filled up with quicksilver, and inverted in a 


basin of the same metal. “I presently found,” he says, “that by means _ 
of this lens air was expelled from it very readily. Having got several — 


times as much as the bulk of my materials, I admitted water to it, and 
found that it was not imbibed by it. But what surprised me more than 
I can well express, was, that a candle burned in this air with a remark- 
able vigorous flame, very much like that enlarged flame with which a 
candle burns in nitrous air exposed to iron or liver of sulphur; but, as I 
got nothing like this remarkable appearance from any kind of air besides 
this particular modification of nitrous air, and I knew no nitrous acid was 
used in the preparation of the mercurius calcinatus, I was utterly at a 
loss how to account for it*.” Red Lead, and several other substances, 
among which is enumerated Nitre, are also shown by our author to 
afford oxygen at a red heat; and here we may revert to the sagacity 
displayed by Hooxe in his notions already quoted, respecting the consti- 
tution of that salt, and its nitro-aérial particles; and remind the reader 
how remarkably his surmises have been verified by Primstney; for, upon 
turning to those pages of the Micrographia, in which the theory of com- 
bustion is explained, we cannot but admire the penetration with which 
the presence of a body possessing the qualities of oxygen is anticipated, 
though the experimental demonstration of its existence was not achieved 
till the middle of the succeeding century. To Mayow we might pay a 
similar tribute of applause; but, in canvassing the discoveries of Lavot- 
strR and his associates, a more favourable opportunity will offer of 
placing these matters in their true light. 


The “nitrous air exposed to iron,” alluded to in. the preceding ~ 


paragraph, is the gas now called Nitrous Oxide, which Prrestipy also 
discovered, though he but imperfectly investigated its properties. 
The next remarkable circumstance adverted to by our author in 


> 


* The following paragraph, with which 
Dr. Priestley prefaces his account of the 
discovery of Dephlogisticated Air, pre- 
sents a picture of his mind in regard to 
the origin of his own researches. 

“The contents of this section will fur- 
nish a very striking illustration of the 
truth of a remark which I have more 
than once made in my philosophical 
writings, and which can hardly be too 
often repeated, as it tends greatly to 
encourage philosophical investigations ; 
viz., that more is owing to what we call | 


chance, that is, philosophically speaking, 
to the observation of events arising from 
unknown causes, than to any proper de- 
sign or preconceived theory in this busi- 
ness. This does not appear in the works 


of those who write synthetically wpon 


these subjects, but would, I doubt not, 
appear very strikingly in those who are 
the most celebrated for their philosophi- 
cal acumen, did they write analytically 
and ingenuously.” 
ii., p. 103.) 


(Exp. and Obs., vol. « 


sequent progress of chemistry was most direct and important; but the 


a Nate era) 


Ss ae 


OF CHEMICAL PHILOSOPHY. 65 


respect to dephlogisticated air, is its action upon nitrous gas, mixed with 
which, “it occasioned a much more considerable diminution than atmo- 
spheric air;” and, as the fitness of air for respiration appeared connected 
with the absorption thus produced, it was inferred that it would support 
respiration, an inference which the Doctor soon verified by placing a 
mouse in a jar of the dephlogisticated air, in which it lived half an hour, 
though, by previous trials, he knew that it would only live a quarter of 
an hour in the samé bulk of atmospheric air. 

- In the observations connected with these experiments, PrinstLEy 
enters pretty much at length into the theory of the production of dephlo- 
gisticated air; but I shall not follow him into these views, as they are 
not very consistent with facts, nor even plausibly applied to them: he 
hints, however, at several useful applications of oxygen, and especially 
recommends it for the production of intense heat, by directing a small 
jet of it upon a piece of burning charcoal. 

Among the many and ingenious investigations of this Philosopher, 
none have produced more pleasing subjects of inquiry than those relating 
to the influence of vegetation upon air contaminated by combustion, 
respiration, and the putrefaction of animal matter. Finding that air was 
not spoiled by the growth of a sprig of mint kept in it for some months, 
he thought it possible that the process of vegetation might restore the 
air injured by burning candles; and, accordingly, on the 17th of August, 
1771, he put a sprig of mint into air in which a wax candle had burned 
out, and, on the 27th of the same month, found that another candle 
burned perfectly well in it; and then, to werify the conclusion, he divided 
the injured air into two separate portions, putting the plant into one of 
them, and merely leaving the other standing over water; he never failed 
to find that a candle would burn in the former, but not in the latter. 
“This restoration of air,” says Prrestiny, “I found depended upon the 
vegetating state of the plant; for though I kept a great number of the 
fresh leaves of mint in a small quantity of air in which candles had burned 
out, and changed them frequently for a long space of time, I could 
perceive no melioration in the state of the air. This remarkable effect 
does not depend upon anything peculiar to mint, for I found a quantity 
of this kind of air to be perfectly restored by sprigs of balm.” Groundsel, 
spinach, and some other plants, were used with like effect, to show that 
it did not depend upon aromatic effluvia. In Dr. Priestiey’s Observations 
on Air infected with Animal Respiration and Putrefaction, a multitude 
of other facts are adduced to demonstrate its renovation when exposed to 
growing vegetables, and he is thus led to the following general remarks 
upon the subject :—“ These proofs of a partial restoration of air by plants 
in a state of vegetation, though in a confined and unnatural situation, 
cannot but render it highly probable, that the injury which is continually 
done to the atmosphere by the respiration of such a number of animals, 
and the putrefaction of such masses of both vegetable and animal matter, 
is, in part at least, repaired by the vegetable creation; and notwithstanding 
the prodigious mass of air that is corrupted daily by the above-mentioned 
causes, yet, if we consider the immense profusion of vegetables upon the 
face of the earth, growing in places suited to their nature, and, conse- 
quently, at full liberty to exert all their powers, both inhaling and 
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exhaling, it can hardly be thought but that it may be a sufficient counter- 
balance to it, and that the remedy is adequate to theevil™.” re 
In the year 1778 Dr. PrimsTLey resumed this investigation, and 
verified his main conclusions by new and satisfactory experiments; he 
found, however, that it was necessary for their success that the plants 
should be in a state of healthy and natural vegetation, and that all plants 
were not equally efficacious, some indeed appearing rather to deteriorate 
than improve the contaminated atmosphere. About this time, too, he 
made the capital discovery of the evolution of oxygen by aquatic plants, 
growing in water containing carbonic acid; that the presence of light was 
necessary to this change; that in sunshine it was most rapid; that it was — 
in great measure independent of warmth; and, lastly, that the bladders of 
some kinds of sea-weed (fucus vesiculosus), often contained air purer 
than the atmosphere. The renovation of the air contained in water, 
requisite for the respiration of fishes, was thus accounted for; and the 
circumstance of fishes and most other aquatic animals being unable to 
live for any time in pure water, though exposed to air, satisfactorily 
explained. , : 
By his contrivance of receiving gaseous fluids over quicksilver, 
Prirst.ey was able to collect and examine a number of new aériform 
products, absorbable by water; and in these inquiries he was eminently 
successful. CAVENDISH, in endeavouring to get inflammable air from a 
mixture of copper and spirit of salt, obtained one that lost its elasticity 
on the contact of water. “I was exceedingly desirous,” says PrimsTLey, 
“to become acquainted with it, and therefore began by making the expe- 
riment in quicksilver, which I never failed to do in any case when I 
suspected that air might either be absorbed by water, or in any other 
manner affected by it: and, by this means, I presently got a much more 
distinct idea of the nature and effects of this curious solution.” He then 
goes on to show that this singular gas is derived from the acid, that it is 
very absorbable by water, and that common Spirit of Salt is in fact an 
aqueous solution of it. His next discovery in this department was that 
of an alkaline air from a mixture of lime and sal-ammoniac; it also- 
was absorbed by water forming “volatile spirit of sal-ammoniac, much 
stronger than that procured by any other means.” He now thought that 
by adding the acid to the alkaline air, he might possibly produce a neutral 
air, but immediate condensation ensued, and sal-ammoniac was deposited. 
What is now termed Sulphurous Acid, (or by Priestiny Vitriolic Acid 
Air,) he also discovered; he obtained it in various ways, but chiefly by 
heating mercury with oil of vitriol; he examined many ofits combinations, 
and inquired into its action upon a variety of bodiest. 
* PriestLEY on Air, vol. i. p. 93, | air, thinking that it would probably be 


3rd edition, 1781. ; easy to confine it by quicksilver, for, as 
+ The notice of this discovery enables | to the nitrous acid, its affinity with quick 


me, by the insertion of the following ex- 
tract from his History ef Vitriolic Acid 
Air, to show the candour and exactness 
with which he acknowledges the hints, 
assistance, and discoveries of others :— 
“My first scheme was to endeavour 
to get the vitriolic ‘acid in the form of 


silver is so great that I despaired of being ~ 
able to confine it to any purpose. I, 
therefore, wrote to my friend Mr. Lane 
to procure me a quantity of volatile 
vitriolic acid,” &c. “Seeing Mr. Lane 
the winter following, he told me, that if 
I would only heat any oily or greasy — 
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Ihave now enumerated the principal discoveries which Pristiry 
may claim as original; and, in importance, they are second to none that 
had been previously made, and barely inferior to those that have adorned 
the later progress of chemistry. We can scarcely call him the founder of 
Pneumatic Chemistry, after perusing the works of Hates and Buack ; but 
he achieved more in that new department of the science than any of his 
predecessors or contemporaries; and though on some points anticipated, 
his claims to originality are on others quite unequivocal. - He cannot be 
called the discoverer of Nitrous Gas, for it is noticed by Mayow; yet he 
developed its principal properties, pointed out its useful eudiometrical 
applications, and showed many new modes of obtaining it. He has been 
stigmatized as a defender of the unintelligible system of phlogiston; and 
he did defend it with unpardonable pertinacity*; but when we reflect 
that equally erroneous theories have been as warmly espoused in our own 


matter with oil of vitriol, I should cer- 
tainly make the very thing I wanted, 
viz., the volatile or sulphureous vitriolic 
acid; and, accordingly I meant to have 
proceeded upon this hint, but was pre- 
vented from pursuing it by a variety of 
engagements. 

“Some time after this I was in com- 
pany with Lord Shelburne, at the seat 

of Mons. Trudaine, at Montigny, in 
France; where, with that generous and 
liberal spirit by which that nobleman is 
distinguished, he has a complete appa- 
ratus of philosophical instruments, with 
every other convenience and assistance 
for pursuing such philosophical inquiries 
as any ofhis numerous guests shall choose 
to entertain themselves with. In this 
agreeable retreat, I met with that emi- 
nent philosopher and chemist, Monsieur 
Montigni, Member of the Royal Acade- 
my of Sciences; and conversing with 
him upon the subject, he proposed our 
trying to convert oil of vitriol into va- 
pour, by boiling it on a pan of charcoal 
in a cracked phial. This scheme not 
answering our purpose, he next proposed 
heating it together with oil of turpentine. 
According, we went to work upon it, and 
soon produced some kind of air, confined 
with quicksilver ; but our recipient being 
overturned by the suddenness of the 
production of the air, we were not able 
to catch any more than the first produce, 
which was little else than the common 
air which had lodged on the surface of 
the liquor, and which appeared to be a 
little phlogisticated by its not being much 
affected by a mixture of nitrous air.” 

* Dr. Priestley’s last publication is a 
tract, which appeared after his retire- 
ment to America, in 1800. It is entitled 
The Doctrine of Phlogiston established, and 


that of the Composition of Water refuted. 
It contains a variety of miscellaneous 
observations on the phlogistic and anti- 
phlogistic theories, but it would be use« 
less to follow the author into his unsub« 
stantial speculations on these subjects. 
He has, however, thrown out some im- 
portant considerations relating to his 
claims of originality as the discoverer of 
dephlogisticated air. The following pa- 
ragraph appears of sufficient interest 
to be transcribed :—* Now that I am on 
the subject of the right of discoveries, I 
will, as the Spaniards say, leave no ink 
of this kind in my inkhorn; hoping it 
will be the last time that I shall have 
any occasion to trouble the public about 
it. M. Lavoisier says (Elements of Che- 
mistry, English translation, p. 36), ‘this 
species of air (meaning dephlogisticated) 
was discovered almost at the same time 
by Mr. Priestley, Mr. Scheele, and 
myself.” The case was this:—Having 
made the discovery some time before I 
was in Paris in 1774, I mentioned it at 
the table of M. Lavoisier, when most of 
the philosophical people in the city were 
present; saying, that it was a kind of air 
in which a candle burned much better 
than in common air, but I had not then 
given it any name. At this all the com- 
pany, and M. and Madame Lavoisier as 
much as any, expressed great surprise ; 
I told them I had gotten it from preci- 
pitate per se, and also from red lead, 
Speaking French very imperfectly, and 
being little acquainted with the terms of 
chemistry, I said plomd rouge, which was 
not understood till M. Macquer said, ‘I 
must mean minium.? Mr. Scheele’s dis- 
covery was certainly independent of 
mine, though I believe not made quite 
so early.” P. 88, 
F 2 


> 


days by men who in no respect are to be considered as inferior to our 
author, we must not impeach his discernment upon so flimsy an accusa- 
tion. When we consider his numerous, and as it were, incompatible 
occupations; and remember the many channels into which his exertions — 
were occasionally directed, we presently detect the source of that wavering 
of opinion and unsteadiness of research which his philosophical pursuits 
display. His experiments were almost always submitted to the public in 
a crude and undigested form, for he had no time to build them into 
theories, or to concoct them into generalizations; and it is perhaps as well 
that he had not, for the bent of his mind was evidently such as to shine in 
experiment rather than argument. : si, 

The constitution of the atmosphere was one of the many inquiries 
which engaged PriestuEy’s diligence*. In 1772, Dr. RuTHERFORD 
demonstrated the existence of a peculiar elastic fluid in atmospheric air, 
differing from fixed or mephitic air, and yet, like it, extinguishing flame, 
and unfit for respirationt. This component part of the atmosphere was, 
by PriestLey, called Phlogisticated Air; and he showed that when mixed 
with nitrous gas, it suffered no diminution; but, on the contrary, that 
dephlogisticated air, on the same admixture in due proportions, was 
almost entirely absorbed over water; hence the method before noticed 
which he introduced, of ascertaining what was termed the goodness of 
atmospheric air, by the degree of absorption exhibited upon a certain 
admixture of nitrous gas, over water. en 

It was for his various discoveries, and more especially those relating 
to the physiology of vegetation, that the Council of the Royal Society 
honoured Dr. PriestitEy by the presentation of Sir Goprrey CopLEy’s 
medal, on the 30th of November, 1783¢. ' 
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* The ancients appear to have re- 
garded air as an ultimate principle of 
matter. Thus Lucretius,— , 
Aera nunc igitur dicam, quid corpore toto 
Innumerabiliter privis mutatur in horas: 
Semper enim, quodquomque fluit derebus, idomne 
Aeris in magnum fertur mare, qui nisi contra 
Corpora retribuat rebus, recreetque fluenteis, 
Omnia jam resoluta forent, et in aera yorsa, 
Haud igitur cessat gigni de rebus, et in res 
Recidere assidue, quoniam fluere omnia constat. 

De Rerum Natura, Lib. V. v. 274. 


+ Sed Aer salubris et purus, non modo 
respiratione animali ex parte fit mephi- 
ticus, sed et aliam indolis suzemutationem 
inde patitur. Postquam enim omnis 
aer mephiticus ex eo, ope lixivii caustici 
secretus et abductus fuerit, qui tamen 
restat nullo modo salubrior inde evadit, 
nam quamvis nullam ex aqua calcis pree- 
cipitationem faciet, haud minus quam 
antea, flammam et vitam extinguit.” 

+ Sir Godfrey Copley originally be- 
queathed five guineas to be given at 
each anniversary meeting of the Royal 
Society, by the determination of the 
President and Council, to the person who 
had been the author of the best paper of 


experimental observation for the year 
past. In process of time, this pecuniary 
reward, which could never be an im- 
portant consideration to a man of en- 
larged and philosophical mind, however 
narrow his circumstances might be, was 
changed into the more liberal form of a 
gold medal, in which form it is become 
a truly honourable mark of distinction, 
and a just and laudable object of ambi- 
tion. It was, no doubt, always usual 
with the Presidents, on the delivery of 
the medal, to pay some compliment to 
the gentleman on whom it was bestowed ; 
but the custom of making a set speech 
on the occasion, and of entering into the 
history of that part of philosophy to 
which the experiment related, was first 
introduced by Mr. Martin Folkes. The 


discourses, however, which he and his 


successors delivered, were very short, 


and were only inserted in the minute-— 


books of the Society; none of them had 
ever been printed before Sir John Pringle 
was raised to the chair of the Society.— 
CHaLMERs’s Biographical Dictionary.— 
Life of Pringle. ; 
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Sir Joun Princie, who was then President, delivered on this occasion 
an appropriate discourse upon the different kinds of air, in which, after 
expatiating upon the discoveries of his predecessors, he points out the 
especial merits of PrigstLEy’s investigations. In allusion to the purifi- 
cation of a tainted atmosphere by. the growth of plants, the President has 
thus expressed himself :— 

_ “From these discoveries we are assured that no vegetable grows in 
vain; but that, from the oak of the forest to the grass of the field, every 
individual plant is serviceable to mankind; if not always distinguished 
by some private virtue, yet making a part of the whole which cleanses and 
purifies our atmosphere.’ In this the fragrant rose and deadly nightshade 
co-operate; nor is the herbage, nor the woods that flourish in the most 
remote and unpeopled regions, unprofitable to us, nor we to them, con- 
sidering how constantly the winds convey to them our vitiated air, for our 
relief and their nourishment. And if ever these salutary gales rise to 
storms and hurricanes, let us still trace and revere the ways of a beneficent 
Being, who not fortuitously, but with design, not in wrath, but in mercy, 
thus shakes the water and the air together, to bury in the deep those 
putrid and pestilential effluvia which the vegetables on the face of the 
earth had been insufiicient to consume*.” ; 

The chemistry of gaseous bodies, in consequence chiefly of Prirst- 
LEY'S investigations, now became a main branch of the science, and some 
of his most eminent contemporaries were equally diligent with himself in 
its promotion and elucidation. Among others, Beraman and his friend 
and pupil, ScHEELE, may be ranked among its successful followers; and 
CavENDIsH lent it his powerful aid; but I have thought it better to con-: 
fine myself to the abstract view of such of PriestiEy’s discoveries as may 


* Dr. Franklin, in a letter upon the sub- 
ject of these discoveries to Dr. Priestley, 
has expressed himself as follows :— 

“That the vegetable creation should 
restore the air which is spoiled by the 
animal part of it looks like a rational 
system, and seems to be of a piece with 
the rest. Thus, fire purifies water all 
the world over. It purifies it by distil- 
lation when it raises it in vapour, and 
lets it fall in rain; and further still by 
filtration, when keeping it fluid, it suffers 
that rain to percolate the earth, We 
knew before that putrid: animal sub- 
stances were converted into sweet vege- 
tables when mixed with the earth and 
applied as manure; and now, it seems 
that the same putrid substances, mixed 
with the air, have a similar effect. The 
strong thriving state of your mint, in 
putrid air, seems to show that the air is 
mended by taking something from it, 
and not by adding to it. I hope this 
will give some check to the rage of de- 


stroying trees that grow near houses, 


which has accompanied our late improyve- 


ments in gardening, from an opinion of 
their being unwholesome. I am certain 
from long observation, that there is 
nothing unhealthy in the air of woods ; 
for we Americans have everywhere our 
country habitations in the midst of woods, 
and no people on earth enjoy better 
health, or are more prolific.’ — Phil. 
Trans. 1772, page 199. 

Notwithstanding these researches, 
which have exposed some very curious 
facts relative to the chemical physiology 
of plants, it must be confessed that the 
causes of the renovation and equality of 
our atmosphere are yet by no means as- 
certained; for, although some growing 
vegetables do, under certain circum- 
stances, purify the air (by the absorption 
of carbon and the evolution of oxygen), 
yet, when in a state of decay, they inva- 
riably add to its contamination; and a 
general view of the subject would lead 
us to {conclude that vegetables produce 
little effect upon the general constitution 
of the atmosphere. eas 


70 _ ORIGIN AND PROGRESS 


be strictly termed his own, than to blend them with the achievements of 


other. philosophers, who experimented with distinct views, though occa- 


‘sionally treading in his footsteps. 
| & Sel. 


Bereman, of Sweden, was born in the year 1739, and died in 1784, in 
consequence of too intense application to his studies: he was not only a 
diligent traveller in the beaten paths of chemistry, but he searched the 
depths, and ascended the heights of the science; his life was short, but 
as he neither lost nor misemployed time, his activity compensated for 
the brevity of his days; he not only opened a new mine in his favourite 
science, but examined its treasures and scattered its riches, for Bercman 
may be said to have almost invented the art of chemical analysis. 


In his Prefatory Essay on the Investigation of Truth, this author has — 


depicted his feelings upon the subject of experimental science in per- 
spicuous and unaffected terms; and a mind so directed could not but be 


successful in its exploits, when we remember that even in his days there 


were few willing entirely to throw off the presumption of scholastic phi- 
losophy. ‘A tendency,” he says, ‘‘to Cartesianism still exists, and 
upon attentive consideration it will not appear wonderful that the human 
mind should delight to indulge in this method; for, on the one hand, the 
way of experiments is expensive, troublesome, and tedious; all minds, 
therefore, are not capable of enduring it; many are without the proper 
instruments, others want the necessary dexterity; but the most universal 
defect is that of patience and perseverance, so that if the experiment does 
not at once succeed it is abandoned in disgust. Man, in his ordinary 
state, seems by nature prone to indolence. On the other hand, the 
contemplative method favours the desire of knowledge; by pretending 
to unlock the secrets of nature with ease and expedition, it soothes the 
natural rage of explaining all things; and by supposing everything 
accessible to the human intellect, administers pleasing flattery to vanity 
and arrogance.” rie os 

It is upon the talents of Beraman, as an analyst, that I propose to 
dwell; it is there that he was pre-eminently original and successful, and 
upon that foundation his character as a chemist may safely-be built. 

The use of tests, for the discovery of certain substances held in aqueous 
and other solutions, is first particularly dwelt upon by Boyt®, and he 
Was sometimes very fortunate in their contrivance and applications. He 


noticed the conversion of certain vegetable blues to red by acids, and to 
green by alkalis; the cloudiness produced by common salt'in solution of 


silver, its discoloration by liver of sulphur, and several other circum- 
Stances connected with the detection of certain principles by chemical 
re-agents. In 1667 Du Cros undertook an examination of the waters 


of France;. and in 1686 Huimrne published some clever experiments — 


upon the same subject in Sweden. In these writers the use of galls for 
the detection of iron is alluded to, and the necessity pointed out of 


examining the residuary product of evaporation. In 1726 and 1729 


Bourpuc used spirit of wine to precipitate certain saline bodies insoluble 
in that menstruum. In 1755 Venun pointed out the existence of fixed 
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air in the waters of Seltzer, Spa, and Pyrmont; Lang, in 1769*, showed 
the method of imitating chalybeate springs; and in 1772 Dr. Priestiey 
published directions for saturating water with fixed air. 

Beremay, in his Essay on Mineral Waters, after adverting to a variety 
of circumstances relating to their general characters and sources, proceeds. 
to point out, in the seventh section, the principal re-agents and precipi- 
tants useful in their examination, and to describe the nature of their 
changes and indications, with useful precision, in the following order:— 
A. Infusion of litmus, or turnsole, is so delicate a test for the acids, that 
a single grain of sulphuric acid reddens 408 cubic inches of the blue 
tincture. Paper, dipped in this tincture, and reddened by distilled 
vinegar, has its blue colour restored by alkalis; but the tincture is more 
sensible than the paper, for the latter is not reddened by aerial acid 
(fixed air); yet one part of water, saturated with aérial acid, renders fifty 
parts of the infusion red. B. Tincture of Brazil-wood becomes blue by 
alkalis, and is sensible to less than one grain of crystallized soda in 4000 
of water. (©. Turmeric, cither on paper, or in watery tincture, is a good, 
but less sensible, test for alkalis, which render it brown. D. Tincture of 
galls discovers iron by a purple or black cloud. EH. Prussiate of Potash 
produces a blue tinge in water containing a minute portion of iron; it 
also precipitates other metals; copper, brown; manganese, white. I. 
Sulphuric acid forms a white precipitate in all solutions containing baryta. 
If it produces bubbles, it indicates some combination of aérial acid. Nitric 
acid is highly useful for showing the presence of sulphur, which it preci- 
pitates from hepatic waters. G. Oxalic acid detects the minutest quan- 
tity of lime, by producing a white cloud, either immediately or after some 
hours. This test shows that scarcely any water is free from lime; and 
the purest, within twenty-four hours, deposits a portion of oxalate of 
lime, although sometimes so sparingly as to escape observation, unless 
lines be drawn on the bottom of the vessel with a glass rod, in the direc- 
tion of which the precipitate attaches itself. NH. Aérated fixed alkali 
throws down the metals and earths; if the substance be easily soluble in 
aérial acid, the caustic alkali may be used. I. Aérated volatile alkali 
also throws down earths and metals, and is an excellent test for the 

“presence of copper, which it indicates by a blue colour, more or less 
intense according to the quantity of alkali added. K. Lime-water detects 
_ aérial acid, by a precipitate of aérated lime. L. Muriate of baryta forms 
an insoluble white precipitate in water containing any soluble vitriolic 
salt; twelve grains of crystallized Glauber’s salt, dissolved in a kanne of 
distilled water (about three quarts), immediately exhibits white striz on 
the application of this test. ven one grain in the kanne exhibits a 
white cloud after some hours, and as it only contains 0:26 grains of 
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* Mr. Lane was the first who ascer- 
tained the solubility of iron in water 
impregnated with fixed air.—Phil. Trans. 
1769, “By this means,” says Sir John 
Pringle, in his discourse on the different 


kinds of air, delivered at the anniversary 


meeting of the Royal Society, November 
30, 1773, “the nature of the metallic 


o 


principle in mineral waters was clearly 
explained, and the whole analysis of 
those celebrated fountains, so often at- 
tempted by chemists and others, and 
still eluding their laboured researches, 

‘was thus, in-the most sunple manner, 


brought to light.” 
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exceeds turnsole itself in sensibility. M. Muriate of lime may be used 


for the detection of fixed alkali, but it is an ambiguous test, because, if — 


a” <i 


sulphuric acid, we may judge of the nicety of this precipitant, which even 


sulphate of magnesia be present, it produces gypsum. N. Solution of — 


alum is also of little use, though occasionally employed as a test for 
alkalis. ©. Nitrate of silver is a certain and delicate indicator of 
muriatic acid and its combinations. A grain of common salt, in a kanne 


of water, is instantly rendered evident by white streaks. Under some 


circumstances it may also form a precipitate with sulphuric acid, but 
sulphate of silver is much more soluble than Muriate; thus, no visible 
turbidness arises, unless the kanne of water contains ninety-eight grains 
of Glauber’s salt, or twenty five of vitriolic acid. The presence of hepatic 
air renders the precipitate of silver more or less brown. Alkalis, lime, 
and magnesia, also precipitate nitrate of silver. P. Nitrate of mercury 
is a prevaricating test, but very sensible to a variety of substances that 
may exist in mineral waters. As Berean has not pointed out any 
particular application, in which this salt is essential, it will not. be 


necessary to follow up his remarks on it, though in other respects im- 


portant. Q. Corrosive sublimate; R. Acetate of lead; S. Sulphate of 
iron; and T. White arsenic are enumerated, but their utility is 


dubious, and the observations upon them of little value to the analyst. 


U. Spirituous solution of soap is useful in giving general inditations of 
the purity of water, which, if pure, scarcely. renders it opalescent; but, if 
abounding in foreign materials, or hard, and unfit for washing, it pro- 
duces more or less opacity or precipitation. X. Liver ‘of sulphur is 
affected by so many causes, that it may be dispensed with in the exami- 
nation of waters. Y. Alcohol throws down such salts as it cannot 
dissolve, especially the sulphates. It dissolves many muriates and 
nitrates. 

I have thus enumerated the tests recommended by Brereman, and 
given an abridged account of his remarks upon them, for the purpose of 
showing the progress which, under his assistance, was made in analytical 
chemistry: it is true that of many of these re-agents and of their applica- 
tions he was not the original inventor; but he was the first who showed 
the real yalue and limits of the indications which they afford; an effort 


of no common sagacity, when we revert to the state of chemistry in his — 


time. . 

Proceeding with the analysis of mineral waters, BEreMAN next adverts 
to the gaseous contents, which may be expelled by heating a given 
portion of the water in a retort, the beak of which is plunged into the 
mercurio-pneumatic apparatus, and the gas secured in the usual way. It 
commonly consists of pure air and aérial acid; the latter may be absorbed 
by lime-water. The presence of hepatic air is easily recognised by its 
odour. The remaining water is directed to be evaporated to dryness, and 


the residue weighed and digested in pure alcohol; the residue, insoluble — 


in alcohol, is then to be shaken with eight parts of cold water; and. 


finally, the matters which resist the action of alcohol and cold water are 


to be boiled in four or five hundred parts of distilled water, and the % 


solution filtered. The ultimate residuum generally contains iron and 
carbonate of lime, or perhaps of magnesia, previously suspended by 
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carbonic acid; it may be in a few instances argillaceous or silicious, and 
perhaps contains manganese, and directions are given at length for its 
separate analysis, as well as that of the aqueous and alcoholic solutions. 


It is here that Berean displays an ingenuity and accuracy then new to 


chemical science, for, in measuring his merits by a true estimate, we must 
go back to the state of chemistry at his time, and divest ourselves of its 


modern perfections and refinements; then the peculiar and genuine 
character of his researches will become prominent. 


Having, in the paper of which the above is an outline, described the 
general principles of the analysis of mineral waters, Buraman proceeds, 
in several following essays, to apply them to individual analyses, and his 
dissertations on the waters and acidulous spring of Upsal, on sea-water, 


and on the artificial preparation of hot and cold medicated waters, each 


exhibit proofs of his skill as an analyst, and accuracy as an experi- 


menter; but, although these and his other detached essays are excellent 


in their way, we must here pass them by, in order to examine such of 
his contributions as tended to the general improvement and extension of 
chemical science; among these, his luminous dissertation on chemical 
attraction®, already adverted to, is pre-eminent ; and the twenty-fourth 


essay in the second volume of his Opuscula, entitled De Minerarum 


Docimasia Humida (on the Art of Assaying in the Humid Way), must 


be considered as the parent source of that branch of analytical chemistry 


so successfully followed up, though upon a limited scale, by ScHEELE, 
and in the improvement and extension of which KiaprorH passed his 
long and laborious life. , 

It must be premised that the assay or analysis of minerals had, with 
the exception of the experiments of Marcraart, hitherto been confined 
to certain operations jeffected by the aid of fire, in which, except in 


* De Precipitatis Metallics. and in the Miscellanea Berolinensia. His 


+ Among those whose names became 
eminent in the history of chemicalscience 
during the first half of the eighteenth 
century, Margraaf is entitled to parti- 
cular mention. He was born at Berlin, 
in 1709, where he died in 1782. He was 
a pupil of the once celebrated Neumann, 
a man whose works are now not much 
thought of, but who did considerable 
service to the chemistfy of his day. 
Caspar Neumann was born at Zullichau, 
in Prussia, in 1682; and in 1705 we find 
him enjoying the patronage of the King 
of Prussia, by whom he was sent to com- 
plete his studies at the university of 
Halle. In 1711 he became a pupil 
of Boerhaave, and shortly after visited 
England, whence he accompanied 
George I. to Hanover, in 1716. In 1723 
he became Professor of Practical Che- 
mistry in the Royal College of Berlin, 
where he died in 1737. His works con- 
sist chiefly in dissertations on various 
subjects of chemical inquiry, published 
in the Transactions of the Royal Society, 


Lectures were’ not printed till after his 
death, and proved a valuable magazine 
of chemical knowledge. “The author,” 
says Dr. Lewis, who edited his works, 
*‘biassed by no theory, and attached to 
no opinions, has inquired by experiment 
into the proportions and uses of the most 
considerable natural and artificial pro- 
ductions, and the preparations of the 
principal commodities which depend on 
chemistry, and seems to have candidly 
and without reserve communicated all 
he discovered.” In 1733, Margraaf pur- 
sued chemistry under Juncker, at Halle, 
and, having returned to Berlin, in 1738, 
we find several of his contributions in 
the Transactions of the Scientific Society, 
of that capital. Subsequent to that 
period his works were collected and 
published at Paris in 1762. They con- 
tain a great body of information, at that 


time novel and important, but they are 
chiefly entitled to notice as furnishing 


specimens of the art of analysis. 
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‘common and obvious cases, their nature was rather guessed at than 


demonstrated. This art had its origin in the sixteenth century ; and in 
1576 the celebrated work of Aaricona brought before the public all that 
was important in relation to it, describing the instruments and processes 
with scrupulous and minute accuracy, and illustrating them by a curious 
collection of cuts. AgRIcoLA was succeeded by Lazarus ERckzry, 
whose work on the docimastic art is much eulogized by BorrHaave, 
In the above-named essay BERGMAN points out the fallacies and imper- 
fections to which igneous analysis is liable, and dwells upon the advan- 
tage of operating in the humid way, that is, by solvents and precipitants. 
He then proceeds to separate examinations of various metallic ores, as 
i]lustrations of his new method. Many of the conclusions and reasonings 
contained in this essay are founded upon the details of the preceding one 
‘on Metallic Precipitates. “He,” says our author, “ who first saw the 


~~ 


corrosion of a metal by a limpid liquid, who beheld the opaque and pon- — 


derous body gradually disappear, and become a part of a transparent and 
apparently homogeneous fluid, and who saw the same metal re-appear upon 
the addition of a proper precipitant, must have been infinitely surprised, 
and struck with admiration of the occult powers of nature. But because 
we are accustomed to these phenomena, we neglect inquiring into their 
causes, though of the utmost importance, as forming the entire basis of 
practical chemistry. Such phenomena are so varied and intricate that 
volumes would be insufficient for their complete discussion ; so that I pro- 
pose to limit my observations to the separation of metals from acids, and 
to the particular consideration of the weights of the precipitates.” Then, 
after a luminous summary of the general phenomena of the solution of 
metals, he advances a series of facts relating to their precipitation; he 
shows that the caustic fixed alkalis occasion precipitates of the calces, 
but loaded with water, by which their weight is much increased: that 
carbonated alkali precipitates carbonated oxides by double decomposition : 
that certain acids, which form insoluble compounds with metals, throw 
them down from their soluble compounds: that certain salts act in the 


same way by double elective attraction ; and that in some cases triple 


combinations ensue, as when platinum is precipitated by sal ammoniac. 
He then adverts to the decomposition of one metallic salt by another, 


even where the acid is the same in both. Thus, sulphate of iron and ~ 


muriate of tin decompose muriate of gold. The metals also precipitate 
one another after a certain order, which is the same in all acid solvents, 
and effected by double elective attraction, “for the metal to be precipi- 
tated exists in the solution in a calcined state, but, being reduced by the 
phlogiston of the precipitant, falls to the bottom; while the precipitant, 
being calcined, becomes soluble. Although,” he says, “many anomalous 
circumstances occur in this matter, the order is constant and never in- 
verted.” The fifth section of this paper explains the use of tests for 
discriminating the metals, pointing out the colours of metallic precipitates. 
“Gold and platinum are only in part separated from acids by the alkalis. 
Nitrate of silver affords a brown precipitate with caustic, and a white 
with aérated soda and with muriatic acid. Solution of nitrate of mer- 
cury gives a red precipitate with carbonated, and a yellowish, or orange, 
with caustic alkali. The latter is black, if the solution be prepared 
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without heat. Nitrate of lead is precipitated, white by caustic alkali, an 
excess of which re-dissolves the precipitate. Nitrate of copper gives a 
bright-green compound with aérated, and brown with phlogisticated 
alkali (prussiate of potash). Iron is thrown down green by aérated 
alkali, and the precipitate, on exsiccation, becomes brownish-yellow. Tin 
gives a white cloud with all the alkalis ; bismuth, white with water and 
alkalis ; nickel, greenish-white with alkalis and prussiate of potash; zinc 
and antimony white with all alkalis.” 

Such is a short abstract of the contents of this section, which, although 
obscured by the language of the old school, and therefore scarcely, per- 
haps, intelligible to the chemical student of the present day, abounds in 
useful and perspicuous details: it is followed by the concluding section, 
containing a table of the relative weights of precipitates, procured in dif- 
ferent ways, from a solution of one hundred parts of metals; and, as 
Brreman observes, “this table, upon proper examination, reveals many 
mysteries.” It seems to have been the general opinion at this period, 
that the relative weights of precipitates were in all cases the same; that 
is, one hundred parts of lead, for instance, dissolved by nitric acid, 
and precipitated by caustic, aérated, and phlogisticated alkali, and by 
sulphuric acid, would furnish an equal weight of precipitate in each in- 

dividual instance. Our author here shows the fallacy of this opinion, 
and demonstrates the difference of weights to depend upon the different 
‘proportions of the precipitant contained in the precipitate, and upon the 
occasional retention of a portion of the solvent. The list of precipitates 
annexed to this paper will disclose, to the attentive observer, principles 
analagous to those exhibited by the tables of Ricurer, and upon which 
one of the main pillars of the theory of definite proportionals may be said 
to rest. 

Brreman’s essay on fixed air, or as he calls it, aérial acid, is the last 
of which I shall make any particular mention. His chief experiments on 
this subject were probably made about the year 1770. The dissertation 
I am now quoting was read, in 1774, before the Royal Society of Sciences 
at Upsal, and is printed in their Transactions for 1775. After describing 
the several methods of obtaining fixed air by the action of acids upon 
carbonates, by submitting them to a red heat, and by fermentation, he 
proceeds to define the meaning of the word acid, in order to show that 
fixed air belongs to that-class of bodies; that it is soluble in water, that 
it has a sour taste, reddens turnsole, and unites to and forms erystallizable 
compounds with alkalis, destroying at the same time their causticity. 
He detected this acid in the marmor metallicum of Cronstept (carbonate 
of baryta), and observed the rapidity with which baryta-water absorbs 
carbonic acid from the air, forming an effervescent precipitate. Speaking 
of the action of carbonic acid upon lime, he gives a masterly sketch of 
the principal facts relating to the composition and decomposition of the 
carbonate of lime: he shows the solubility of calcareous spar in water 
impregnated with fixed air, and its subsequent deposition, often in small 
crystals; and the same property is also proved to belong to magnesia. 
Brreman then goes on to discuss the elective attractions of fixed air, of 
which he gives the following table :— 
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He says it appears to be the weakest acid 
‘known, for it is expelled not only by vinegar, 
but by the phlogisticated acids of nitre and of 
vitriol (nitrous and sulphurous acids) ; yet he 


AERIAL ACID. 
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Pure terra ponderosa. 
—— lime. 


observes that acetate of lead as decomposed by ___ gxeq vegetable alkali. 
carbonic acid, which appears an anomaly, and _ fixed mineral alkali. 
suggests a question which he leaves undecided -— magnesia. ~ 

till experiment shall have enabled him to ex- ~~ enable alkali. 


plain it. The acid properties of fixed air are 7 Mianeades 

next dwelt upon, and the probability of its eo wipeae 

acidity resulting from foreign matter nega- 
tived; for when “rightly depurated, though extricated by the most 
different means from the most different materials, whether by fire or by 
solution, it is nevertheless always the same, and always acid. I con- 
clude, therefore, with all the certainty attainable in physics, that acidity 
is a property essential to that elastic® fluid.” From the imperfection of 
apparatus, Bereman erred a good deal in calculating the specific gravity 
of fixed air; he, however, proved it heavier than atmospheric air, and 
thence accounts for its lodging in low situations, as in pits and grots: 
it is also shown to extinguish flame. 

The essays which I have now quoted, and which may be taken as a 
fair sample of his method of investigation, exhibit Beraman in the light 
of a true philosopher, employing hypothesis as the precursor, and not 
the substitute of experiment; countenancing no theory but such as admits 
of rigid demonstration; advancing no favourite doctrines nor hasty specu- 
lations; but always the candid narrator of facts. As the repeater of the 
experiments of others, he measures and weighs their conclusions, and 
assigns them their proper place in the history of science. When in the 
character of an original inquirer, he kindles the torch of experiment, 
and never advances beyond the boundary of its light. He seems pro- 
foundly to have admired Newton, and to have endeavoured to transfuse 
his methods of investigation into chemistry. “That illustrious per- 
sonage,” he says, “ having solicitously accumulated facts, examined them 


with accuracy, and compared them with acuteness; from effects he_ 


advances to causes, and thence deduces the laws of the creation. His 


progress, though slow, is certain; and his method, though tedious, is ~ 


continually unveiling the mysteries of nature. An edifice thus con- 
structed acquires firmness by elevation, for its foundations are solid and 
permanent.” : . 
There is more method in Brreman than in any antecedent chemical 
writer; his researches appear always to have been made with an object 
in view; and there is an unity of design in his philosophical papers, 
which pleasingly distinguishes them from the undigested chaos of experi- 
ments and observations which we are obliged to wade through in many 
preceding authors. 7 ’ 
- Berean had many celebrated successors in analytical chemistry, as 
applied to mineral substances; among these, Kuaprota and VAUQUELIN 
have especially contributed to the progress of this branch of the science. 
Martin Henry Kuaproru, was born at Wernigerode, in Prussia, on the 


Ist of December, 1743; and died at Berlin on the Ist of January, 1817. 
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He was an excellent man, and a diligent and accurate analyst: he was 
a pupil of Ross of Berlin, who died in 1771. He published a variety of 
important papers in periodical works; and in 1795 collected them, 
under the title of Bewtrdge zur Chemischer Kentniss der Mineralkorper, 
(contributions towards the chemical knowledge of mineral substances.) 
Of this work, consisting of six volumes, the last was published in 1815; 
it contains no less than two hundred and seven essays*. 

VavQueELin, who died, at an advanced age in Paris, in 1829, was 
originally a peasant boy of Normandy. He was employed in Fourcroy’s 
laboratory, where he not only acquired great dexterity in the ordinary 
duties of his situation, but became an expert and original analyst: he 
afterwards rose to high eminence in his profession, and his numerous and 
important contributions and discoveries are lasting monuments of his 
skill and industry. 

Among the mineral analysts and improvers of analytical chemistry in 
this country, Mr. Cuenrvix deserves honourable mention. The following 
brief account of his contributions, and of the curious and. mysterious con- 
troversy respecting Palladium, in which he was at one time involved, I 
copy from Dr. Tuomson’s History of Chemistry, vol. ii., p. 215. 

‘Mr. Chenevix deserves also to be mentioned as an improver of 
analytical chemistry. He was an Irish gentleman, who happened to be 
in Paris during the reign of terror, and was thrown into prison, and put 
into the same apartment with several French chemists, whose whole con- 
versation turned upon chemical subjects. He caught the infection, and, 
after getting out of prison, began to study the subject with much energy 
and success, and soon distinguished himself as an analytical chemist. 
His analysis of corundum and sapphire, and his observations on the 
affinity between magnesia and silica, are valuable, and led to considerable 
improvements in the method of analysis. . His analyses of the arseniates 
of copper, though he demonstrated that several different species exist, are 
not so much to be depended on; because his method of separating and 
estimating the quantity of arsenic acid is not good. This difficult branch 
of analysis was not fully understood till afterwards. Chenevix was for 
_ several years a most laborious and meritorious chemical experimenter. It 
is much to be regretted that he should have been induced, in consequence 
of the mistake into which he fell respecting palladium, to abandon 
chemistry altogether. Palladium was originally made known to the pub- 
lic by an anonymous handbill which was circulated in London, announcing 
that palladium, or new silver, was on sale at Mrs. Forster’s, and describing 
its properties. Chenevix, in consequence of the unusual way in which 
the discovery was announced, naturally considered it as an imposition on 
the public. He went to Mrs. Forster’s, and purchased the whole palla- 
dium in her possession, and set about examining it, prepossessed with the 
idea that it was an alloy of some two known metals. After a laborious 


. * Professor Frederick Stromeyer of 
Gottingen, who died in 1835, was a 
chemist of most distinguished analytical 
attainments, and deserves to be espe- 
cially mentioned as one of the successful 
followers of the methods chalked out by 
Klaproth. He was Inspector-general of 


the Apothecaries for the Kingdom of 
Hanover ; and it was in discharging the 
duties of that office that he was led to 


notice certain peculiarities in the oxide 


of zinc, prepared for pharmaceutical uses: 
his further inquiries on this subject ter- 
minated in the discovery of cadmium. 
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set of experiments, he considered that he had ascertained it to be a com= . 
pound of platinum and mercury, or an amalgam of platinum made in a 
peculiar way, which he describes. This paper was read at a meeting of 
the Royal Society by Dr. Wollaston, who was secretary, and afterwards — 
published in their Z'ransactions. Soon after this publication, another 
handbill was circulated, offering a considerable price for every grain of 
palladium made by Mr. Chenevix’s process, or by any other process what-— 
ever. No person appearing to claim the money thus offered, Dr. Wollas- 
ton, about a year after, in a paper read to the Royal Society, acknowledged 
himself to have been the discoverer of palladium, and related the process 
by which he had obtained it from the solution of crude platina in aqua 
regia, There could be no doubt after this, that palladium was a peculiar 
metal, and that Chenevix, in his experiments, had fallen into some mis- 
take, probably by inadvertently employing a solution of palladium, instead 
of a solution of his amalgam of platinum; and thus giving the properties 
of the one solution to the other. It is very much to be regretted! that 
Dr. Wollaston allowed Mr. Chenevix’s paper to be printed, without inform- 
ing him, in the first place, of the true history of palladium; and I think 
that if he had been aware of the bad consequences that were to follow, and 
that it would ultimately occasion the loss of Mr. Chenevix to the science, 
he would have acted in a different manner. I have more than once 
conversed with Dr. Wollaston on the subject, and he assured me that he 
did everything that he could do, short of betraying his secret, to prevent 
Mr. Chenevix from publishing his paper; that he had called upon, and 
assured him, that he himself had attempted his process without being 
able to succeed, and that he was satisfied that he had fallen into some 
mistake. As Mr. Chenevix still persisted in his conviction of the accu- 
racy of his own experiments after repeated warnings, perhaps it is not very 
surprising that Dr. Wollaston allowed him to publish his paper; though, 
had he been aware of the consequences to their full extent, I am persuaded 
that he would not have done so. It comes to be a question whether, had 
Dr. Wollaston informed him of the whole secret, Mr. Chenevix would 
have been convinced.” | a 
The Honourable Epwarp Howarp also deserves a place among those 
eminent for their contributions to analytical chemistry. He was the first 
who accurately examined meteoric stones, and showed their identity from — 
various places. (Phil. T'rans., 1802.) 


§ XII. 


Brraman was followed by two great and contemporary luminaries of 
chemical science, CavenpisH* and ScHenn, and though each attained 
distinction, they reached it by very different roads; showing the little 
influence of external cireumstances upon the growth of inherent genius. 
The former was a leading person in the scientific circles of London; of 
noble family, and princely affluence. The latter, of humble origin and 
with limited means, made up for the deficiencies of place and fortune by, 
zeal and economy, and, in the retirement of a Swedish village, raised a 
reputation that soon extended itself over Europe. In private life; 


-* Born in London, 1731; died at Clapham, 1810. 


OF CHEMICAL PHILOSOPHY. 19 


CAVENDISH was unambitious, unassuming, bashful, and reserved; he was 
peevishly impatient of the inconveniences of eminence; he detested flat- 
tery, and was uneasy under merited praise: he therefore shunned general 
society, and was only familiar in a very limited circle of friends. He was 
in the habit of dining every Thursday at the Royal Society Club, and there 
he always bore his faculties meekly; his conversation was varied and in- 
structive; upon all subjects of science he was at once luminous and pro- 
found, and in discussion wonderfully acute. 

_ Mr. Cavenpisn made two capital discoveries; one of which, that of 
the composition of nitric acid, has already been adyerted-to, and arose 
out of his researches on hydrogen, and on the products of its combustion, 
which terminated in ascertaining the composition of water. His first 
communication to the Royal Society relates to the analysis of the waters 
of Rathbone Place, and contains nothing worthy of particular notice. In 
1776, he presented the same learned body with a dissertation on Inflam- 
mable, Fixed, and Nitrous Air, printed in the Philosophical Transactions 
for the same year, and full of important and original matter. Though his 
observations on fixed and on nitrous air were highly valuable, he had here 
been anticipated in some respects, and contemporary chemists were on 
most points his successful rivals; but his investigations relating to the 
properties of hydrogen were entirely his own; for, although it was known 
to others that that gas was generated by the action of certain acids on 
certain metals, though Mayow had collected it, and Haxns proved its 
combustibility, it may safely be asserted, that the phenomena of its pro- 
duction had entirely escaped attention, and that its principal properties 
were previously unknown. Cavenpisu shows that different metals afford 
different quantities of hydrogen; thus zine yielded more than iron, and. 
iron more than tin; and further, that the state of dilution and quantity 
of the acid, provided there was enough to dissolve the metal, did not 
affect either the quantity or properties of the air. In examining its pro- 
perties, our author observed that it extinguished flame, destroyed animal 
life, and burned when pure with a pale blue flame: he determined its 
specific gravity, and found it was the lightest of all ponderable matter; 
hence its subsequent suggestion by Dr. Brack and Mr. Cavazto as a sub: 
stitute for rarefied air in the balloon: the former indeed failed in its appli- 
cation, and the latter only succeeded in the pretty experiment of elevating 
soap-bubbles by inflating them with hydrogen: he tried bladders, but the 
thinnest were too heavy, and tissue paper was permeable to the gas; it is 
singular he did not think of gold-beaters’ skin, which, for similar pur- 
poses, had been recommended two centuries before by Scanicrr the 
grammarian*, 

The first ascent in a balloon filled with hydrogen was made on the Ist 
of December, 1783, by Messrs. Cuartms and Ropert, at Paris. In an 
hour and three-quarters, they alighted on the meadow of N esle, twenty- 
five miles from the metropolis, and finding that the silk globe still retained 
great buoyant power, M. Cuaruss ventured alone upon a second ascent. 
The sun had set, and the shades of evening were gradually condensing 
into the darkness of night; but his courage was rewarded by a most 
novel and sublime spectacle. He shot upwards with such celerity as to 


* Supplement to Encyclopedia Britannica, Art. Aéronautics. 
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have attained the height of two miles in ‘about ten minutes. The sun ~ 
rose again to him in full orb, and from his lofty station he contemplated 
the fading luminary, and watched its parting beams till it once more sunk 
below the horizon. The vapours rising from the earth collected into 
clouds, and veiled it from his sight, while the pale rays of the moon scat-. 
tered gleams of various hues over the fantastic and changing forms. The 
region in which the aéronaut now hovered was extremely cold; the bal- 
loon appeared fully distended, and upon opening the valve, the gas rushed 
out like a misty vapour into the external air. Prudence forbade this bold 
voyager to remain longer in such a situation; slowly therefore descending, 
he alighted in safety near the forest of Tour du Lay, having travelled 
about nine miles in thirty-five minutes. The barometer at the greatest 
elevation fell to 20:05 inches, and the thermometer sunk to 21° Fahren- 
heit; he therefore appears to have ascended to about 9,700 feet above the 
level of the sea. . 

The balloon has unfortunately proved but an abortive instrument in 
the hands of science. Messrs. Bror and Gay-Lussac embarked from 
Paris on the 23rd of August, 1804, upon an aérial excursion devoted 
entirely to scientific inquiry. At the height of 13,000 feet, no peculiarity 
appeared to attach to electric or magnetic phenomena. On the 5th of the 
following September, Gay-Lussac undertook a second voyage alone, and 
attained the enormous height of 23,040 feet above the sea. Here he 
experienced excessive cold, his breathing was oppressed, and the pulse 
quickened; he, however, did not suffer the peril of his situation, or the 
peculiarities of his sensations, to distract his attention, and made several 
magnetic, electric, and hygrometric observations, without either novel or 
interesting results. Having alighted in safety in the neighbourhood of 
Rouen, he returned to Paris, and in the presence of M. Taenarp analyzed 
the air brought from the upper regions, which proved analogous in com- 
position to that at the surface of the earth. 

To return to Cavenpisu: having determined the specific gravity, and 
other abstract properties of hydrogen gas, he proceeded to examine the 
results of its combustion, and found that, when mixed in certain propor- 
tions with atmospheric air, it exploded on the contact of flame, and depo- 
sited moisture in the vessel used for the experiment, a circumstance first 
noticed by MacqueEr in 1766, and distinctly referred by Warr to the pro- ~ 

- duction of water in 1783. The experimental proofs, however, were still 

insufficient, and were supplied by CaveNpIsH, in a paper given to the 

Royal Society in 1784. He found that a stream of pure hydrogen, 

burned either in air or oxygen, produced a vapour condensible into pure 

water. The same product resulted from the rapid combustion of a mix- 

ture of inflammable and dephlogisticated airs (hydrogen and oxygen gases). 

These experiments were subsequently verified by analytical researches: 
water was decomposed by Lavoisier, by passing steam through a red-hot 
tube containing iron, which absorbs its oxygen, and pure hydrogen is _ 
liberated in the gaseous form. The decomposing energies of electricity 
have also been applied to this fluid, and it is found uniformly to be 
resolved into one volume of oxygen and two of hydrogen, which disappear 


on passing an electric spark through the mixture, and are converted into 
their weight of pure water. 
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' -The discovery of the composition of water, due to the joint labours of 
CavenpisH and Watt, was a great step in chemical > science, for it 
developed the hidden cause of many important phenomena of art and 
nature: no wonder, then, that the attention of theorists was especially 
fixed upon it, some applying it to the explication of all difficulties; others 
rejecting even legitimate conclusions, and unwilling to ‘strike this 
fayourite element from the list of simple bodies. 

CAVENDISH was an enemy to the new Nomenclature of chemistry, and 
‘was fond of foretelling its downfall; he disliked all innovations that were 
not rendered absolutely necessary by the progress of experiment, and 
*would never adopt new opinions till fully and leisurely convinced of the 
fallacy of old ones. 

While Priesttey and CAVENDISH were contributing to the chemical 
eminence of Britain, ScHEELE* was diligently employed in the same pur- 
‘suit under the patronage and guidance of Beraman, of whom it has been 

emphatically said, “that his greatest discovery was the discovery of 

ScnEeE.z,” for he was the first to remark his promising genius and rising 
merit. 

_ ScHEeEte’s publication, entitled Chemical Observations and Experiments 
on Air and Fire, is prefaced by an Introduction from the pen of his 

patron Bereman, setting forth the advantages of experimental science, 
and the benefits likely to result from the application of chemistry to the 

‘treatment and cure of diseases. Finding air necessary for the production 

of fire, ScHEELE first turned his attention to its analysis: he found that 

solution of liver of sulphur, and certain other sulphureous compounds, 
occasioned a diminution in the bulk of air to which they were exposed, 
equal to about one part in five; the flame of hydrogen, and that of sul- 
phur, caused a similar decrease of bulk in air standing over water, and 
lime-water not being rendered in either case turbid by the residuum, no 
fixed air was formed. He then obtains empyreal air, (oxygen,) by the 
decomposition of nitric acid, and other processes ; describes the method of 

‘transferring, collecting, and examining the gases; and endeavours to prove 
that heat is a compound of empyreal air and phlogiston ; he also shows, 
by a direct experiment, that the absorption occasioned in atmospheric air 
by liver of sulphur is referable to the abstraction of its empyreal portion; 

that it totally absorbs empyreal air; and that upon adding to the residuary 

“portion of atmospheric air, a quantity of empyreal air equal to that 

absorbed by the sulphureous liquor, an air is again compounded, similar in 

all respects to that of the atmosphere. The identity of these investigations 


man, who became his friend and patron, 
and to whose honour be it told, that, 


* Scheele is among the fortunate few, 
who, starting from an obscure original, 


‘have attained the zenith of scientific emi- 
-nence. He was born in 1742, at Stral- 
-sund, where his father was a tradesman. 
His youthful days were passed in the 
house of an apothecary at Gottenburgh, 
where, by singular perseverance, and 
that kind of industry which is prompted 
by strong natural inclination, he acquired 
a Valuable stock of chemical information. 
4In.1773, having removed to Upsal, acci- 
‘dent brought him acquainted with Berg- 


when Scheele’s reputation afterwards. 
rose to such a height as threatened to 

eclipse his own, instead of listening to 

the voice of jealousy, which, on such 

occasions, is too common afrailty, he be- 

came more zealous in behalf of his rival, 

and more indefatigable in the service of 
his friend. . Scheele afterwards removed ' 
to. K6ping, in the neighbourhood _of 
Stockholm, where he died i in 1786. 
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with those of PrirstLey will not fail of being observed ; but it must be 
recollected that they were entirely independent, and that although PriEsr- 
LEY was in the field a little before him, ScHEELE was unacquainted with 
his proceedings. 

The details concerning the nature of air, are followed by an inquiry 
into the properties of Heat and Light, which, though somewhat tainted by | 
false theory, bears the stamp of an able and original mind. Advyerting 
to the reflection of the rays from a common fire, by a concave metallic 
mirror, he remarks, that they passed in straight lines, without suffering 
any derangement from currents or undulations in the atmosphere which 
they traverse ; that glass intercepts the heat, but not the light; that a 
mirror of glass reflects the light, but absorbs the heat, whereas metal 
reflects both: the metal, therefore, if clean, does not become heated ; but, 
if blackened over a smoking candle, it then absorbs heat, and becomes 
very warm. He notices the distinction between heated air and heat 
emanating in straight lines: “represent to yourself a little hillock of 
burning coals; in this case, the heat darting from this hillock all around 
is that which may be reflected by a metallic polished plate; that, on the 
contrary, which rises upwards, and may be driven by winds to and fro, — 
unites with air. I call the first kind, by way of distinction, radiant heat.” 
Discussing the phenomena of solar and terrestrial radiation, he considers 
their apparent differences to result, not from any absolute difference in 
the nature of the emanating particles, but in their quantity, “ There is — 
no doubt,” he says, “about the light of the sun and that of a burning 
candle being the same thing; for this affects the eye in the same manner 
as the sun, and represents the same colours through the prism, but being 
weaker, it is no wonder that its beams, collected in a burning-glass, will 
not burn: nor is there any doubt about light being a body in the same 
manner as heat, but I cannot persuade myself that light and heat are the 
same thing, since experiment proves the contrary.” Finding that light 
blackened nitrate of silver, though heat alone had no effect upon it, he 
considers light as containing an inflammable principle, and shows that 
luna cornea, after long exposure to the sun’s rays, is no longer perfectly 
soluble in ammonia, but leaves a portion of reduced silver; he also — 
shows, that when put into water, it forms muriatic acid in the light, but 
not in the dark; and that the violet rays produce these effects more 
rapidly and powerfully than the other coloured rays, and even than white 
light. . 

Among these experiments on air and fire some curious facts are 
detailed, respecting the spontaneously inflammable compound discovered 
early in the last century by. Hompmre, and called Pyrophorus; it is 
shown that potash is necessary to its formation, and that alum crystal- 
lized by ammonia is unfit for its production. The evolution of hydrogen, 
during the action of iron upon sulphur, and of nitrogen in the detonation — 
of fulminating gold, are also among the facts contained in this essay; as. 
well as a variety of curious circumstances relating to the effect of vegeta-_ 

tion and respiration upon air; and it closes with an account of the © 
_properties of Sulphureted Hydrogen. = 
__ Exclusive of the experimental details, there is little to praise in the” 
Lreatise on Air and Fire, fox the theories which it contains are often — 


a 
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strained and illicit, and do not easily admit of being rendered’ intelligible 
by the translation of the phlogistic language into that of the modern 
school: nor are SCHEELE’s detached essays altogether free from similar 
blemishes; but then they are so rich in facts, that we the more easily 
overlook theoretical failings. His dissertation on Manganese, for instance, 
‘with a description of the principal salts of that metal, contains the im- 
portant discovery of Dephlogisticated Muriatic Acid, or, as it is now 
termed, Chlorine; and his views respecting it, and the nature of the 
muriatic acid, are remarkably correct, and perfectly intelligible in present 
theory, if we substitute hydrogen for phlogiston; it will then be found 
that muriatic acid is regenerated by the addition of hydrogen to chlorine, 
and that hydrogen is evolved by the abstraction of chlorine from muriatie¢ 
acid. 

- Berruouter’s hypothesis of the nature of chlorine for a time super- 
seded the theory of ScuEELE, and under the name of Oxymuriatic Acid, 
it was regarded as a compound of oxygen and muriatic acid; but, in 1811, 
Sir H. Davy, in an important dissertation on the subject, published in the 
Philosophical Transactions, demonstrated the errors of the French school, 
revived the doctrine of ScuEexe, and established it by a body of evidence 
now generally received. Berthollet, however, has the distinguished 
merit of first suggesting the application of chlorine to bleaching upon the 
large scale. 

In his essays on Fluor Spar, and its acid, ScurrLe has committed 
several errors, among which the most glaring is the conclusion which he 
_ draws respecting the formation of siliceous earth. When powdered fluor 
spar is distilled with sulphuric acid in a glass retort, the silica of the glass 
is dissolved by the acid of the fluor, carried over with it in the gaseous 
state, and in part deposited in the receiver containing water; ScHEELE 
inferred that siliceous earth was here formed by the union of fluoric acid 
and. water; and, persisting in his error, he endeavours to show that the same 
formation ensues in metallic vessels, and therefore independent of glass; 
but he takes no due precautions against the presence of silica in the fluor 
spar which he used. - Yet there is much to praise in the methods of analysis 
employed in investigating the nature of this singular body; it is a subject 
full of difficulties, and can scarcely be called complete even at the present 
day, though it has engaged the attention of the most acute analysis. The 
acids of arsenic and of molybdenum were first examined by ScHEELE, and 
he first showed the difference between Molybdenum and Plumbago, and 
pointed out the existence of carbon and iron in the latter. 

- In 1778, Scueetn made known the preparation of Arsenite of Copper, 
and recommended it as an useful and permanent colour in oil and water 
painting; and, in 1779, he took up the important subject of the decom- 
position of neutral salts by unslaked lime and iron. He found upon the 
iron hoops of a tub of salted turnips, which had been placed in a damp 
cellar, a quantity of salt resembling mineral alkali, and was struck with 
the circumstance, “ knowing that the attraction of acid of salt is weaker 
for iron than for mineral alkali.’ He dipped plates of several other 
metals into solutions of common and Glauber’s salt, but found that iron 
‘only was effectual in their decomposition, and that the action was more 
rapid in a damp cellar than elsewhere; he also found that quicklime 
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decomposed those salts in the same situation; and that the decomposition 
was partly dependent upon the presence of carbonic acid in the atmo- 
sphere of the vault. | a 
In the essays on Milk and Sugar-of-milk, there are many curious 
circumstances respecting the action of re-agents upon that liquid, and 
these papers deserve particular notice, as among the earliest specimens of 
the analysis of animal fluids.. ScHEELE observes that, from his experi- 
ments, it appears “that the acid of milk is an acid of a peculiar kind, and 
though it expels the vinegar from acetated vegetable alkali, yet it seems 
destined, if I may so speak, to be vinegar.” He attributes its difference 
to the want of some ferment, and shows that the addition of a little brandy 
to milk, causes it, when fermented, to afford good vinegar. The method 
of obtaining the Citric and some other vegetable acids, by decomposing 
their compounds with lime by sulphuric acid, is also among ScHEELE’s 
discoveries; and his essays on Tungsten, on the preparation of Calomel in 
the humid way, on Urinary Calculi, on Ether, and on Benzoic acid, each 
contain important facts, and display new modes of inquiry: they deserve 
the perusal of those who may be engaged in investigations relating to the 
several subjects of which they treat. 
The last essay to which I shall advert in this sketch of ScHEELE’s — 
discoveries, was published in 1782, and is entitled Experiments on the 
Colouring Matter of Prussian Blue. This very singular substance was 
accidentally discovered early in the last century, by DirsBacu, a colour- — 
maker at Berlin: the preparation was, however, kept secret till pub= 
lished by Woopwarp, in 1724, In 1752, Macqumr’s dissertation upon it 
presented a connected view of its chemical history, which, however, was 
imperfect and unsatisfactory. ScHEELE directed his attention to the dis- 
covery of the principle upon which its colour depended. He shows, that 
the salt produced, by digesting Prussian blue in caustic potash, is a triple 
compound of the colouring principle, iron and potash; iron being, as he 
supposes, the medium by which the colouring matter is attached to the 
alkali: this salt he decomposed by distilling its aqueous solution with a 
small quantity of concentrated vitriolic acid, and the liquor which passed 
into the receiver carried with it a great portion of the colouring principle, 
which has since been termed Prussic Acid. ScueELe then goes on to 
show that the action of this acid, in its pure state, upon metallic solutions, 
is very different from that which it exhibits when combined with alkalis. 
United with lime, he found that it afforded precipitates in the greater 
number of metallic solutions. Our author enters into much interesting — 
speculation and experiment, relating to the nature of this colouring prin- 
ciple; and considering the difficulty of the subject, treats it with perspi- 
cuity and success. This dissertation on Prussian blue was nearly his last 
contribution to the science which he had so much embellished and 
improved, for he died in 1786, at the age of forty-four. — 
It requires no deep inquiry, or minute investigation, to detect, in the — 
researches of Priesriny, ScuEene, and CavEenpisu, the materials of which — 
their contemporary, Lavorsrer, aided by several celebrated chemists of the _ 
French school, constructed his new theory; and a retrospect of the works _ 
of Mayow and Hooxe will show that the Antiphlogistic System almost — 
necessarily arose out of a combination of their views with the ‘more — 
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modern discoveries. In maintaining, however, that the materials em- 
ployed in raising this celebrated system were of foreign, and chiefly of 
British origin, we must not be understood as detracting from the 
indisputable merit of those to whose persevering diligence chemistry owes 
so much of its present importance; by whom ‘the scattered and uncon- 
nected facts of the science were brought together and arranged; and who 
cleared its paths of the numerous obstructions with which they were 
previously beset. : 


§ XII. 


_ Tue numerous and important contributions with which the eminent 
but unfortunate Lavorsier* enriched the chemistry of his time are to be 
found in the Memoirs of the Royal Academy of Sciences of Paris ; but 
as he has chiefly been celebrated as a theorist, I shall here confine myself 
to such of his inquiries as bear upon that memorable reform in the 
science, by which a new nomenclature was introduced, and which ended 
in the banishment of phlogiston. In this reform Lavoisrer took the 
_ lead, and though his original investigations connected with it are few and 
comparatively unimportant, he availed himself with so much skill and 
success of the labours of others, as, by placing them in new points of 
view, and exhibiting their unexpected applications, to render them 
almost his own. Lavorster’s character has, in some measure, suffered 
by the misguided zeal of his admiring commentators, who, not satisfied 
with allowing him due merit for the logical precision and sagacity of 
induction which he brought into chemistry, have represented him as 
having the experimental activity of Prinsriny, and the laborious diligence 
of ScuzELe. But Lavoister, though a great architect in the science, 
laboured little in the quarry; his materials were chiefly shaped to his 
hand, and his skill was displayed in their arrangement and combination. 

A connected view of his principal reasonings and most prominent 
researches will be found in his Elemens de Chimie, published at Paris, in 
1789. This work, in every way important, is divided into three principal 
sections: the first treats of the formation and decomposition of aériform 
fluids, of the combustion of simple bodies, and the formation of acids: 
the second, of the combination of acids with salifiable bases, and of the 
formation of neutral salts: and the third, of the instruments and 
operations of chemistry. 

The first section opens with a discussion concerning the Nature and 
Operations of Heat, which he defines as a real and material substance, 
or a very subtile fluid, separating the particles of bodies from each other, 
by insinuating itself among them. This exquisitely attenuated substance 
he calls Caloric, and though he allows that light, in many instances, 
produces phenomena analogous to those of heat, though they have 
certain qualities in common, their identity not having been demonstrated, 
they are to be considered as distinct ; he then dwells upon the requisite 
caution in investigating the properties of caloric, since they are known 


.. * Born in 1743 at Paris, where he fell a victim to the Revolution, on the 8th 
of May, 1794, | 
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only by fleeting and difficultly ascertainable effects: “It is in those 
things,” he says, “which we neither see nor feel, that it is especially 
necessary to guard against the extravagances of the imagination, which 
always inclining to overstep the bounds of truth, is difficultly restrained 
by the narrow limits of facts.” The influence of heat upon the states of 
bodies is then illustrated, and their relative capacities for heat alluded to. 
He says that solidity, liquidity, and aériform elasticity, are only three 
different states of existence of the same matter, or three particular. 
modifications which almost all substances are susceptible of assuming 
successively, and which solely depend upon the degree of temperature to 
which they are exposed, or, in other words, “‘ upon the quantity of calorie 
with which they are penetrated.” In consequence of this influence of 
caloric, the possible existence of certain metallic substances in our — 
atmosphere 1s inferred ; “such a substance, for instance, a little more. 
volatile than mercury, might exist there.” Lavoisipr then proceeds to’ 
the analysis of atmospheric air, which he effects by exposing fifty cubical 
inches of it to heated mercury; it undergoes a decrease equal to one- 
sixth of its original bulk, and becomes unfit for respiration and com- 
bustion; at the same time, the quicksilver is partly converted into a — 
reddish matter, 45 grains of which heated red-hot in a proper retort, 
afforded 41°5 of running mercury, and 7 or 8 cubical inches of gas, 
eminently supporting combustion, and being the dephlogisticated air 
discovered by Prizstuey. The mixture of the 42 cubical inches of | 
the mephitie air of the retort, with the 8 cubical inches of dephlo- 
gisticated air, separated from the mercury, re-produce 50 cubic inches of — 
atmospheric air. mf 
Lavorsimr considered all aériform fluids as compounds of a pon-— 
derable basis, with caloric and light: in the above experiment, the 
ponderable part of the dephlogisticated air unites to the quicksilver, but 
the union is effected so slowly, that the phenomena of combustion are 
not perceived ; if, however, red-hot iron wire be introduced into the air 
evolved from the red compound of quicksilver, it acts readily upon it, 
and its decomposition is attended by the copious evolution of heat and 
light, while the iron undergoes an increase in weight equivalent to that 
of the air absorbed. ae 
In discussing the principles of nomenclature, most applicable to the 
different aériform fluids, Lavorsrpr retains, after the example of Mac- 4 
quer, the word gas, used first by Van Hutmont, as a generic term for all 
that differ from atmospheric air: he shows that one of the most general 
properties of vital or dephlogisticated air, is, to form acids, and hence he 
gives it the name of oxygen gas; the other element of the atmosphere is 
called azotic gas, from its fatal effects upon animal life, a term, “ com- 
mendable,” says Lavorsirr, “because it only expresses a matter of fact.” 
The combustion of sulphur, phosphorus, and carbon, is next shown — 
to be attended with the same phenomena as that of iron, namely, the 
extrication of heat and light, and the union of the ponderable part of © 
the oxygen with the combustible; and the principles of nomenclature — 
applicable to these different compounds are developed. Where oxygen * 
does not form an acid, its compounds are termed owides ; and where 
more than one oxide, or acid, is formed, the termination of the base ; 
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indicates its nature: thus there are four compounds of nitrogen with 
oxygen, two oxides, and two acids; the former are respectively termed 
nitrous and nitric oxides; and the latter, nitrous and nitric acids; the 
minimum and maximum of oxygen being in each case designated by the 
termination ows and ic. The term hydrogen is applied to inflammable 
air, shown by Cavenvisu to be the basis of water; and fixed air is called 
carbonic acid, since it is identical with the result of the combustion 
of charcoal, or carbon, in oxygen. In connexion with the latter subject, 
LAvoister made the important discovery of the production of carbonic acid 
by the combustion of the diamond. The destruction of this gem by fire 
was demonstrated by the Florentine Academicians as early as 1690; they 
exposed a diamond to the focus of a burning lens, and found that it was 
entirely evaporated ; and Francis the First, of Germany, witnessed the 
same phenomenon in the heat of a furnace. Lavoisirr proved that the 
diamond underwent no change when air was excluded; and that, when 
ignited in oxygen gas, it produced carbonic acid: whence the inevitable 
conclusion that the diam oiid and charcoal are identical in their nature ; 
and that the vast difference in their @ appearance and mechanical qualities 
is the result of aggregation ; that the one is crystallized; the other in a 
less indurated form. Unprecedented as such an idea may seem, it is not 
only warranted by the experiments of Lavorster and others, but also in 
some degree supported by analogy. ‘Thus, when argillaceous earth, which 
is a white pulverulent substance, is aggregated by mechanical attraction 
into a crystalline form, it constitutes the sapphire, one of the hardest and 
least destructible of the gems. In one state, the earth is soft, and 
readily soluble in acids; in the other, its insolubility equals its induration: 
but there is one anomaly, relating to the conducting power of the diamond 
and charcoal in regard to electricity; the former ranks among the non- 
conductors, the latter is a good conductor; and hitherto mechanical 
texture has not been clearly shown, in any strictly gigi lbs: cases, to 
interfere with the power of Behticting electricity. 

Among those who have further explored the phenomena of the com- 
bustion of the diamond, and who have verified and extended the original 
views of Lavotster, we find the names of some of the most eminent 
European Philosophers, Few subjects in Chemistry have been so care- 
fully pursued, and the united results of different experimentalists have 
rarely tallied with the precision which these researches present*. 


ty That the quantity of carbonic acid, | enlightened character; by those who 


afforded by a given weight of diamond, 
is the same as that yielded by a similar 
quantity of charcoal, is the great proof of 
the identity of thoseapparently dissimilar 
substances ; this was demonstrated in the 
year 1796, by the refined and elegant 
experiments of the late Mr. Tennant. 
Mr. §mithson Tennant was a profound 
_ philosopher, and a matchless companion : 
“his learning was without pedantry ; 
his wit without sarcasm ;—he was deep, 
but always clear; gentle, but never dull.” 
To those who knew him not, it is scarcely 


possible to offer an adequate represen- | 


tation of his singularly pleasing and 


ei 
2 
he 


enjoyed his acquaintance, and partook of 
his social hours, his extent of know- 
ledge, his happy and unrivalled talent 
for conversation, his harmless but bril- 
liant flashes of merriment, and all his 
amiable peculiarities, can never be for- 
gotten. Mr. Tennant was born in York- 
shire in 1761, and died at Boulogne in 
1815. He was the discoverer of the 
metals Iridium and Osmium, and the 
author of several important contributions 
to chemical science. 

See Biographical Account of Smithson 
Tennant, Esq., in THomson’s Annals of 
Philosophy, vol. vi. 
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‘Lavorsrer was the first who examined with requisite accuracy the — 


t 


products of the distillation of vegetable and animal substances, and who — 
drew a proper line of distinction between the educts and products thus — 


afforded ; he also inquired, with more success than any of his prede- 


cessors, into the phenomena of fermentation, and by examining the contents ~ 


of certain vegetable juices previous to and after that process, he drew. 
some very curious conclusions respecting the changes that take place. 

In his observations upon salifiable bases, and the formation of neutral 
salts, LAvotstER has described the phenomena of the solution of metals 
in the various acids: he adverts to the oxidizement of the metals 
previous to their solution, and to the consequent liberation of hydrogen; 


and has the following acute surmise respecting the nature of the alkaline 


earths, which then were considered as elementary bodies :—“ From these — 


phenomena it appears that oxygen is the bond of union between metals 
and acids, and from this we are led to suppose that. oxygen is contained 


in all substances which have a strong affinity with acids ; hence it is very 


probable that the four eminently salifiable earths contain oxygen, and 


that their capability of uniting with acids is produced by the intermedia- 


tion of that element. What I have formerly noticed relative to these 


earths, namely, that they. may very possibly be metallic oxides, with — 


which oxygen has a stronger affinity than with carbon, and consequently 


are not reducible by any known means, is considerably strengthened by 
the above considerations.” Sir H. Davy, in showing the combustibility 
of the metals of the alkalis in carbonic acid, has verified this anticipation. 

in the second part of the Elements, Lavoisier treats of the formation 


of Neutral Salts, and throws out new and important views relating to the — 


constitution of chemical compounds. Speaking of the influence of Light 
as a chemical agent, he adverts to its singular action upon the vegetable 
kingdom, and supposes that it combines with certain parts of vegetables, 
and that the green of their leaves, and the various colours of their flowers, 
are chiefly owing to this combination. “ This much,” he says, “ is certain, 
that plants which grow in darkness are perfectly white, languid, and 


unhealthy, and that to make them acquire vigour, and recover their natural — 


colours, the direct influence of light is absolutely necessary.. Somewhat 


similar takes place even in animals. Mankind degenerate to a certain — 


degree when employed in sedentary manufactures, or living in crowded 
houses, or in the narrow lanes of large ‘cities; whereas they improve in 
their nature and constitution in most of the country labours which are 
carried on in the open air.” : 
Lavoisier incorrectly refers the influence of light to its direct com- 


bination ; but it rather appears to modify, or exalt, the mutual agencies of — 


bodies: of this we have some remarkable instances; as in the action of 
chlorine upon hydrogen, and upon carbonic oxide; and of chlorine, and 


several of the chlorides, upon water; from which it occasions the evolu- — 
tion of oxygen, and the production of muriatic acid; this change gave — 


rise to the idea of the existence of oxygen and muriatic acid as the com- 


ponents of chlorine; the agency of water and the nature of muriatic 


acid not having been taken into the account. 


In his observations on the combinations of oxygen, the conditions — 


requisite to the oxidizement of bodies are mentioned ; such as the dimi-_ 


¥e 
’. 
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nution of aggregation by heat, which: causes many.substances to attract 
the oxygen of the atmosphere; their ignition with nitre, or with chlorate 
of potassa; and their solution in certain acids, especially the nitric. The 
combinations of the different combustible substances are next reviewed, 
and those of the acids and of some other compound bodies. 

The third part of the Elements is occupied with the description of a 
variety of chemical operations, which were exceedingly improved and 
extended by Lavoisier. He shines as the inventor of costly and com- 
plicated apparatus, the greater part of which might, however, have been 
superseded by simpler and cheaper utensils. 

This sketch of the contents of Lavoistmr’s Elements of Chemistry will 
sufficiently show the extent and perspicuity of his views as a theorist; 
and though the arrangement is open to objection, it was calculated for the 
use of the student, and fitted to display the strongest parts of the anti- 
phlogistic system in the most favourable light: it was, indeed, impossible 
that any one of unbiassed judgment could seriously retain the phlogistic 
doctrines after the perusal of this masterly refutation. If we look for the 
abstract facts upon which this refutation rests, we shall search in vain, 
either in the works of Lavoisier, or in those of his contemporaries: they 
were furnished from other quarters, and will, I think, chiefly be found 
in the writings of Mayow and Hooks, and in those of Prizstney and 
ScHEELE. The prominent features of the French theory are its explana- 
tion of the phenomena of combustion and of acidification, the presence of 
oxygen being deemed essential in both cases. That air is the food of fire 
was known in the remotest ages; that it causes the increase of weight 
sustained by metals during their fusion and calcination, was shown by 
Rey early in the seventeenth century; that a part only of the atmosphere, 
is concerned in the support of flame, was explained by Hooxz in 1667; 
and that the vital or igneous spirit, as he terms it, of the atmosphere, is 
concerned in the formation of acids, was asserted by Mayow in 1674. 
Here, without advancing into the eighteenth century, we have, in explicit 
detail, all the facts and arguments requisite for the construction of the 
French theory; but if to these we add the discovery of Oxygen by Prixst- 
LEY, and of the composition of water by CAVENDISH and Watt, what then 
becomes of its claim to originality? 

_ It must be regretted that those who have censured LAvorster with 
occasional uncandid and unacknowledged appropriation of the thoughts of 
others, have some grounds for the accusation. In bringing forward his 
theory of combustion, why did he not refer to the opinions of Rey and 
Mayow? why refuse praise and acknowledgment to Buack, and ScHEELE, 
and CAVENDIsH; or why appropriate the discovery of oxygen, in the face 
of the prior, indisputable, and known claims, of his friend and contem- 
porary, Priestiry? These are questions we cannot now answer; but 
those who have grounded indiscriminate and severe censure upon such 
accusations, have neither been animated by the unprejudiced spirit of true 
philosophy, nor guided by the unbiassed love of truth. It must be remem- 
bered that Lavorster was never fairly confronted by these rivals and 
antagonists ; that unintentional inadvertency often accompanies scientific 
ardour; that, in the eagerness of pursuit, he may have neglected that 
which, in a. calmer hour, he would have seen, regretted, and ackno wledged ; 
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and that, in the hurry of discussion and heat of controversy, he was sud- 


denly summoned to eternity *. 


* 'Two scarce volumes of the posthu- 
mous works of Lavoisier are extant, con- 
sisting, in great measure, of extracts 
from, and sketches of, his different papers 
read before the Royal Academy of Sci- 
ences; but several original Observations 
and Essays are also dispersed among 
them. They, in some degree, justify the 
observations which I have made in the 
text, that, had Lavoisier lived, he would 
have done merited justice to his predeces- 
sors and contemporaries, for he candidly 
reviews their opinions, and compares 
them with his own; at the same time, the 
following passage cannot be regarded as 
perfectly candid towards Rey, who, as I 
have shown above, founded his argu- 
ments, not upon hypothesis, but upon 
experiment. 

I insert a long quotation, that there 
may be no misunderstanding upon the 
subject. 

After stating the prevailing phlogistic 
notions entertained at that period, he 
proceeds as follows:—‘Tel étoit Pétat 
des connoissances, lorsqu’une suite d’ex- 
périences, enterprises en 1772 sur les dif- 
férentes espéces d’air, ou de gaz qui se 
dégagent dans les effervescences et dans 
un grand nombre d’opérations chimiques, 
me firent connoitre, d’une maniére dé- 
monstrative, quelle étoit la cause de 
Paugmentation de poids, qu’acquiérent 
les métaux lorsqu’on les expose 3 l’action 
du feu. J ignorois alors ce que Jean Rey 
avoit écrit 4 ce sujet en 1630; et quand 
je Paurois connu, je n’aurois pu regarder 
son opinion a cet égard, que comme une 
assertion vague, propre & faire honneur 
au génie de l’auteur, mais qui ne dispen- 
gait pas les chimistes de constater la vé- 
rité de son opinion par des expériences, 
J’étois jeune, j’étois nouvellement entré 
dans la carriére des sciences, j’étois avide 
de gloire, et je crus devoir prendre quel- 
ques précautions pour m’assurer la pro- 
priété de ma découverte, Il y avoit a 
cette époque, une correspondance habi- 
tuelle entre les savans de France et ceux 
d’ Angleterre; il regnoit entre les deux 
nations, une sorte de rivalité qui donnoit 
de Vimportance aux expériences nou- 
velles, et que portoit quelquefois les 
écrivains de Pune ou de l’autre nation, 
a les contester & leur véritable auteur ; 
je crus done devoir déposer, le 1" No- 
vembre, 1772, Vécrit suivant cacheté, 
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entre les mains du Secrétaire de l’Aca~ 
démie. «Ce dépét a été ouvert a la 


'séance du 5™¢ Mai suivant, et mention 


du tout a été faite en téte de écrit. IL 
étoit concgu en ces termes :— 

“Tl y a environ huit jours que j’ai dé- 
couvert, que le soufre en briilant, loi de 
perdre de son poids, en acqui¢roit au 
contraire; c’est a dire, que d’une livre de 
soufre on pouvoit retirer beaucoup plus 


d@une livre d’acide vitriolique, abstrac- 


tion faite de ’humidité de Vair; il en’ 
est du méme du phosphore: cette aug- 
mentation de poids vient d’une quantité 
prodigieuse d’air qui se fixe pendant la 
combustion, et qui se combine avec les 
vapeurs. 


“ Cette découverte que j’ai constatée — 


par des expériences que je regarde 
comme décisives, m’a fait penser que ce 
qui s’observoit dans le combustion du 
soufre et du phosphore, pouvoit bien avoir 
lieu a ’égard de tous les corps qui ac- 
quierent du poids par la combustion et 
la calcination: et je me suis persuadé, 
que augmentation de poids des chaua 
métalliques, tenoit &4 la méme cause. 
L’expérience a completement confirmé 
mes conjectures : j’ai fait la reduction de 
la litharge dans des vaisseaux fermés, 
avec l’appareil de Hales, et j’ai observé 
qu il se dégageoit, au moment du passage 
de la chaux en métal, une quantité con- 
sidérable d’air, et que cet air formoit un 
volume au moins mille fois plus grand 
que la quantité de litharge employée.. 
Cette découverte me paroissant une des 
plus intéressantes qui ait été faite depuis 
Stahl, j’ai cru devoir m’en assurer la 


propriété, en faisant le présent dépdt | 
entre les mains du Secrétaire de ’Aca= 


démie, pour demeurer secret jusqu’au, 
moment ot jepublierai mes expériences.” 
(Signé) “ LAVOISIER.” 


“Ein rapprochant cette premiere notice 
de celle que j’avois déposée & ’ Académie 


le 26° Octobre précédent, sur la com- | 


bustion du phosphore, du mémoire que 
jai lu & PAcadémie & sa séance publique 
de Paques 1773, enfin, de ceux que j’ai 
successivement publiés, il est aisé de 
voir, que j’avois concu dés 1772, tout 
Vensemble du systéme que j’ai publié 
depuis sur la combustion. Cette théorie 


a laquelle j’ai donné de nombreux déve- 


loppemens en 1777, et que jai. porté, 


a 
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Although LAvorsier made few original discoveries, his talents were 
perhaps more usefully employed in setting forth and elucidating the 
researches of others, a task which he performed with great skill and suc- 
cess: in reviewing hypotheses, he diligently contrasts them with facts; 
weight and measure, which had been introduced into chemistry by Brre- 
MAN, were strictly insisted upon in all his manipulations, and in his hands 
_ chemistry assumed the features of a new branch of knowledge, and put on 


its present character. 
Connected with the 


labours of LAvorster is the celebrated reform of 


chemical nomenclature effected by him and his associates, among the 
most eminent of whom we may enumerate Guyton Morvnau*, Four- 
croyt, and Cuapran{t. The former, amidst varied occupations, pursued 


presque dés cette époque 4 état ott elle 


est aujourd’hui, n’a commencé 4 étre en- | 


seignée par Fourcroy, que dans Vhiver de 


1786 » 1787; elle n’a été adoptée par | 


Guyton Morveau, qu’a une époque pos- 
i¢rieure: enfin, en 1785 Berthollet écri- 


voit encore dans le systéme du phlogis- | 


tique. Ceite théorie n’est donc pas, comme 
je Pentends dire, la théorie des Chimistes 
Francois: elle est la mienne, et c’est une 
propriété que je réclame auprés de mes 
contemporains et de la postérité.” 

* Born at Dijon, 1737; died, 1815. 
“Guyton Morveau,” says Davy, “ was 
very old when I made his acquaintance ; 
between seventy and eighty, and very 
feeble. Though he had been a violent 
republican, he was Bonaparte’s director 
of the mint, and a baron of the empire. 
His manners were mild and concilia- 
tory; and it is a proof. of the energy of 
his mind, that having promised his vote 
to a person, as Corresponding Member 
of the Institute, he kept his promise, 
and my election wanted only his voice 
to be unanimous. Having never, when 
in France, inquired into the intrigues 
connected with elections, or interested 
myself about them, I should not have 
known this had he not himself told me 
so when I dined afterwards at his house.” 
—Davy’s Life, by Dr. Joun Davy. 

+ Born at Paris, 1755; died, 1809. 

+ L have extracted the following notice 
of Chaptal from the address of H. R. H. 
the Duke of Sussex, delivered at the An- 
niversary Meeting of the Royal Society, 
November 30, 1832 :— 

“Jean Antoine Chaptal, Comte de 
Chanteloup, was born in 1756, and died 
in April last, in the 76th year of his age. 
He was Professor of Chemistry at Mont- 


pellier before the Revolution, and was one 


of the most active cultivators of chemical 
science before that event, in conjunction 


with Monge, Fourcroy, Berthollet, Guy- 
ton de Morveau, and the iilustrious La- 
voisier.. In the year 1793, upon the > 
threatened invasion of France by the 
Allies, when saltpetre was not to be pro- 
cured in sufficient quantities for the 
manufacture of the powder wanted by 
the French armies, he was invited by 
the Committee of Public Safety to super- 
intend the establishments for that pur- 
pose; and his chemical knowledge so 
greatly improved the method followed 
in its manufacture, as in a very short 
time to make the produce greatly ex- 
ceed the demand. He was made Mini- 
stre de ?Intérieuwr by Napoleon, and con- 
tinued under the Empire to fill many 
important situations. He was the author 
of considerable works on chemistry, on 
the application of chemistry to the arts, 
on the application of chemistry to agri- 
culture, on the art of making wines, and’ 
on the art of dyeing cotton and wool, 
which are written in a very perspicuous 
and elegant style, and which have en- 
joyed a very considerable popularity in 
France. The labours of his whole life, 
in fact, were devoted to the improve- 
ment of those manufactures whose per- 
fection depended more or less upon the 
most correct and economical application 
of chemical principles; and, after his 
distinguished countryman, Berthollet,he 
must be placed in the first rank of those 
who have benefited the arts through the 
medium of chemical science.” 


“ Chaptal,” says Sir H. Davy, “for a 
long while Bonaparte’s Minister of the 
Interior, was an active, amusing, in- 
triguing courtier and chemist, and some- 
what acquainted with the state of the 
chemical arts in France. Not very ex- 
act in conversation, and a little boasting, 
yet good natured, and with lively man~ 
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chemistry with successful diligence, and, had he given nothing else to the 
science, his name deserves to be transmitted to posterity, as the inventor 
of the means of destroying infection by acid vapours, the efficacy of which 
_he> first pointed out in the year 1773. His first essay on the reform of 
nomenclature was published in the Journal de Physique for May, 1782, 
and although it was strenuously opposed by the colossal power .of the 
Royal Academy of Paris, the plan was not only.afterwards approved, but 
prosecuted by the eminent chemists of that metropolis. The different 
papers and correspondence relating to this subject are, in many respects, 
curious and interesting, from the difference of opinion which prevailed 
respecting the terms he adopted, and the ultimate benefit likely to result 
from the reformation, Fourcroy is a well-known name in the chemical 
world; his works rank among the most celebrated which France has 
produced in the science: he is the first author who published a System 
of chemistry. CHApTAL was a successful contributor to the Chemistry of 
the Arts. 

The difficulties attending an entire reform in the nomenclature of 
chemical science may be well imagined; they were encountered with 
considerable address; and it must be confessed, that, while it particularly 
tended to the dissemination of the anti-phlogistie doctrines, it facilitated 
the general acquisition of the science; the ludicrous terms of the alche- — 
mists were rejected, and names founded upon the nature of compound. 
bodies, and upon the leading qualities of elementary substances, became 
their more sensible substitutes. It is true, that the progress of science 
has rendered much of the French nomenclature objectionable, and that it 
has been requisite to modify many of its terms, more especially such as 
were founded on erroneous theory: others, though objectionable, have 
been retained, rather than submit to the serious inconvenience to which 
repeated innovations tend; and nothing short of absolute necessity can 
justify us in changing old and accepted terms for those of more recent 
coinage. In the selection of names necessarily new, some leading and 
obvious property, independent of theory, should be selected as their basis; 
such terms as iodine, bromine, and chlorine, are in this respect unexcep- 
tionable. To the subjoined opinion upon this subject, by Sir H. Davy *, 
I entirely subscribe:— 

“‘ Simplicity and precision ought to be the characteristics of a scientific 
nomenclature; words should signify things, or the analogies of things, 
and not opinions. If all the elements were certainly known, the principle 
adopted by Lavorsier would have possessed an admirable application ; 
but a substance in one age supposed to be simple, in another is proved to 
be compound ; and vice versd. A theoretical nomenclature is liable to 
continued alteration; oxygenated muriatic acid is as improper a name 
as dephlogisticated marine acid. Every school believes itself in the right ; 
and if every school assumes to itself the liberty of altering the names of 
chemical substances, in consequence of new ideas of their composition or 


ners, and quiet and ready conversation. | so, he hes contributed more than any 
More a man of the world than any of the | other individual, except his master, to the 
savants of his day in France. It is said | military glory of the modern Briton.” 

that he was author of Napoleon’s decrees * Elements of Chemical Philosophy, pp. 
aimed at the commerce of England; if | 46, 47. 2 
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decomposition, there can be no permanency in the language of the science; 
it must always be confused and uncertain. Bodies, which are similar to 
each other, should always be classed together; and there is a presump- 
tion that their composition is analogous. Metals, earths, alkalies, are 
appropriate names for the bodies they represent, and independent of all 
speculative views; whereas, oxides, sulphurets, and muriates, are terms 
founded upon opinions of the composition of bodies, some of which have 
been already found erroneous. The least dangerous mode of giving a 
systematic form to a language seems to be to signify the analogies of 
substances by some common sign affixed to the beginning, or the termi- 
nation of the word. Thus, as the metals have been distinguished by a 
termination in wm, as aurum, so their calciform, or oxidated state, might 
have been dénoted by a termination in a, as aura; and no progress, 


however great, in the science, could render it necessary that such a mode 
of appellation should be changed. Moreover, the principle of a composite 


nomenclature must always be very limited. It is scarcely possible to 
represent bodies consisting of ‘five or six elements in this way, and yet it 
is in such difficult cases that a name implying a chemical truth would be 
most useful.” 


Among the causes that have contributed to the recent progress of 


- chemical science, we have already had occasion to advert to the doctrine 


of definite proportionals, which has enabled us to submit many of the 


phenomena of chemistry to calculation, and which promises to elucidate 


‘some of its most abstruse parts upon mathematical principles; but the 
chief source of the rapid advancement of chemistry during the present age, 


is doubtless the discovery of the relation of electrical to chemical changes; 


a discovery which has unfolded entirely new views of the mutual agencies 
‘of bodies, and which has equally furnished the theoretical and practical 


chemist with materials for speculative and experimental inquiry. 
The curious experiments of Gatvant upon the convulsions excited in 
the limbs of animals, by the application of certain metals to their mus- 


‘cular and nervous fibres, led Voura to investigate the cause of such 
_ phenomena, and to attempt the accumulation of the electricity, to which 


he suspected they were to be referred: this he attained by successive 
alternations of different metals with substances acting chemically upon 
one of them; and he found that the extremities of such a pile were in 


‘opposite electrical states, and that the intensity of the electricity aug- 


mented the number of alternations. This instrument has been produc- 
tive of vast discoveries, which are yet far from exhausted, and has given 


rise, in the hands of Davy, to a new and curious department of chemical 


philosophy, into the history of which I shall enter a little more in detail, - 
chiefly with a view of showing the singular talent and sagacity with which 
a difficult and intricate branch of science was successfully pursued and 
illustrated by that eminent individual. 


It appears, from the “ additional observations,” appended to his 


“Chemical Researches, upon Nitrous Oxide, &c., published in 1800, that 
‘Sir H. Davy had no sooner heard of Vorra’s 


‘was awakened to their bearings upon chemic¢c 


researches, than his mind 
al changes; and from that 


period, to the time of his first publication upon the subject, he seems not 


to have lost sight of the inquiry; indeed it was his characteristic habit 
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to examine without delay all novel results of other philosophers, and 
when. he had confirmed their accuracy, he generally rendered them sub- 
servient to further discoyery. Accordingly, we find that the first paper 
which he presented to the Royal Society (read the 18th of June, 1801,) 
was “ An Account of some Galvanic Combinations formed by the Arrange- 
ment of single metallic Plates and Fluids, analogous to the Galvanie 
Apparatus of Volta,’ and it contains several curious and interesting facts 
upon a subject which now began to excite general attention, and attracted 
the notice of many skilful experimentalists. The first harvest of fame, 
however, in this field of inquiry, was reserved for Davy; and the Bakerian 
Lecture for 1806 contains a series of propositions and experiments, in 
reference to the chemical agencies of electricity, which at once display the 
masterly energies of the authors mind in passing from experiment to 
theory, and in the employment of that theory as the source of new, pro- 
found, and elaborate researches. About the time this paper was pub- 
lished, a great and important question respecting the agencies of elec- 
tricity was undecided ; it was not known whether electricity had the 
power of generating certain forms of matter, or whether they were merely 
elicited, by its influence, from compounds which escaped common modes 
of detection. Water, for instance, was found not merely to be resolved 
into its ultimate gaseous components, but their evolution was constantly 
connected with the appearance of acid and alkaline matter, and that, 
although every precaution was apparently taken to exclude foreign mat- 
ters and all sources of impurity. Hence it was imagined that water 
either contained the elements of these bodies, or that it produced them by 
uniting with the electric fluids, or that they were actually conveyed, by some 
mysterious route, from the cells of the pile; indeed, it would be useless 
to enumerate all the speculations originating in these paradoxical pheno- 
mena; but it will be profitable to glance at the manner in which the 
difficulties were encountered by our author. He first repeated all that 
had been done by others, and criticized and compared their proceedings; 
he then electrized distilled water, and found, as they had found, the 
evolution of saline, alkaline, and acid bodies; but he also found that the 
more rigidly he purified the water, the smaller was the evolution of these 
products; a fact militating against their supposed source; still, however, 


they made their appearance. He now directed his attention to the ves. — 
sels which were used, and succeeded in referring to them several extraneous" 


bodies; thus glass, porcelain, and several mineral substances, yielded 
more or less foreign matter, which was successfully excluded when gold 


or platinum was substituted; but still, water, which had been redistilled 


at a low temperature in a silver alembic, did afford acid and alkali; the 
source of this was next traced to the hands of the operator, and the 
accidental contact of test-papers, all which were consequently avoided, 
with a proportionate diminution of the problematical appearances; but 
they were yet present, for notwithstanding all precautions, litmus was 


reddened in the positive, and turmeric rendered brown in the negative | 
vessel: it was now, however, found that the acid and alkali were nitric 


acid and ammonia; substances producible by new arrangements of the 
elements of air and water; and accordingly when very pure water, care- 
fully deprived, and kept from the contact, of air, was electrized in vacuo, 
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in cones of gold, which had not been handled, nothing but oxygen and 
hydrogen were elicited from it. ; 

The question, therefore, concerning the origin of the appearances cited, 
was now so far satisfactorily determined. He then entered into many 
valuable contingent inquiries, and proves this essential fact, that electricity 
has the power not merely of rendering evident the smallest traces of 
foreign matter, but of decomposing compounds with apparent facility and 
perfection, the elements of which are held together by the strongest 
chemical attractive force; whence it was concluded that substances, 
hitherto deemed simple or elementary, might, under this all-powerful 
decomposing agent, afford evidence of a compound nature, and yield either 
known or new elementary bodies. The inquiry was accordingly resumed. 
under this new light; and the Bakerian Lecture, read to the Royal Society, 
in November, 1807, contains the results to which it led. The first sub- 
stances which occurred as likely to afford successful and novel information 
were the fixed alkalis. Upon subjecting caustic potassa to the action of 
the voltaic pile, it was found not to conduct electricity; and when its 
aqueous solution was used, the water only appeared to suffer decomposi- 
tion, After several unsuccessful trials, it was at length found that the 
alkali, gently breathed upon, became sufficiently moist to suffer the 
transfer of electricity, and the appearances were very remarkable; effer- 
vescence ensued at the positive pole, and, at the negative, there appeared 
small and brilliant globules of a perfectly metallic appearance, but which 
presently burned upon exposure to air, and seemed to reproduce the 
alkali. There now could be little doubt that this matter was the base of 
potassa; but it became necessary to collect and preserve it for examination; 
and this was a task attended by many serious and apparently insurmount- 
able obstacles, for the globules were successively immersed in a great 
yariety of fluids, upon all of which they had more or less action, and none 
of which afforded a means of retaining them in a metallic state; at length 
the fluid called naphtha was successfully employed, and in it they were 
collected and preserved for a considerable time without material alteration. 
They were found truly metallic, eminently combustible, remarkably light, 
acting energetically and inflaming upon water, and producing potassa by 
their union with oxygen. Many of their other properties were also de- 
termined; and it here deserves especially to be mentioned, that although 
potassium, for so this new metal was called, was only obtained in minute 
atoms and a few grains in weight, all its essential properties, as subse- 
quently determined, were correctly and minutely made out. Sodium was 
next obtained from soda by the same new method of decomposition; and 
shortly after the alkaline earths were shown to contain analogous inflam- 
mable and metallic bases. The Philosophical Transactions for several 
subsequent years contain continuations of these inquiries, which were 
actively and successfully pursued by their author, and which speedily 
attracting the admiration of the scientific world, induced others to resume 
and extend them. . 

In the year 1810 the subject of Sir Humpury’s Bakerian Lecture is 
the “ Oxymuriatic acid and its compounds,” a subject which is pursued in 
Several successive communications, abounding in original views and new 
discoveries. It is in these papers that the true nature of oxymuriatic 
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acid is demonstrated, that the views of ScuEELE respecting it are esta- _ 


blished, and that the erroneous reasoning regarding its composition, 
originating with Brrruontet, and sanctioned by the assent of the 
‘chemists of Europe, is refuted and subverted. Much acute reasoning, 


‘and many specimens of the true logic of the science, are to be found in © 


these details, blended with sound descriptions of new compounds, and new 
applications of the facts that were developed : it is here that the nature of 
the muriatic acid is first demonstrated; that oxymuriatic acid (under the 
new name of chlorine) is shown to be an undecompounded substance; 
that a multiplicity of erroneous views respecting their compounds are 
‘corrected, and others established upon the basis of experiment, to the 
exclusion of hypothetical reasoning. - The new theory to which these 
inquiries led was actively canvassed and opposed; but the objections 
urged against it necessarily yielded to the sound arguments and unequi- 
vocal experiments upon which it was founded, and the fame which the 
author acquired, by the gradual admission and general adoption of these 
new modes of reasoning and of research, was scarcely inferior to that 
which rewarded his more brilliant discovery of the alkaline bases. The 
several papers which follow this Lecture, and in which, among other 
‘subjects, the nature of fluorine and of iodine are discussed, may be con- 
‘sidered as continuations and illustrations of the Bakerian Lecture, and © 
they each contain further proofs of the inventive genius and talent of 
their author. : 
Davy had ‘now established himself as one of the first chemists of 
Europe: whether we found his claims to that distinction upon the number 
and importance of his original discoveries, or upon the profundity of his 
reasoning powers displayed in their applications, and stamping a peculiar 
character upon his inquiries. About this time he became desirous of 
embodying the results of his labours, and of displaying them in a more 
connected and systematic form, and, accordingly, in 1810, he published 
the first volume of his Elements of Chemical Philosophy, a work which, 
though it bears some marks of hasty composition, is abundant in evidence 
of the author’s talent as an eloquent writer, a clear reasoner, and a shrewd 
and sagacious experimentalist. It is to be regretted that the second 
volume of this work never appeared ; for although it be true that the 


first chiefly embraced those parts of the science which had been the par- _ 


‘ticular objects of his successful studies, it cannot be doubted that his 
genius would have cast a new light upon the department of chemistry with 
which he was less immediately intimate. His Elements of Agricultural 
Chemistry appeared shortly after the Chemical Philosophy; it isa work 
containing some new and useful facts and views, and is well adapted to 
the capacities of those whom he intended to instruct. 

Sir Humpury had now laid a secure and deep foundation of permanent 
eminence and imperishable reputation as a chemical philosopher of : the 
first class; but whilst he was thus employed, he was at the same time 
reaping equally verdant, though less durable laurels, as a lecturer; his 
‘style was peculiar and impressive; his eloquence powerful and: appro- 
priate; his experiments brilliant and original ; his reasoning refined and 
acute. But to dwell further upon this subject would lead me to bio- 
graphical particulars respecting his connexion with the Royal-Institution, 
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and to details not immediately belonging to my present object, which I 
willingly, and, indeed, anxiously avoid, and turn with reese to his 
discovery of the SAFETY-LAMP. 

The first paper in relation to this subject is printed i in the Philosophical 
Transactions for 1815, and was followed by four communications bearing 
upon the same inquiry, the last of which was read’ to the Royal Society 
in January, ]817. These essays would alone characterize their author as 
a philosopher of no common stamp. Finding that flame would not recede 
through tubes of very small diameters, the idea occurred to him of con- 
structing a Jamp, the flame of which should have no connexion with the 
surrounding air, except by capillary tubes; and he inferred, from previous 
experiments, that such a lamp might safely be employed for the illumina- 
tion of coal-mines infested with the explosive atmosphere commonly called 

Jjire-damp. He then endeavoured to ascertain the extent to which the 
tubes might be shortened without interfering with the principle of safety, 
and was thus led to cut them down till their transverse section: became 
a series of fine meshes: this so closely resembled wire-gauze, that he was 
induced to try how far that tissue would prevent the passage of flame, 
and finding it effectual, he employed it in the construction of his lamp, 
and ultimately adopted the simple and efficient arrangement now in general 
and successful use. His researches respecting the nature of flame, and the 
temperatures at which combustion may, under various circumstances, be 
earried on, are parts of this general inquiry, and are not less ingenious 
than original. 

Sir Josepn Banxs, who had been for so many years President of the 
Royal Society, died in June, 1820, and on the 30th of November follow- 
ing, Sir Humpnry Davy succeeded to that high and honourable office. 
His Discourses, delivered on various occasions before that body, will 
give a fair idea of the general style of his eloquence and power in 
oratorical composition. He continued to contribute papers as heretofore, 
and some of them upon subjects of much interest, ably and philosophically 
discussed ; among them, the essays on the modes of protecting the copper 
sheathing of ships deserve especial notice *. 

In the course of the year 1827, Sir Humpury’s general state of health 
became much impaired; he passed the greater part of the year 1828 
in Italy, and terminated his memorable existence at Geneva, in Mey, 
1829, in the fifty-second year of his age. 

Of this eminent and extraordinary person two biographical memoirs 
have appeared, the one by Dr. Paris, in 1831; and the other by his 
brother, Dr. Joan Davy, in 1836.: N either of these works will perhaps 
perfectly satisfy the hee reader: they contain a variety of interesting 
and important matter, but are scarcely sufficiently ample in reference to 
those events in Sir Humpury’s life, principally connected with his 
chemical pursuits, and his philosophical eminence. Dr. Davy has, 
however, to a considerable extent filled this chasm in his brother's bis 

graphy by the recent republication of his Life, in the form of a _pre- 
fatory memoir to Sir Humpury’s collected works. These volumes are a 
valuable addition to the philosophical literature of Europe, and furnish the 
chemical reader with a work of reference of great interest and usefulness. 


* A list of Sir Humphry Davy’s principal publications will be found at the end 
of Dr. Paris’s work. be 
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I became acquainted with Sir H. Davy very soon after his arrival in 
London in 1801, having been introduced to him by Mr. Harcunrr, as a 
boy fond of chemistry: I was at that time at Westminster School, and 
often stole away upon a half holiday, to pass an occasional hour at the 
‘Royal Institution ; soon afterwards I went abroad, and as soon as possi- 
ble after my return, I renewed my acquaintance with Sir Humrnry; this 
acquaintance ripened into the friendship which so long subsisted between 
us, and which ultimately led to an event of which I shall always be justly 
proud, that of having been recommended by himself as a proper person — 
to succeed him as Professor of Chemistry in the Royal Institution; to 
which office, after haying delivered a probationary course of lectures 
during the preceding spring, I was unanimously elected on the 7th of 
June, 1813. From the time that Sir Humpnury quitted England for the 
Continent, in October, 1813, till his return in 1815, and during his sub- 
sequent visit in 1818, till his return in 1820, he regularly corresponded 
with me; and in the intermediate periods I was almost constantly in the 
enjoyment of his friendship and his society, or a witness and occasional 
assistant in his experimental labours in the laboratory of the Royal 
Institution. 
From this correspondence I have selected three letters, which may, I 
think, be interesting, as relating to some of the points touched upon in 
the preceding paragraphs :— 
My dear Sir, Paris, December 11, 1813. 

I sat enclose for the Royal Society a paper, containing results that, I 
think, will interest you, You will be so good as to give the paper to Sir J oseph as 
soon as you have perused it. I have sent him a copy, of which this is a duplicate. 
I wish that it may be read to the Royal Society as soon as possible. I transmit 
this copy to you, thinking that as you are preparing your Course, you will be glad 
to make an acquaintance with (iodine) a fourth supporter of combustion. "Will you 
have the kindness to inform my brother with the contents of the paper ; and request 
him to use some delicacy in communicating them to Dr. Hope, lest too great a 
shock should be given to the Professor, in finding the last hopes of oxymuriatic _ 
acid destroyed? JI am only joking, for I know the Doctor is at the bottom too — 
genuine a lover of science, and of truth, and of order, to preserve an arrangement — 
which will have few. advocates three months hence. ag 

I leave Paris in a few days for Auvergne. You can write to me by the 
Transport Board on any matters of science, the letter being open, and sent under 
cover to Monsieur le Senateur Comte Real, Bureau de Police, Paris, Kind 
remembrances to all friends. Lady Davy desires her best compliments. pou 

Tam, my dear Sir, very sincerely yours, ; 
Wn. T. Brande, Esq., Secretary to the Royal Society, H. Davy. 
Royal Institution, 21, Albemarle Street, London. 


His next letter is written soon after his arrival in Italy, in 1818*. | 


in a letter to Sir Joseph Banks, which I am sure 

he will show you, and, therefore, will not tire 

you with repetitions. f 
Pray remember me, with the best wishes that 


*The first paragraph relates to my 
marriage. I had previously received 
from him the following note, which 1 


insert as a proof of the kindness of his 
feelings, and a specimen of his expres- 
sion of them : 
Venice, June 26, 1818. 

My dear Sir,—Probably before you receive this 
letter you will be one of the happiest men in the 
world. You cannot be happier than I wish you 
tobe: may you long enjoy all the best blessings 
that life can bestow, and health give relish to. 

We have had a very prosperous journey here. 
The little scientific news there is, I haye collected 


can come from a friend, whose wishes are hopes 


for, and even perfect confidence in, your happi- 


ness, to her whom, in my next letter, I hope I 
shall have authority to call by your name, : 


I mention Trieste as the place where, if you will = 


be so good as to write to me, I shall be sure of re- 
ceiving your letter. 
Iam, my dear Sir, 
very sincerely yours, 
W. T. Brande, Esq., H. Davy, 
Royal Institution. 
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My dear Sir, tn  Idria, August 23, 1818. 

I nope this letter will not arrive before you are not’ only benedictus but 
beatus ; for if this word can at all apply to man in this mortal state, it is at sucha 
time, and under such circumstances. tf : 

Since I wrote to you, at Vienna, we have made a very long journey. I have 
visited the most interesting parts of Hungary, Styria, Saltzbourg, and Carinthia, and - 
have seen some mountain scenery quite as worthy of admiration as any I ever saw in 
the [Swiss Alps. I have lived amongst mountaineers purer and more uncor- 
rupted than even the Swiss. We have had delightful weather, and haye had full 
enjoyment of summer, fine but not sultry, in districts where, without fine weather, 
there could have been but little pleasure. 

I will not write a geological letter, or describe to you the great calcareous 
mountain-chain that runs from Keynoud, in Hungary, to Berchtesgarten in Ba- 
varia, and to the centre of Carniola, with its belts of breccia, its intersections of 
schist, and its central column of granite, * * * * * But I will give you a line 
on the quicksilver mines, which I came here to see. The formation is in bituminous 
schist, which sometimes emits inflammable air, and which alternates with limestone, 
like the Derbyshire. I have this day been down 1120 feet, and returned without 
being salivated, 1 pity the poor workmen, who all lose their teeth in a very short 
time. The veins of cinnabar are very beautiful; and one I saw nearly a foot in 
thickness. My wife went down with me, and visited the whole mine, which is 
rather a feat to be tallced of for a lady. 

I found a good deal of inflammable air (Carburetted Hydrogen) in the great 
salt-mine at Helstedt; the salt, like the quicksilver here, is in bituminous schist. 
I taught them the use of the lamp, which, notwithstanding the science of their 
imperial proprietor, they were still unacquainted with. A good many men had 
been burned a few months ago. The inflammable air is found in largest quantities 
where the dlwe salt is. I have been again searching in vain for the cause of this 
extraordinary colour. 

I sent, in a letter to Mr. Hatchett, a little of Professor West’s new metal, 
Sirium; I doubt its being a simple substance ; perhaps you will try a few experi- 
ments upon it. I believe I mentioned to you, in my last letter, Count Stadion’s 
Oxychloric acid; a very curious substance, very like sulphuric acid, and containing 
much more oxygen than Gay Lussac’s acid. I have used detonating powder for 
Riviére’s gun, made with the oxychlorate of Potassa, to use Stadion’s name, and it 
answers perfectly, I am nowin the Proteus country, and hope to send Sir Everard 
Home some alive; I go to the caverns where they are found, the day after to- 

“morrow. I have seen nothing, and heard nothing, from England for two months. 
Pray address to me, Rome. I shall probably be there by the middle of October, 
on our way to Naples. 

With every kind wish for your happiness, and that of her most dear to you, in 
which my wife joins me, 

I am, my dear Sir, very sincerely yours, 
. Wm. Thos, Brande, Esq., Sec., R.S. II. Davy. 
Royal Institution, Albemarle Street, London. 


The third letter was written shortly previous to his return to Eng- 
land, and to the death of Sir Josepu Banks, who expired at his villa at 
Spring Grove, near Isleworth, on the 19th of June, 1820, 


Hotel de la Paix, Rue de la Paix, Paris, May 20, 1820, 
My dear Sir, 
. Ir is long since I haye written to you, but unless I have something to com- 
-municate, I do not like to trouble my friends; and in Italy, unless I rung changes 
upon my own small stock of scientific results, I had nothing to state in the way of 
chemical or philosophical information. 
Here, there is little going on which you will not have seen noticed in the journals. 
A subject which seems to awaken much attention, is the increase of temperature of 
the surface of the globe, at considerable depths. If the results can be depended on, 
and are not influenced by accidental causes, the geometricians say they prove that 
at a few miles below the surface, the interior must be intensely hot ; of a tempera- 
ae 
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ture far beyond that produced in any of our artificial operations. The subject is, — 
at all events, a very curious one, and, in its geological relations, worth a very minute 
investigation. 

Lord and Lady Spencer are here, and will be here for some time: they this 
morning gave me a piece of news which I hope is incorrect, but which makes us all 
very uneasy: it is that Sir Joseph is going to resign the chair of the Royal Society. 
* * * * * Pray write me a few lines, to tell me if this be true. Feeling very 
much interested in the progress of science in Great Britain, and in the dignity of 
scientific men, and of the Royal Society, I shall deeply regret such a measure, if it 
be in contemplation, * * * * * * .* From the way in which Lord Spencer 
expressed himself,I have no doubt he would accept the chair; at the same time, 
I did not put the question to him, but Lord Spencer,or * * * * * * © * 
would give dignity to the situation; and scientific Vice Presidents, might keep 
alive the scientific character of the body. * * * * * * Pray write to me by 
return of post upon this subject, which I think is almost a national one. a 

IT am much obliged to you for your Manual, which is the best collection and 
arrangement of chemical science existing. I have given the only copy I have 
received to Sementini, who is going to publish immediately an Italian translation of 
it. I preferred making it subservient to the progress of science, to keeping it for 
my own gratification. Lady Davy joins me in kind remembrances to Mrs. Brande. 

Believe me to be, my dear sir, very sincerely yours, 
Wnm. Brande, Esq., Sec. R. S., &c. H. Davy. 

Royal Institution, Albemarle Street, London. S 


Of Sir Humenry’s latter days, the following particulars are extracted 
from the interesting narrative of his friend and physician, Dr. Tosin, 
who accompanied him on his last journey into Italy, and was with him 
till his death. Dr. Tosin says, that on his arrival in London, March 26, 
1828, he found Sir Humpury much altered during the four years which 
had elapsed since he last saw him, and it was evident that although his 
mind was still vigorous and full of energy, his bodily infirmities pressed — 
heavily upon him. On the morning of the 29th of March, he left his 
house in Park Street, Grosvenor Square, for Dover, crossed next day to 
Calais, and then proceeded up the Rhine, and through Styria and 
Carniola, into Italy. He arrived at Rome on the 18th of November, — 
without any remarkable change in his health. And, as it appears from 
Dr. Toxry’s narrative, that he frequently was occupied during the greater 
part of the day in fly-fishing and shooting, his corporeal strength must 
have been considerable. He, however, shunned society, and passed his — 
evenings, and such days as he kept the house, in being read to, and in 
playing at écarlé, and in dictating his Vision. In his diary, for instance, on — 
the 3lst of December, 1828, Dr. Tontn says, ‘ Our daily life has hitherto — 
been as monotonous as possible. Sir Humphry sees no society, and wishes — 
to see none, and his only pleasure and amusement seems to consist in 
shooting. He drives out every day in the surrounding Campagna, often 
to a distance of twelve and fourteen miles from Rome, when he gets 
out, and rides on his pony over the fields in search of quails or snipes. — 
On his return, when he is not too much fatigued, he dictates to me a 
continuation of his Vision, which he thinks of forming into a series of — 
dialogues on religion and other subjects; and our evenings are spent as — 
they have been ever since we left Calais, with a game or two at cards, 
and with my reading to him different works, principally English and — 
French, which he procures from a circulating library in the Corso. I 
have formed no acquaintances, as Sir Humphry wishes me not to do so if 
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but when I have copied off the morning’s dictation, I often take a 
solitary walk in the garden of the Pincio, to St. Peter's, or to the 
Colosseum.”—(Tosin’s Journal, p. 196.) 

On the 20th of February, 1829, Sir H. Davy was attacked with a 
renewed stroke of palsy*, which had nearly proved fatal, and which 
induced Dr. Tosrn to write to Dr. Davy at Malta, and to Lady Davy in 
_London; the former arrived at Rome on the 15th of March, and the — 
latter on the 30th. By this time Sir Humpnry had considerably 
regained the power over his limbs, and was able to lie upon the sofa the 
greater part of the day. “It seems impossible,” says Dr. Tonry, “for 
him to exist without being read to, and on one day I read Shakspeare 
to him for nine hours.” 

On the 30th of April, Sir Humpury, now accompanied by his wife and 
brother, left Rome, and passing through Sienna, Florence, Genoa, and 
Turin, over Mount Cenis, reached Geneva on the 28th of May; on the 
(29th, the following is recorded in Dr. Tosmn’s Diary. “I quitted Sir 
Humphry yesterday evening, after having read to him as usual till about — 
ten o'clock. Our book was Smollett’s Humphrey Clinker, and little did 
I think it was the last book he would ever listen to. He seemed in 
tolerable spirits, but upon going to bed was seized with spasms, which, 
however, were not violent, and soon ceased. I left him when in bed, 
‘and bidding me “good night,’ he said I should see him better in the 
_ morning. Lady Davy and the Doctor also quitted him, and George (his 
servant) went to bed in his master’s room, as he always had done since 
Sit Humphry’s illness at Rome. At six o'clock this morning, Lady 
Davy’s man-servant came to my room, and told me that Sir Humphry 
was no more! I replied that it was impossible, and that he probably 
only lay in a torpor; but I went down to his room instantly, when I 
found that the servant’s words were, alas! but too true. I asked George 
why he had not called me, when he said, that he had sent up, but now 
found that it had been to a wrong room. He told me that Sir Humphry 
went to sleep after we had left him, but that he twice waked, and that 
at half-past one, hearing him get out of bed, he went to him, when Sir 
Humphry said he did not want his assistance, and poured some solution 
of acetate of morphine into a wine-glass of water; but this still 
remained untouched upon his table. George then helped him into bed, 
_ where, he says, he lay quite still till a little after two o’clock, when 
hearing him groan, he went to him, and found that he was senseless and 
expiring. He instantly called up Lady Davy and the Doctor, and sent 
up, as he believed, to me; but Sir Humphry, he says, never spoke 
again, and expired without a sigh. ae 
_ “Thad so often, whilst at Rome, seen Sir Humphry lie for hours 
_ together in a state of torpor, and to all appearance dead, that. it was 


* The first’ symptoms of this disease meeting of the Royal Society ; and some 
seem to have alarmed him in the year | weeks afterwards, whilst upon a shooting 
1826, and to have appeared after his | excursion with Lord Gage, in Sussex, he 
exertions on the 30th of November in| was seized with a more alarming attack, 
that year, on which occasion he delivered | from the immediate effects of which he 
his last discourse, at the anniversary | howeyer soon rallied, 
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difficult for me to persuade myself of the truth; but the delusion at — 
length vanished, and it became too evident that all that remained before* 
me of this great philosopher, was merely the cold and senseless frame — 


with which he had worked. The animating spirit had fled to it& oft 
self-imagined planetary world, there to join the rejoicing souls of the 


great and good of past ages, soaring from system to system, and with — 
them still to do good in a higher and less bounded sphere, and I knew 


that it was freed from many a wearisome and painful toil. Yet I could 
not look upon Sir Humphry as he was, without remembering that 
which he had been, and my tears would fall, spite of my effort to restrain 
them.” 


The following memorandum, relating to the last hours of his brother’s | 


life, is given by Dr. Davy, (Memoirs, vol. i., p. 365.) “On the 28th of 
May, 1829, we arrived at Geneva: at five, he dined at table and made 
a tolerable dinner; after dinner he was read to, according to custom. At 
nine o'clock, he proposed to go to bed. In undressing, he struck his 


elbow against the projecting arm of the sofa on which he sat: the effect — 


was very extraordinary; he was suddenly seized with an universal tremor; 


he experienced intense pain in the part struck, and a sensation, he said, 
as if he were dying. He was got into bed as soon as possible. The 
painful sensations quickly subsided, and in a few minutes were entirely 
gone. There was no mark of hurt on the elbow, no pain, or remaining 
tenderness; and the effect of the blow perplexed him no less than it did 
me: a slight feverish feeling followed, which he thought little of; he 
took an anodyne draught of acetate of morphia, and then desired to be 
read to, that he might be composed to sleep by agreeable images. 

“‘ About half-past nine he wished to be left alone, and I took my 
leave of him for the night, and for ever on earth. His servant, who 
always slept in his room, called me about half-past two, saying he was 
taken very ill. I went to him immediately; he was then in a state of 
insensibility; his respiration extremely slow and convulsive, and the pulse 
imperceptible: he was dying; and in a few minutes heexpired. I thank 
God I was present to close his eyes. In death, his countenance was 
composed, and of its mildest expression, indicative of no pain or suffering 
in the separation of the immortal from the mortal part. This fatal 


moment was about three, a.m., on the 29th of May.” His remains were — 
deposited on the Ist of June in the burying-ground, without the walls — 


of Geneva, and close to the grave of Professor Picrnr. — . 
The theory of definite proportionals was adopted and illustrated by 
Sir H. Davy, and his Elements is the first publication in which it was 
generally applied. This theory received, about the same time, extensive 
elucidation at the hands of M. Gay Lussac, but its promulgation in this 
country is chiefly to be attributed to Dr. Wotuaston, whose admirable 
suggestion of a synoptic scale of chemical equivalents, already referred to, 


was brought before the Royal Society in November, 1813. Many years — 


previous to this he had established the important doctrine of multiple 
proportions, in a paper “On Super-acid and Sub-acid Salts,” printed in 


% 


the Philosophical Transactions for the year 1808: he now showed the © 


important practical applications of which the theory was susceptible, and — 
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by connecting the scale of equivalents with Gunrmr’s sliding rule, has 
put into thé hands of the chemist an instrument infinite in its uses, and 
equally essential to the student, the adept, and the manufacturer. 

Dr. WottAston’s first contribution to the Transactions of the Royal 
Society was in June, 1797, being an essay On Gouty and Urinous Con- 
eretions, in which he made known several new compounds connected with 
the production of those maladies, in addition to the uric combinations 
previously discovered by ScnEsLEe: these were, Phosphate of Lime; Am- 


_ monia-magnesian Phosphate; a mixture of the two forming the fusible 


Calculus; Oxalate of Lime; and, more lately, he added Cystic Oxide to 
the list of his previous discoveries. (Phil. Trans., 1810.) In 1804 and 
1805, he made known Palladium and Rhodium, two new metals con- 
tained in the ore of platinum, and associated with Osmium and Iridium, 
discovered about the same time by Mr. Tennant. In 1809, he showed 
that the supposed new metal, Tantalum, was identical with Columbium, 


previously discovered by Mr. Harcnnrr; and shortly before his death, 


which happened on the 22d of December, 1828, in the sixty-third year 
of his age, he transmitted to the Royal Society the Bakerian Lecture, in 
which he fully describes his ingenious method of rendering platinum 
malleable. 

Dr. WonLAston made a few other chemical communications to the 
Royal Society, but his papers are chiefly on subjects more immediately 
connected with physical and physiological inquiries: they are all remark- 
able for the singular and satisfactory simplicity of his experimental 
methods, for the perspicuity of his theoretical deductions, and for the 
extreme caution with which he touches upon generalizations and hypo- 
thesis. His uncommon tact, neatness, and dexterity as an experimental 
chemist, will never be forgotten by those who had an opportunity of 
Witnessing his performance of any analytical operation; he practised a 
peculiar method of microscopic research, in which he willingly instructed 
those who asked his information; and we owe to him numerous abbre- 
viations of tedious processes, and a variety of improvements in the appli- 
cation of tests, which have gradually become public property, although he 
never could be induced to describe his manipulations in print, or to com- 
municate to the world his happy and peculiar contrivances. 

Of Dr. Wottaston, (who was born at East Dereham, in Norfolk, on 
the sixth of August, 1766,) I am afraid no authentic biography has as yet 
appeared: the following are a few memoranda respecting his last illness, 
which were obtained from conversation, at the time, with some of his 
intimate friends. 

In October, 1827, while accompanying a friend to Cashiobury, the seat 
of the Earl of Essex, he spoke of a numbness which he had for some time 
felt in his left arm, and which he stated he considered as a symptom of 
paralysis, a disease to which his father and eldest brother had fallen 
victims, and of which, at a subsequent period, another brother also died. 
in June, 1828, while on a fishing excursion at Stockbridge, feeling some 
stronger premonitory indications of a paralytic seizure, he abruptly quitted 
his amusement, and returned to London. In July of the same year, 
while on a visit to the late Earl Spencer, at the Isle of Wight, he noticed 
that a part of the retina of his left eye had become insensible to the 
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action of light. In the month of September, he went upon a shooting 
excursion to Mr. Wuirsreap’s in Bedfordshire, where he remained eight 
days, and enjoyed his sport: one evening he jokingly said, “For the 
first time in my life I count my game by the quarter of a hundred,” having 
killed twenty-five head. He returned home better in health, but soon after, 
the sensation in his arm became worse, and whilst staying with Mr. Buaxe 
in Hertfordshire, he felt so unwell and uncomfortable as to be obliged to 
return home a day or two earlier than he intended. In the course of the 
following week, symptoms more decidedly alarming came on; the use of his 
arm was much impaired, and the muscles of the face and organs of speech 
were affected: his mental faculties, however, remained entire to the last. 
He was sedulously attended by several medical friends, and especially 
by Dr. James SoMERVILLE, who remained in the house during his illness 
and until his death. . 

The loss of two such men as Wotuaston and Davy, within so short 
a period, and scarcely beyond the prime of life, was a serious national 
calamity: the sketch which I have given of their labours is a most im- 
perfect outline; but it would have been improper and indecorous to 
have dismissed this brief History of Chemistry without such notice, 
and I shall conclude with the following delineation of their intellectual 
portraits, for which we are indebted to the late Dr. Henry. (Elem. of 
Chem., 11th edit., viii.) 

“To those high gifts of nature, which are the characteristics of genius, 
and which constitute its very essence, both those eminent men united an 
unwearied industry and zeal in research, and habits of accurate reasoning, 
without which even the energies of genius are inadequate to the achieve- 
ment of great scientific designs. With these excellencies, common to 
both, they were nevertheless distinguishable by marked intellectual pecu- 
liarities, Bold, ardent, and enthusiastic, Davy soared to greater heights; 
he commanded a wider horizon; and his keen vision penetrated to its 
utmost boundaries. His imagination, in the highest degree fertile and 
inventive, took a rapid and extensive range in pursuit of conjectural 
analogies, which he submitted to close and patient comparison with 
known facts, and tried by an appeal to ingenious and conclusive experi- 
ments. He was imbued with the spirit, and was a master in the practice, 


of the inductive logic; and he has left us some of the noblest examples of | 


the efficacy of that great instrument of human reason in the discovery of. 
truth. He applied it, not only to connect classes of facts of more limited 
extent and importance, but to develop great and comprehensive laws, 
which embrace phenomena that are almost universal to the natural world, 
In explaining those laws, he cast upon them the illumination of his own 
clear and vivid conceptions;—he felt an intense admiration of the beauty, 


order, and harmony, which are conspicuous in the perfect CuEmistry of 


Nature;—and he expressed those feelings with a force of eloquence, — 


which could issue only from a mind of the highest powers, and of the 
finest sensibilities, With much less enthusiasm from temperament, Dr. 
WoL.aston was endowed with bodily senses of extraordinary acuteness and 
accuracy, and with great general vigour of understanding. Trained in 
the discipline of the exact sciences, he had acquired a powerful command 
over his attention, and had habituated himself to the most rigid correct- 
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ness, both of thought and language. He was sufficiently provided with 
the resources of the mathematics, to be enabled to pursue, with success, 
profound inquiries in mechanical and optical philosophy, the results of 
which enabled him to unfold the causes of phenomena, not before under- 
stood, and to enrich the arts, connected with those sciences, by the inven- 
tion of ingenious and valuable instruments. In Chemistry, he was dis- 
tinguished by the extreme nicety and delicacy of his observations; by 
the quickness and precision with which he marked resemblances, and 
discriminated differences; the sagacity with which he devised experiments, 
and anticipated their results; and the skill with which he executed the 
analysis of fragments of new substances, often so minute as to be scarcely 
perceptible by ordinary eyes. He was remarkable, too, for the caution, 
with which he advanced from facts to general conclusions; a caution 
which, if it sometimes prevented him from reaching at once to the most 
sublime truths, yet rendered every step of his ascent a secure station, from 
which it was easy to rise to higher and more enlarged inductions.” 

The talented author of the preceding paragraph is himself now amongst 
those who claim a place in this historical outline of the progress of chemi- 
cal philosophy. In the address delivered at the Anniversary Meeting of the 
Royal Society, on the 30th November, 1836, the President says, “The last 
name which occurs in the melancholy list of our departed associates is 
that of Dr. Witt1am Henry, to whom the science of Chemistry gene- 
rally, and of Gaseous Chemistry in particular, is under great obligations. 
He was the author of nine papers in our T'ransactions, many of them 
of great merit; and his Elements of Chemistry is one of the best-written and 
best-arranged compendiums of that important and extensive science 
which has been published of late years, whether in our own or in any 
other language. The Memoirs of the Manchester Society are chiefly 
indebted to him, in conjunction with Dr. Darron, for the high character 
which they have so long maintained. Dr. Henry, like Dr. W oLLAsTON, 
made the results of science, obtained by the most original and difficult 
researches, the foundation of a splendid fortune; and few persons have 
contributed more effectually by their discoveries and exertions to the pro- 
motion of those arts and manufactures which form the foundation of the 
prosperity of a great commercial nation.” 

The chemical world has also sustained a serious loss in the death of 
Professor Turner, of University College in this Metropolis. “ Dr. 
Epwarp TuRNER was a native of Jamaica, and studied medicine at 
Edinburgh, and chemistry at Gittingen, under the instructions of the cele- 
brated analytic chemist, Stromeyer. He became a lecturer on chemistry 
at Edinburgh in 1824, and his first publication was a short introduction 
to the study of the laws of chemical combination and the atomic theory. 
He obtained the Professorship of Chemistry in University College, Lon~ 
don, at its first establishment in 1828, a situation which he continued to 
hold to the end of his life. His Elements of Chemistry have enjoyed an 
uncommon degree of popularity, and are remarkable for clearness and 
precision, both in the description of his experiments and in the deduction 
of his theory. He was the author of two papers in the Philosophical 
Transactions, the first, “on the Composition of Chloride of Barium,” and 
the second, containing “Researches on Atomic Weights,” both written with 
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a view of impugning the theory, which had been promulgated by some > 


Knglish chemists of high authority, “that all atomic weights are simple 
multiples of that of hydrogen.” In the year 1835, Dr. TuRNER was com- 


pelled by the declining state of his health to suspend all original 
reseaiches, confining himself simply to the duties of his Professorship, and _ 


he died in February, 1837, i in the fortieth year of his age, to the deep regret 
of every friend of the progress of chemical science. He was a person 
of engaging manners and appearance, and of most amiable character; 
his body was followed to the grave with every manifestation of respect 
and affectionate attachment by the whole of the pupils and Pro- 
fessors of the Institution, of which he had so long been a principal 
ornament™.” 


* The above notice is extracted from | man, and to his talent and industry as a 
the Anniversary Address of the Presi-| teacher. Reference need only be made 
dent of the Royal Society on the 30th | to his elementary work on Chemical 
November, 1837. I had the pleasure of | Philosophy, to establish his merit as an 
Dr. Turner’s acquaintance, and can bear | author. 
ample testimony to his excellence as a 
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HOMOGENEOUS ATTRACTION. CRYSTALLIZATION. 


Iris the object of Chemistry to investigate the causes and effects of all 
changes in the constitution of matter, whether produced by heat, mixture, 
or other means. Its general range, therefore, is so extensive, and the 
individual cases requiring explanation so numerous, that Arrangement is 
of the utmost consequence to its successful study. In the present state of 
our knowledge, it will be found most convenient to begin with the dis- 
cussions relating to the general powers or properties of matter, and after- 
wards to proceed to the examination of individual substances, and to the 
phenomena which they offer when presented to each other under circum- 
stances favourable to the exertion of their mutual chemical agencies. 

The powers and properties of matter, connected with chemical changes, 
may be considered under the heads of Homogeneous Attraction, or Agere- 
gation; Heat; Light; Chemical Attraction, or Affinity; Electricity, and 
Magnetism. 


§ 1.—Atrraction. AGGREGATION. CRYSTALLIZATION. 


ATTRACTION may be regarded as acting at sensible and at insensible dis- 
tances. In the former case, it is called gravitation. It is the power by 
which substances are propelled towards the earth ; it exists in all known 
forms of matter; and it acts directly as the mass, and inversely as the 
square of the distance: restrained by inertia, it preserves the planetary 
bodies in their orbits, presides over their movements, and tends to confer 
upon the system of the universe that consummate harmony which the 
genius of Newton unveiled. 

Attraction is also exerted at insensible distances, and among the 
minutest atoms of matter. Itthus preserves the form, and modifies the 
texture of solids ; gives a spherical figure to fluids ; causes the adhesion of 
surfaces; and influences the mechanical characters of bodies. The dif- 
ferent forces with which itis exerted are seen in the different textures of 
solid bodies, which are sometimes exceedingly hard and difficultly divi- 
sible, as the diamond, rock-crystal, &c. others are comparatively soft or 
brittle, and exhibit less intensity of aggregation, such as chalk and 
calcareous spar: and in others the power is so modified as to produce 
plasticity, porosity, elasticity, and tenacity, as seen in clay, sponge, caout- 


choue, and iron wire. 
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As the results of gravitation are counteracted by those of inertia, so. 


the influence of aggregation is opposed by a repulsive force, apparently 
due to the various agencies of heat; and it is probable that the various 


states or forms of matter are chiefly dependent upon the relative intensities — 


of these antagonist forces. In solids aggregation predominates so as to 
prevent their particles freely moving upon each other; but in fluids they 
move upon each other with the utmost ease, and in some more readily 
than in others; hence their division into liquids or inelastic fluids, and 
aériform or elastic fluids; the dimensions of the former are not mate- 
rially influenced by pressure, and they were for a long time considered ag 
absolutely incompressible; this, however, is not strictly true, although the 
force required to change their volume is very great, and the extent of the 
change very small. The following table shows the amount of compression 
of four liquids, deduced from the experiments of Oersted, in millionths of 
their volume, for each additional atmosphere. 


Mercury . . . 2°65 millionth parts. 
Alcohol . . 21°65 a 
Water . « « » 46°65 a 
Ether «"» «4. 61°65 a 


Mr. Daniell states that by plunging a vessel of water into the sea to a 
depth of 1000 fathoms, the compression amounts to one-twentieth of the 
bulk. In all cases after the pressure is withdrawn, the liquids reassume 
their original bulks. Aériform or elastic fluids are indefinitely elastic and 
compressible, their volume, as was first accurately ascertained by 
Mariotte, being always inversely as the pressure. (See Armospnertc Arr.) 


The influences of heat upon the forms of matter will be fully discussed in — 


the section upon that subject. 

The mutual attraction between the surfaces of solids and liquids 
gives rise to the phenomena of capillary attraction, so called from its 
causing the visible rise of fluids in tubes of very small bore: thus, if a 
tube, with a capillary bore of one-fiftieth of an inch, be dipped at one 
end into a glass of water, the water rises to about 21 inches, and the rise 
is great in proportion to the smallness of the bore of the tube. If twa 
plates of glass be so held as to form a very acute angle with each other, 
and the lower edges dipped into water, the liquid rises in the form of a 
curve (hyperbola) between the plates, rising highest where the space be- 
tween them is least. It is in consequence of this species of attraction 
that a drop of water pressed upon a solid surface wets and adheres to it; 
and that the surface of the water in a tumbler is not truly level, but a 
little elevated upon the edges. These phenomena of capillary action 


depend upon the nature of the substances presented to each other; thus 


the water will not rise upon greasy glass, or wax; and hence also different 
liquids rise to different heights in the same tube, independent of their 


specific gravities, and of their relative degrees of viscidity; and mercury. 


not only does not rise, but is depressed in the bore of a common glass. 
tube: so that, unlike water, it presents a convex instead of a concave 
surface when poured into a glass, because in it the attraction of the par- 
ticles of the mercury for each other is great, and they are not attracted by 
those of the glass; in other words, they are incapable of wetting it. 
“The mercury within the tube is cut off by the inactive surface of the 
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glass from the homogenous attraction of the surrounding mass; its own 
self-attractive force therefore acts as from its centre, drawing its particles 
together and causing them to assume more or less of a globular aggrega- 
tion, according to the same law which determines the spheroidal form of 
a suspended drop of liquid.”——See DanrEut’s Introd. 583. The rising of 
fluids in porous and spongy bodies, the ascent of oil or spirit in the 
wicks of lamps, the diffusion of moisture in the earth, and the distri- 
bution of the juices of plants, are a few of the important consequences of 
capillary attraction. 

_ Mr. Daniell remarks, that the same adhesive attraction takes place 
also between solids and aériform bodies, as illustrated by the following 
experiments. Sift some magnesia upon the surface of water, and it will 
presently sink to the bottom; sift in the same way some fine iron filings, 
and although their specific gravity is nearly four times greater than that 
of magnesia, and between seven and eight times greater than that of 
water, they float upon the surface and to such an extent, that a stratum 
of considerable thickness may be laid on the liquid; this at length sinks 


‘in considerable masses, when it is seen that they had been previously 


oe 


buoyed up by the adhesion of air, which their accumulated weight even 
carries with them to the bottom, the surface of each fragment of metal 
having been enfilmed with air, which prevented its being wetted by the 
water: in the case of the magnesia its attraction for air being less, it was 
more easily displaced by the water. The force of adhesion of air to glass 
has also been shown by Mr. Daniell to be very considerable, and to this 
cause he refers the gradual deterioration of barometers, by the creeping up - 
of air between the mercury and the tube, an effect which he has ingeniously 
prevented by welding a ring of platinum to the bottom of the tube, which 
admits of the adhesion of, or being wetted by, the mercury, and so inter- 
cepts the air. The welding of the platinum to the hot glass is, he 
observes, a good instance of strong heterogeneous attraction.—(Introd. 
§ 87.) 

The adhesion of air to a liquid is shown by the quantity which escapes 
when water is poured from one vessel into another, the air attached to 
its surface being carried down by the momentum of the falling mass and 
again escaping in bubbles: the foam of water-falls results from the same 
cause, and it is thus that air gradually pervades masses of water, and 
tends to its entire aération, so as to fit it for the respiration of aquatic 
animals. This air escapes under diminished pressure, and may be entirely 
expelled by long continued boiling. Many other phenomena connected 
with this subject will afterwards come before us. 

The results of attraction, as relating to the shape and form of matter, 
are influenced by the circumstances under which it has taken place. 
Sometimes the particles are, as it were, indiscriminately collected: at 
others, they are beautifully arranged, producing regular and determinate 
figures; in this case, bodies of the same composition often affect the same 
form; hence we are not unfrequently enabled to infer the composition of 
a substance from accurate inspection of its external or mechanical cha- 
racters. Absolute identity of form, however, is not necessarily associated. 
with identity of composition, for certain substances may be substituted 
for each other in combination, without affecting the form of the com- 
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pound, Thus the arseniate and binarseniate of soda have the same forms 


as the phosphate and biphosphate of soda; and the arseniate and binarse- __ 


niate of ammonia resemble the phosphate and biphosphate of that allcali. 
. Professor Mitscherlich, (Ann. de Chimie et Phys., tom, Xiv. X1x. Xxtv.) 
to whom we owe these and other facts connected with the subject, which 
we shall consider afterwards, terms such salts zsomorphous, and has shown 
that there is a remarkable analogy in the chemical arrangement of their 
constituents. Thus, in the above instances, the proportionals of acid, of 
base, and of water of crystallization, correspond; and he has traced a simi- 
lar correspondence in the atomic constitution of the acids of the salts, 
The regular polyhedral solids resulting from homogeneous attraction 
are usually called crystals; and the bodies are said to be susceptible of 
crystallization, To enable the particles of bodies to assume that regular 
form which crystals exhibit, it is obvious that they must have freedom of 


motion; and, accordingly, the first step towards obtaining a body in its — 


crystalline form, is generally to confer upon if either the liquid or aéri- 
form state. The former is usually effected by solution in water, alcohol, 
or other liquids; the latter by exposure to heat. 

When common salt is dissolved in water, its particles may be regarded 
as disposed at regular distances throughout the fluid; and if the quantity 
of water be considerable, the particles will be too far asunder to exert 
reciprocal attraction: in other words, they will be more powerfully attracted 
by the water than by each other. If we now slowly get rid of a portion 


of the water by evaporation, some of the saline particles will gradually — 


approach each other, and they will aggregate according to certain laws, 
producing a regular solid of a cubic form; another portion of the salt will 


remain dissolved in the residuary water, which is usually cajled the | 


taghien liquor or water. 


mg h re airs When crystallized substances are W clowis 
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acted upon by water, its influence is often 
curiously modified ' by the texture of the 


for instance, we take a shapeless lump of 


carved out into a variety of regular forms, 
somewhat as represented in the annexed cut. 
If we now put a drop of the solution con- 


i 


we shall perceive, as the water slowly eva- 
porates, that the particles of alum which it 
contained congregate into regular forms, 
which, when examined by a common pocket 
_ lens, appear as in fig. 2, and are small and 


octoédra. In this case the water is said to 
he the solvent of the alum, and the process 
by which it is obtained in regular forms or 


saline mass, (Daniell, Quart. Journ., 1.) If — 


alum, and plunge it intoatumbler-ful ofcold — 
water, we shall observe that in a few days 
the surface of that salt will be eaten and ~ 


tained in the tumbler upon a plate of glass, 


beautifully formed eight-sided figures, or 


erystals, is called crystallization. In this 


— 
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. and similar instances, the crystals are liable to’ certain modifications; thus, 
among the little octoédrons, to which we have adverted, it is not uncom- 
mon to find some, the angles of which are eut off, or fruncated, or replaced 

_ by secondary surfaces; sometimes the edges too are similarly modified, and 
the crystals assume these figures: 


3 4 


Truncated Angles. Truncated Edges. Truncated Edges and Angles. 


Most of the saline substances soluble in water may be thus exhibited 
in a crystalline form; and as each substance usually assumes a distinct 
figure, or is characterized by some obvious, and, at the same time, peculiar 
properties, we are often enabled to pronounce upon the chemical nature 
or composition of a body, by a careful examination of its crystalline forms ; 
and such experiments are particularly neat and satisfactory, in consequence 
of their facility, and the small scale upon which they may be performed: 
for the figures of the smallest crystals obtained from a drop of their 
solution, resemble the large ones formed in gallons of it; and although, 
in collecting specimens of crystallized salts, it is convenient to have them 
large and perfect, the smallest ones that may be viewed through a micro- 
Scope furnish the chemist with equally satisfactory evidence. of the nature 
of the dissolved salt: for instance, put a tea-spoonful of common salt, 
nitre, Glauber’s salt, and Epsom salt, into separate wine glasses: fill them 
up with water, and occasionally stir their contents to help the solution: 
when dissolved take a drop of the clear liquor, with a glass rod, out of each 
of the wine-glasses, and place them side by side upon a strip of clean 
plate-glass, which may be placed upon a chimney-piece, or somewhere 
very gently warmed. As the water evaporates, the salts will crystallize, 
and we shall observe the following figures appropriated to each: the 
common salt exhibits cubes; the Epsom salt, four-sided prisms; the nitre, 
six-sided prisms; the Glauber’s salt, striated six-sided prisms. 


’ Common Salt. Glauber’s Salt. 


The Glauber’s salt and the nitre might possibly at first be mistaken 
for each other, but, while the latter remains unaltered by exposure to 
air, the former soon loses its transparency, and crumbles down into white 
‘powder. Salts which behave thug are said to effloresce*: other salts, 


* This property of efflorescence would | surfaces broken, and carefully preserved 


“appear in some cases to depend upon su- | from external violence,remained perfect; 
-perficial fracture, for Mr. Faraday found | but upon breaking or scratching their sur- 
that crystals of carbonate, phosphate, and | face efflorescence began at that part, and 


sulphate of soda, having no parts of their | covered the whole.— Phil, Trs.,1834,p. 74, 
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instead of thus spontaneously parting with a portion of their water of — 
crystallization, attract moisture from the air, or deliquesce, as is the case — 
with carbonate of potassa, acetate of potassa, chloride of calcium, &c.: alum — 
and many other salts, although they contain water, do not thus part with — 
it, and are permanent in the air. But water is not necessarily contained — 
in all crystals: there is none, for instance, in nitre; and such are called 
anhydrous salts*. Some salts require a high temperature to deprive 
them of water. This is the case with gypsum, or sulphate of lime, which 
is commonly found in large transparent crystals, permanent in the 
air; but at a red heat they lose one-fifth their weight of water, and 
crumble down into the white powder commonly called plaster of Paris, 
which is, therefore, an anhydrous sulphate of lime, and which, when 
mixed with a little water, again combines with it, and.concretes in the 
act of combination; hence the use of this substance for forming casts 
or impressions, as seen in mouldings, busts, &c. Efflorescent salts may 
sometimes be conveniently preserved by slightly oiling their surfaces, or 
by soaking them for a few hours in olive oil, and then wiping them and _ 
putting them in bottles; or they may be kept under a glass shade in ~ 
which is also included a small saucer of water. The action of heat upon 
salts is much influenced by their relative quantities of water of crystalli- 
zation; it renders some of them, such as sulphate of soda, extremely — 
fusible; from others the water evaporates before fusion, and occasions — 
the efflorescence of the salt; and if contained in their pores, it causes them 
to decrepitate, or fly to pieces when heated, with a peculiar crackling; 
but this effect more generally depends upon the sudden expansion 
of the outer crust of the crystal, and its bad conducting power for heat. 
The regularity of the — 
figures of crystals will be 
influenced by the rapidity 
of the evaporation; if the 
process be slowly conducted, — 
the particles unite with great — 
regularity; if hurried, the 
crystals are irregular and — 
confused. lLoaf-sugar and — 
sugar-candy furnish good in- 
stances of such modifica-~ 
tions. The former being © 
the result of rapid, the latter 
of slow, crystallization. In — 
common cases, the evapora-_ 
tion may be continued till 
a pellicle forms upon the sur- 
face of the solution, which 
indicates that the attraction — 
of the saline particles for — 
each other is becoming su- 
perior to their attraction for 
the water. The formation, — 
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Epsom Salt, or Sulpbate of Saltpetre, or Nitrate of 
Magnesia. Potassa. 


* Anhydrous is a term derived from the Greek, signifying without water. | 


CRYSTALLIZATION, , 113 


therefore, of a superficial pellicle is the common ¢ritcrion of the fitness of 
‘a solution for crystallization; but where the object is to obtain very regular 
and very large crystals, the evaporation must be much slower, and carried 
to much less extent; even spontaneous evaporation, or that which takes 
- place at common temperatures, must be resorted to. 
It is in this way that the gigantic crystals of sulphate of magnesia and 
of nitrate of potassa, represented in figs. 10 and 11, were procured; they 
are here inserted to show the size and perfection of crystals thus slowly 
- deposited in large quantities of their solutions, as contrasted with the 
microscopic forms described above. Wis 
There are certain bodies which may be dissolved or liquified by heat, 
and, during slow cooling, may be made to crystallize. This is the case with 
many of the metals; and among them bismuth furnishes, when carefully 
_ managed, the most beautiful results; for this purpose a few pounds of it 
should be melted in a deep iron ladle or crucible, and, as soon as the sur-- 
face has concreted, it should be punctured with a pointed iron rod, and 
the liquid metal immediately poured out from the interior; on cautiously 
_ breaking the hollowingot thus obtained, 
the interior cavity will be found lined 
with dissected cubical crystals, fig. 12. 
Sulphur may be artificially crystallized 
by a similar process, and furnishes 
beautiful heaps of delicate prisms. The 
masses of crystallized spermaceli, often 
exhibited in shop windows, are ob- 
tained in the same way; and it is pro- 
bable that the cavities in rocks and A 
veins, bearing marks of igneous fusion, Zi et ——— 
and. often lined with magnificent speci- ress ee poe ee 
mens of crystalline minerals, owe their ene ar 
origin to some analogous process, | 
There is another way of showing the crystalline texture of metals, 
which, with some of them, answers very well. It consists in washing over 
a thin plate of the metal with some acid which acts upon its surface. 
If tinfoil or tin-plate be thus washed over with dilute nitro-muriatic 
acid, the crystallization of the tin is often rendered beautifully manifest: 
this has been applied to ornamental purposes, under the name of moirée 
metallique, and different colours are easily given to the reflecting surface 
of the metal by the application of transparent varnishes.—(See Tin for 
more full details of this process). Mr. Daniell also developed the crystal- 
line texture of several of the metals by steeping masses of them in acids, 
by which their surfaces were carved out like the alum in water: and the 
crystalline structure of a bar of tin was beautifully shown by placing it 
horizontally in mercury and turning it frequently upon its different faces 
So as to insure uniformity of action; in about twenty-four hours fissures 
appear along its lateral and terminal edges which, by gradually splitting, 
resolve the bar into four equal trihedral rectangular prisms, which, as well — 
as two pyramids from their extremities, may be separated from each other 
by the point of a knife: it is indifferent to this result whether the square 
form be given to the bar by casting, hammering, or the filing down of any 
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other shape. Mr. Daniell further observes, in reference to this develop- 
ment of crystalline architecture, that “if a large crystal of sulphuret.of 
antimony be introduced into a portion of fused sulphuret, and the heat be © 
moderately continued, it will begin to melt down; but so far from this 
taking place uniformly at the surface, crystals will sometimes be left pro- 
jecting half an inch from it; and in other places the cavities left by fused 
crystals will be so large and have such perfect surfaces that their angles 
may readily be ascertained. In order to observe these phenomena it is only 
necessary to remove the half-fused piece of sulphuret from its hot bath 
and allow it to cool.” : 
When bodies are raised in vapour, and this is again condensed into 
the solid state, the process is generally called sublimation, and is not 
uncommonly resorted to to obtain such volatile matters in the form of 
crystals. The appearance of camphor, when thus slowly sublimed, is often 
extremely beautiful; so also that of Benzoic acid. Iodine is another body 
well calculated for the experiment: put a little of it into a clean Florence 
flask, and gently heat it; it will presently be converted into a deep violet 
vapour, which, subliming to the cold parts of the vessel, will there con- 
dense in small brilliant crystals of octoédral and rhomboidal figures, 
There is a substance called Naphthalin, obtained during the distillation 
of coal-tar, and which may commonly be procured at gas-works: when — 
pure, it is white and crystalline, and, if heated in a large phial or flask, 
its vapour congeals in lamellar crystals of extreme tenuity, crossing each 
other in all directions, and exhibiting a very singular appearance. Calo- — 
mel and corrosive sublimate may be crystallized by a similar process, but 
the temperature required for their sublimation is considerable; and good ~ 
crystals can only be obtained by operating upon large quantities, and 
subliming them very slowly. When flakes of snow are examined, they 
are found to be a congeries of crystals of ice produced by the cooling of 
the vapour of water. | . re 
Some substances are so easily decomposed by heat,and at the same — 
time retain water with such avidity, that it is impossible to crystallize — 
them by any of the above processes: in these cases, crystallization may 4 
sometimes be effected by placing the solution under the exhausted — 
receiver of an.air-pump, over a surface of sulphuric acid, which, by e 
absorbing the-vapour as ‘it rises, causes rapid evaporation at a low é 
temperature. +e 
Some salts may be brought to crystallize by the addition of substances 
having a strong affinity for water, by which its attraction for the dissolved 
matters is weakened: thus alcohol, added to certain aqueous saline 


m 


solutions, produces a,separation of crystals, but they are generally small — 
and indistinct. A 7 ten 
When two salts of different solubilities are present in the same solu; 
tion, they often may be separated by crystallization, that which is least — 
soluble constituting the earlier crop of crystals. This method, however, — 
is frequently ineffectual, especially with isomorphous salts, and with such - 
as form triple combinations. When the sulphates of iron and copper are — 
in solution together, crystals may be obtained of the same form as. those 
of sulphate of iron, but. containing variable proportions of sulphate of 
copper: in the same way the sulphates of zinc and manganese, and of 
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magnesia and manganese, crystallize together. In all these cases an 
atomic analogy prevails in the composition of the salts. The formation 
of triple salis is also a common occurrence: a familiar instance is afforded 
by the tartrates of potassa and of soda, the solutions of which, when 
mixed and evaporated, yield a crop of distinct triple crystals. 

_ Crystallization is accelerated by introducing into the solution a 
nucleus, or solid body, upon which the process begins; and manufac- 
turers often avail themselves of this circumstance. Thus we see sugar- 
candy crystallized upon strings, and verdigris upon sticks. There are 
cases in which it is particularly advantageous to put a few crystals of the 
dissolved salt into the solution, which soon cause a crop of fresh crystals. 
And if, for this purpose, we select very perfect forms, they will increase 
in size as the evaporation proceeds, and being daily turned, so that all 
sides may receive increments of solid matter in succession, they often 
produce large crystals of great perfection; but, in proceeding thus, care 
must be taken not to elevate the temperature of the solution, for if it be 
raised only a few degrees, portions of the newly-formed crystals are 
generally redissolved. “Dr. Wollaston made a remark upon the sponta- 
neous growth of large crystals at the expense of small ones in the same 
solution, exposed to changes of temperature, which illustrates in a beau- 
tiful manner, the alternate ascendency of the two antagonist forces. 
When the temperature rose the solvent power of the liquid was increased, 
and some of the solid matter of the crystals was abstracted; but when 
the temperature again fell this was deposited in a greater proportion 
upon the larger masses than upon the smaller, so that the latter were in 
the end entirely taken up and deposited upon the former.” —(DantExt, 

__ §. 106.) In some instances, if there be two salts in solution, that will 
- most readily separate of which the crystals have been introduced. Thus, 
if we dissolve two parts of nitre and three of sulphate of soda in five of 
warm water, and fill two bottles with the solution, putting into one a 
crystal of nitre, and into the other a crystal of sulphate of soda, and 
_ placing both in ice-cold water, nitre only will crystallize in the one, and 
sulphate of soda in the other. 
___«A-strong saline solution, excluded from the air, will frequently erys- 
tallize the instant that air is admitted. For this purpose a strong solution 
_ of sulphate of soda (3 Ibs. of the crystallized salt, to 2 lbs. of water) 
may be most conveniently used: it should be poured whilst hot into a 
flask, and tied over with bladder, or secured by a good cork: when cold 
it remains liquid, but on perforating the bladder, or withdrawing the 
cork, it gradually shoots from the surface downwards, into a fibrous mass 
_ of crystals. This: phenomenon has been unsatisfactorily referred to 
atmospheric pressure. (Gay Lussac, Ann. de Chim., vol. Ixxxvii.) Mr. 
Graham (Edinb. Phil. Trans., 1828,) ascribes it to the chemical union 
of air with the water holding the salt in solution. In other cases, agita- 
tion, or the dropping in of a crystal or other solid, produces the same 
effect. Such phenomena have been shown by Dr. Ure to be affected by 
electrical changes: he found that, in the voltaic circuit, crystallization 
always began at the negative pole; but as alkali ig there elicited, it may 
have tended to accelerate the Process; or the acid evolved at the positive 
pole may have retarded it. (Quarterly Journal, vol. x., p. 6.) = a 
12 
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_ The presence of light also influences the process of crystallization. — 
Thus we see the crystals collected in camphor-bottles in druggists’ windows — 


always most copious upon the surface exposed to light; and if we place 
a solution of nitre in a room which has the light admitted only through 
a small hole in the window shutter, crystals will form most abundantly 
upon the side of the basin exposed to the aperture through which the 
light enters, and often the whole mass of crystals will turn towards it. 
On looking over the preparations upon the shelves of the laboratory, we 
frequently meet with analogous cases of crops of crystals formed pon 
the sides of the bottles facing the windows. 

Many saline solutions form arborescent crystalline pellicles, when left 
to spontaneous evaporation, which slowly travel up the sides of the basin, 
and gradually proceed down upon the outside; this process also often 
begins on the side nearest the light, and is sometimes confined to it. 


Acetate of lime exhibits this appearance in a very beautiful manner. ~ 


(Arxin’s Dict., Art. Licur.) It is often the result of the copies 
attraction of the crystals formed upon the edge of the solution, 

The forms of crystals are frequently modified in a remarkable manner 
by the medium from which they are deposited, independent of any 
chemical change: thus in foul and muddy liquids the crystals are usually 
deposited in their simplest forms; in gelatinous and saccharine solutions 
crystals are generally single, and remarkably sharp and regular. Com- 
mon salt deposited from an aqueous solution containing urea, crystallizes 
in octoedra instead of cubes, which are its usual figure; and sal ammoniae 
under the same circumstances forms cubes, whereas in pure water its 


crystals are octoédral. Berzelius says, that very large crystals of nitre 
may be obtained from its solution in boiling lime- water, which aS no 


analogous effect upon other salts. 

Some substances remarkably interfere with the appearance and fora 
of crystals, although contained in them in very minute quantities ; this is 
especially the case with some of the hydrocarbons. . If 1 -part of the 


liquid obtained by the compression of oil-gas, and which always exists — 


as vapour in it, be mixed with 8 or 10 parts of strong oil of vitriol, a 
dark liquor is produced; from this, when diluted with water, filtered, 


and converted by the addition of carbonate of potash into a sulphate of © 
potash, a salt is obtained, which, upon crystallization, is nacreous, in the 


form of scales, and has nothing in its appearance common to sulphate of — 


potash: it is however that salt; and is thus affected by the presence 
of a substance which sometimes does not amount to a two-hundredth 
part of the salt. The same substance has a still greater power over the 


sulphate of copper, and in increased quantities (still comparatively small : 


influences the appearances of other saline bodies. 


Independent of the beautiful application of the process of crystalline : 
tion in refined chemistry to determine the nature of bodies by the careful _ 


inspection of their forms, the manufacturer avails himself of it to cleanse, — 
purify, and prepare a number of substances useful in the arts, the purity — 
of which is often judged of by the regularity and perfection of their — 
crystalline figures. Common salt is thus obtained by the evaporation of — 
sea-water, and of brine-springs, in consequence of its tendency to crys- 
tallize in hot liquors, which retain the other salts that are present in 
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more permanent solution. Epsom salt, or sulphate of magnesia, is freed 
by crystallization, from the chloride of magnesium with which it is mixed 
in the residue of sea-water, after its common salt has been taken out: the 
magnesian chloride is very difficultly crystallizable, and remains in what 
is called the mother liquor, or residuary solution, which on account of its 
excessive bitter taste, is known in our salt-works by the name of bi/tern. 
Nitre is refined, by the facility of its crystallization, for the manufacture 
of gunpowder, and so cleansed of common salt and other impurities with 
_ which it is usually contaminated in the state in which it is imported from 
India. Numerous other instances of the application of the process of 
crystallization to the purposes of the arts and manufactures will appear 
in the sequel. . 


§ 2.—Tueorties oF CrYsTALLIZATION. 


We may now proceed to notice the structure of crystallized bodies, 
upon which the Theories of Crystallization are founded. 

It has already been observed, that crystallized bodies, natural and 
artificial, affect one form in preference to others. The fluor-spar of 
Derbyshire crystallizes in cubes; so does common salt. Nitre assumes 
the form of a six-sided prism, and sulphate of magnesia that of a four- 
‘sided prism. But these forms, especially as respects natural crystals, are 
able to various modifications. Fluor-spar sometimes crystallizes in the 
form of octoédra; and there are so many forms of carbonate of lime that 
it is difficult to select that which most commonly occurs. Romé de L’isle 
referred these variations of form to certain truncations of an invariable 
primitive nucleus; and Gahn afterwards observed, that when a piece of 
calcareous spar was carefully broken, all its particles were of a rhomboidal 
figure. This induced Bergman to suspect the existence of a primitive 
nucleus in all crystallized bodies (Physical and Chemical Essays, vol. ii., 

_p- J). When Haiiy entered this field of inquiry, he not only corroborated 
__the opinions of Bergman, and submitted former hypotheses to experi- 
_ Mental proof, but traced with much success the laws of crystallization, 
and pointed out the modes of transition: from primary to secondary 
figures. (Traité de Minéralogie, Paris, 1801.) Since the time of Haiiy 
the study of crystallization, especially in its relations to mineralogy, has 
been pursued and extended by G. Rose, (Elements of Crystallography,) 
by Professor Whewell, (Philosophical Transactions, 1825,) by M. Mohs, 
and by Professor Weiss, of Berlin; the latter is the founder of a new 
system of crystallography, having reference to the geometrical relations of 
their exterior forms rather than to their ultimate molecules or internal 
structure. | 

Those who are in the habit of cutting and polishing certain gems, 
have long known that they only afford smooth surfaces when broken in 
one direction ; and that in others the fracture is irregular and uneven. 
This is the case with crystallized bodies in general. If we attempt to 
split a cube of fluor-spar with the blade of a knife, assisted by a hammer, 
we shall find that it will only yield kindly in the direction of the solid 
angles; and pursuing the division in these directions, an octoédron will 
be the resulting figure, as in fig. 13. The new planes resulting from 
this cleavage of the crystal, are called its cleavage-planes. The line 
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‘produced by the meeting of two planes is q 
the edge of the crystal: and the meeting 
of any two lines or edges, forms a plane 
angle. A solid angle is produced by the 
meeting of three or more plane angles. In — 
the annexed diagram, abcd are the exterior 
planes of the crystal; ee its edges ; Sf its 
solid angles. (For further details respecting 
these terms, see Mr. Brooxs’s Familiar 
Introduction to Crystallography.) 

In splitting a six-sided crystal of caleareous spar, we find that of the | 
six edges of the superior base three alternate edges only will yield to the 
blow: those, for instance, marked a, 6, c, (fig. 14); and the division will 
take place in a plane inclined at an angle of 45°. The three interme-_ 
diate edges resist this division. But in dissecting the inferior base of 
the crystal, the intermediate edges will alone yield, namely, a, b,c. If 
we continue this dissection in the same directions, we shall at length 
obtain the obtuse rhomboid, which is seen in this diagram in its relative 
situation to the including prism. 3 

We thus then arrive at the primitive form of — 
the calcareous spar; and from whatever secondary — 
form it has been obtained, it is always a rhomboid, 
having obtuse angles of 105° 5’.. But an obtuse 
rhomboid is also the primitive form of other bodies, 
as of pearl-spar, iron-spar, and tourmalin. But 
here the inclination of the surface points out a — 
difference. Thus the primitive angle of pearl-spar 
is 106° 5’, of iron-spar 107°, (Wollaston, Phil. 
Trans., 1812,) and of tourmalin 113° 10’. The 
temperature, however, at which these measure- 
ments are taken, should be noted, for it appears 
to affect the mutual-inclinations of the planes of — 
crystals. In the case of carbonate of lime, it — 
amounts, according. to Mitscherlich (Ann. de Ch. — 
et Ph., xxv. 108), to as much as 8/.5, in the in- — 
terval of temperature between 32° and 212°. As — 
the temperature augments, the obtuse dihedral angles diminish; that % 
is, the smaller axis of the rhomboid dilates more than its other diagonals, — 
so as to cause an approach to the cubical form. When melted litharge — 
is allowed slowly to solidify and cool, when it reaches a particular 
temperature it splits into small fragments: if a little of the double — 
sulphate of potassa and copper be fused over a spirit lamp, it congeals 
into a brilliant green solid; but as its temperature falls to about 212% 
it suddenly is resolved into a heap of incoherent powder. These — 
phenomena are referred by Mr. Daniell to the inequality of their respec- — 
tive contractions. yes . a 

The instruments which are used for measuring the angles of crystals — 
are termed goniometers. The simplest of these (fig. 15) consists of a pro- — 
tractor, or semicircular scale of degrees, AA, and a small pair of compasses 
or nippers, BBBB, destined to receive the crystal. 3 
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'-The centre of the 

pair of compasses is 
made moveable, like 
those of the common 
proportional compasses, 
so as to permit the legs 
BB, and BcB to be con- 
siderably lengthened or 
shortened, when the 
two pieces are applied 
to each other. The 
fixed leg, BB, is repre- 
sented as beneath the 
moveable one BCB, or 
radius measuring 90°, 
and the lower end of 
the centre-pin, which 
could not be shown in 
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the wood-cut, is made to fit the hole or centre in the protractor precisely 


at the same time that a stud or 
into the long perforation a o 


projecting piece of brass, being admitted 
f the leg Bp, the piece becomes 
attached to the protractor or semicircle, as is seen in the figure. 

The application of this instrument is obvious. 
measured is applied between th 
applied to the protractor, and th 
the fiducial edge of the leg BcB. 
results can thus be attained, for th 
small or too imperfect, to admit of 


steadily 


The crystal to be 
€ compasses, which, being thus set, are 
e value of the angle may be read off at 
It is, however, seldom that accurate 
e surfaces of crystals are generally too 
such method of measurement. 


The reflective goniometer (fig. 16), invented by Dr. Wollaston (Phil. 


Trans. 1809), is a more 
useful and perfect instru- 
ment. It enables us to 
determine the angles even 
of minute crystals with 
great accuracy; a ray of 
light reflected from the sur- 
face of the crystal being 
employed as radius, instead 
of the surface itself. Mr, 


'W. Phillips has given the 


following description and 
practical details for the use 
of this instrument, in his 
Introduction to M ineralogy. 

ab is the principal cir- 
cle, graduated on one edge 
to half degrees, and divided, 
for convenience into two 
parts of 180° each ; (it is 
graduated only in part in 
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the annexed sketch). c is a brass plate, screwed upon, and supported — 
by, the pillar.d, and graduated as a vernier. Sf is the axle of the circle: 4 
ab, and passes through the upper part of the two pillars de, the 
other ends of which are inserted into a wooden base m. gh is an axle, , 
enclosed within ff, and turned by means of the smallest circle 2, which 
communicates a motion to all the apparatus on the left of h, without 
moving the principal circleab. kisa circle, to which is attached. the 
axle of the principal circle. If therefore we would move the latter, it 
_ will be done by moving 4, and as the axle of the principle circle includes 
that of the apparatus on the left of kh, we must necessarily give a motion 
to the whole instrument by moving the eircle 4. ll 
These two movements being understood, let us now suppose that we 
want to measure a crystal; a rhomboid of carbonate of lime, for instance*, 
Let J be the rhomboid, attached by means of wax to one end of a plate 
of brass n; the other end of the plate being placed in a slit in the upper _ 
part of the circular brass stem 0, which passes through the tube p, to 
which it is so adjusted as to allow of being moved either up or down, or 
circularly, by means of the circle g. The tube p is fixed to the curved 
brass plate 7, which is attached, but so as to allow of motion, to another 
curved plate s, by means of a pin é, the other end of the latter plate 
being connected with the concealed axle gh, to which a motion is given 
by turning the little circle 7. By means of the pin ¢ and the tube p, 
therefore, we have two motions, in addition’ to the two before described 
as belonging to the axles of the instrument. The inner axle, however, 
may be said to be the centre of all the motions. It will, therefore, be of 
advantage that the rhomboid of carbonate of lime should be placed as_ 
nearly on a line with that axle as possible: this will be sufficiently 
adjusted by means of the stemo, which admits of being raised or 
depressed at pleasure. : 
The use of this instrument depends on the reflecting power of the _ 
polish on the natural planes, or fractured surfaces of minerals: and that 
this is in some cases very powerful, any one may convince himself by i$ 
looking upon a very brilliant plane, held beneath the eye, with its edge — 
nearly touching the lower lid, and not far distant from a window; he — 
will then observe the reflection of the bars very distinctly. Let us then — 
suppose the goniometer, as above represented, to be distant from a’ ad 
window from eight to twenty feet. Let, then, y be a black line (the use. 7 
of this is essential) drawn on the wainscot between the window and the 
floor, and perfectly parallel with the horizontal bars of the window. — 
If, then, the eye be placed almost close to the rhomboid /, a reflection of — 
one of the bars will be seen on one of its planes. Let us suppose the 
reflection to be in the direction of the lower dotted line on the plane; — 
and it will be clear that it cannot be parallel with the bar of the window, — 
not being even with the black line r. It must therefore be adjusted. 
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*Asit is necessary that this instru- | pyramidal case, the top of which is 
ment when used should be perfectly | represented in the wood-cut; m is the 
steady, it should be placed upon a firm | base of the goniometer, and yy, two — 
table, and may be raised to a convenient | hollowed slips of wood which receive it. 
level (about a foot above it), by its . 
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This may, perhaps, be done by slightly drawing to the left the circle g, 
which communicates motion by means of the pin ¢; or perhaps it may 
be done by’ giving a circular motion to the stem o. By one of these two 
motions, or by both, it may certainly be effected. If, however, the 
reflection appears to be like the upper dotted line, that is, parallel with 
the black line, vy, we must first convince ourselves that it is so, simply by 
depressing the crystal a little by means of moving the little circle z, so as 
to bring the reflection upon the black line. This being adjusted, which 
must be done precisely, we then turn the crystal, by turning the little 
circle z, until the reflection of the same bar be seen on the next plane, 
perfectly on a line with and upon the black line v. However, in adjusting 
the second, we may disturb the first reflection. By perseverance it will 
be found that both can be adjusted by means of one or other of the 
movements by the stem 0, or the pin é, or by the help of both, and a 
short experience will do away the chief difficulties, Both reflections 
being precise, we are now, by means of the circle , to turn the principal 
circle until it is arrested by the stop 2 on the pillar d; it will then be 
found that 180 on the principal circle coincides with o on the vernier. 
In doing this, however, we may slightly disarrange the reflections on the 
plane of the crystal, which may be re-adjusted simply by moving the 
little circle 7, which will not disturb the principal circle a 6: we must be 
certain, however, that 180 on it forms a line with 0 on the vernier, at the 
same time that the reflection of the bar is seen along the black line. One 
movement more, and the measurement will have been made. ‘Turn the 
circle k, keeping the eye almost close to the rhomboid, until the reflection 
of the same bar is seen on the adjoining plane precisely upon the black 
line v, and the operation is completed. It must then be observed what 
proportion of the principal circle has been moved. Suppose that 105 on 
it be now on a line with 0 on the vernier;—it is the value of the angle. 
But suppose it to be a little more than 105 and less than 1054: it must 
then be observed which line of the vernier touches, or forms but one line 
mith, another line on the principal circle: suppose it to be 5 on the 
yernier, the angle is then 105° 5’, which is the true value of the obtuse 
angle of a rhomboid of carbonate of lime. 

In following the method of dissection above described, Haiiy obtained 
six primilive forms, which by further mechanical division, may be reduced 
to three integral elements. The primitive forms are :— 


1. The cube parallel- 2. The tetraédron. 3. The octoédron. 
opipedon, &c. (Fig.17.) (Fig. 18.) (Fig. 19.) 
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4, The hexangular 5. The rhombic dode- 6. The dodecaédron 
stds Ce .20. - eaédron. (Fig. 21.) with isosceles trian- 
Ua age rails gular faces.(Fig. 22.) 


22 a 4 


The integral elements are:— . 
1. The parallelopiped, or simplest solid, having six surfaces parallel 


two and two. (Fig. 17.) 
TITAN 2. The triangular, or simplest prism, bounded by five 
i | 
| surfaces. (Fig. 23.) 

3. The tetraédron, or simplest pyramid, bounded by 

four surfaces. (Fig. 18.) . a 
| | | The secondary forms are supposed to arise from:decre- 

ments of particles taking place on different edges and angles — 
of the primitive forms. Thus a cube, having a'series of - 
decreasing layers of cubic particles upon each of its six faces, will become __ 
a dodecaédron, if the decrement be upon the edges (fig. 24); but an — 
octoédron, if upon the angles; and by irregular, intermediate, and mixed 
my decrements, (fig. 25), an in- 
f finite variety: of secondary 
forms would ensue, as the 
annexed figures show. It 
thus appears then, that every - 
crystal may be supposed to 
? includean invariable nucleus, © 
LT oor primary form, from which 

Ls @—, the secondary forms are de- — 

7p rived, by certain laws of de- 
crement. 2 

The above illustrations - 
have been taken from Haiiy | 
as furnishing the simplest 
instances of these theoretical 
views, but other crystallogra- 
phers have given very differ- 
ent statements of the num- 
ber and nature of the primary 
forms. Mr. Brooke (Introduction, p. 6) has enumerated fifteen, namely, 
1. The cube, contained within six square planes (fig. 17). 2. The regu- 
lar tetraédron, contained within four equilateral triangular planes (fig. 18). _ 
3. The regular octoédron, resembling two four-sided pyramids united — 
base to base; the planes are equilateral triangles, and the common base of —__ 
the two pyramids (or the base of the octoédron) is a square (fig. 19). ae 
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4. The rhombic dodecaédron 
contained between twelve 
equal rhombic planes (fig. 21). 
5. The octoedron witha square 
base (fig.26), contained with- 
in eight equal isosceles trian- 
gular planes; the square base 
distinguishes it from figures 
27 and 28, and is the only 
part of the figure which is 
constant. 6. The octoédron 
mith a rectangular base, its 
planes are generally isosceles 
triangles, but not equal (fig. 
27). 7. The octoédron with 
a rhombic base, contained 
within eight equal scalene triangular planes: all its dimensions are variable 
(fig. 28). 8. The right square prism (fig. 29). (A prism is a solid 
whose lateral edges are parallel, and whose terminal planes are also 
parallel: those which stand perpendicularly when resting on their base, 
are called right prisms; those which incline, are called oblique prisms.) 
9. The right rectangular prism (fig. 30), whose three edges, a 6 c, are 
unequal; for if any two of those were equal, the prism would be square. 
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10. The right rhombic prism (fig. 31), differing from the preceding in the 
planes a a being rhombs. 11. The right rhomboidal prism (fig. 32), in 
which the planes a a are rhomboids. 12. The oblique rhombic prism 
(fig. 33). 13. The oblique rhomboidal prism or doubly oblique prism 
(fig. 34). 14. The rhomboid, or rhomboédron, bounded by six equal 
rhombic planes (fig. 35). 15. The regular hexagonal prism (fig. 36). 
In reference to the geometrical relations of these forms to each other, and 
to the production of secondary forms, I must again refer to Mr. Brooke’s 
Introduction. “26% «282 Po ae 

The geometrical’ forms of crystals have been referred by Weiss to cer- 
tain lines, in respect to which each face is accompanied by others having 
the same positions and properties, and which ate termed axes of sym- 
metry. A rhomboid of calc-spar, for instance, may be so placed with one 
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of its obtuse angles uppermost, as that the three faces which meet there. 
shall be equally inclined to the perpendicular line. “In this position 
every derivative face which is obtained by any modification of the faces — 
or edges of the rhomboédron, implies either three or six such derivative 
faces; for no one of the three upper faces of the rhomboédron has any 
character or property different from the other two; and therefore there is 
no reason for the existence of a derivative from one of the primitive faces 
which does not equally hold for the others. Hence the derivative forms 
will in all cases contain none but faces connected by this kind of corre- 
spondence; the axis thus made vertical will be an axis of symmetry, and 
the crystal will consist of three divisions ranged round this axis and 
exactly resembling each other. But this is only one of the kinds of 
symmetry which crystalline forms may assume: instead of being wniaxal, 
they may have three axes of complete equal symmetry at right angles to 
each other, as the cube and regular octoédron; or two axes of equal sym- 
metry perpendicular to each other, and to a third axis which is not 
affected with the same symmetry with which they are; such a figure is a 
square pyramid: or they may have three rectangular axes all of unequal 
symmetry, the modifications referring to each axis separately from the 
other two. These systems are respectively distinguished in the nomen- 
clature of Mohs as the rhoméoédral, the tessular, the pyramidal, and the 
prismatic.” (DantEw’s Introd. § 124. See also in reference to Weiss’s 
system, Turner's Elements of Chemistry, 6th edit.) 

In examining the forms and texture of crystals, we occasionally 
meet with cases to which the theories of primary 
and secondary forms are not satisfactorily appli- 
cable. A slice of fluor-spar, for instance, obtained 
by making two successive and parallel sections, 
may be divided into acute rhomboids; but these 
are not the primitive form of the spar, because, 
by the removal of a tetraédron from each extre- 
mity of the rhomboid, an octoédron is obtained 
(fig. 37). Thus, as the whole mass of fluor 
may be divided into tetraédra and octoédra, it 
becomes a question which of these forms is to be 
called primitive, especially as neither of them 
ean fill space without leaving vacuities, nor can 
they produce any arrangement sufficiently stable to form the basis of a 
permanent crystal. Mr. Daniell, in the following figures, has represented 


As 


'Tetraédral Tetraédron. Octoédral Tetraédron. 
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Octoédral Octoédron. Tetraédral Octoédron. 


these constructions of the tetraédron and octoédron each with tetraédral 
and octoédral particles, in which it is seen that the tetraédral structure igs 
interspersed with octoédral vacuities, and the octoédral with tetraédral 
spaces; so that one might be conceived to be taken out of the other. 

“All bodies,” he observes, ‘“‘may be considered as attracting each other, 
as if the whole of their matter were condensed into their centres of gravity, 
which therefore would in all cases be drawn as closely as possible 
together: under this law solid tetraédra and octoédra would apply them- 
selves to each other by their sides, and not by their edges.” 

To obviate such incongruities, Dr. Wollaston (Phil. Trans., 1813,) fol- 
lowing out an hypothesis previously developed 
to a considerable extent by Dr. Hooke, proposed 
to consider the primitive particles as spheres, 
which, by mutual attraction, have assumed that 
arrangement which brings them as near as 
possible to each other. When a number of 
similar balls are pressed together in the same plane, they form equilateral 
triangles with each other (fig. 42); and if balls so placed were cemented 
together and afterwards broken asunder, the straight lines in which they 
would be disposed to separate would form angles of 60° with each other. 
A single ball, placed anywhere on this stratum, would touch three of 
the lower balls, and the planes touching their surfaces would then include 
a regular tetraédron (fig. 43). A square of four balls, with a single ball 


resting upon the centre of each surface would form an octoédron 
(fig. 44); and upon applying two other balls at opposite sides of this 
octoédron, the group will represent the acute rhomboédron (fig. 45); 
or by placing*a ball on each face of the octoédron, it becomes a cube (fig. 46). 


126 SPHEROIDICAL ATOMS. 


Thus the difficulty of the primitive form of fluor, above alluded to, 
is done away, by assuming a sphere as the ultimate molecule. By 
oblate and oblong spheroids other forms may be obtained. Thus by 
a oblate spheroids having their axes in the pro-_ 
portion of 1 to 2°87, an oblate rhomboédron, 
the angles of which would correspond with 
those of calc-spar, would :result, and all such 
solids would split in directions parallel to their 
faces (fig.47). With oblong spheroids, on the 
contrary, (fig. 48), the centres would approach 
~~ \ nearest to each other by mutual attraction when 
their axes were parallel and their shortest diameters in the ~ 
same plane; whence a solid which would split into plates at 
right angles to its axis, and the plates would be divisible 
into equiangular three or six-sided prisms; a cleavage be- 
longing to phosphate of lime, to the beryl, and other minerals. 
49 Mr. Daniell (Quarterly Jour- 
nal of Scienceand the Arts, vol.1., 
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B= = 3 ~=and Journal of the Royal Insti- 

2E == tution, vol. ii.) has offered some 

= ==; curious and important confirma- 

s ==— tions of Dr. Wollaston’s hypo- 
— thesis. If an amorphous piece — 


of alum be immersed in water, 
and left quietly to dissolve, itis 
unequally acted upon by thé fluid 
(see fig. 1): and the mass: pre- 
sents the forms of octo€dra, and 
sections of octoédra, as it were 
carved or stamped upon its sur- 
face, as in the annexed figures, 49 
and 50. This appearance is pro- 
duced when the attraction of the 
water for the solid is nearly 
counterbalanced by its mechani- 
cal texture. The crystals formed - 
by this species of dissection are, 
highly curious, from their modi- 
fications and relative positions, 
as the same group presents the primitive form, as well as its truncations 
and decrements. ; 

Other salts yield other figures, and by more complicated chemical 
action, as of acids upon carbonate of lime, the metals, &c., analogous results _ 
are obtained. Here, then, instead of dividing a crystal by mechanical force, 
its structure is gradually developed by the process of solution. In these _ 
cases two circumstances are particularly remarkable; the crystals are dif- : 
ferent; and their forms vary with the different faces of the original mass. 
In one direction we observe octoédra and sections of octoédra; in another, _ 
parallelograms, modified by certain determinate intersections. If, in — 
either of these positions, we turn the mass upon its axis, the same figures — 


. 


? 
s 


SPHERICAL ATOMS. 127 


. 


are perceived at every quadrant of a:circle; and if we suppose the planes 
continued, they will mutually intersect each other, and various geometri- 
cal solids will be constructed. In this way, alum alone furnishes octoé- 
drons, tetraédons, cubes, four and eight sided prisms, either with plain 


or pyramidal terminations, and rhombic parallelopipedons. It is evident, 


then, that no theory of crystallization can be admitted, which is not 
founded upon such a disposition of constituent particles, as may furnish 
all these modifications, by mere abstraction of certain individuals from 
the congeries, without altering the original relative position of those 
which remain; and these conditions may be fulfilled by such an arrange- 
ment of spherical particles, as would arise from the combination of an 
indefinite number of balls endued with mutual attraction 3; and no other 
geometrical solid is adequate to the purpose; and where bodies afford 
crystals differing from the octoédral series, an analogous explanation is 
furnished by supposing their constituent particles to consist of oblate 
spheroids whose axes bear different proportions to each other in different 
substances. Hence we may also conclude, that the internal ‘structure of 
all crystals of the same body is alike, however the external shapes differ. 
In corroboration of the above hypothesis, Mr. Daniell remarks that the 
hexaédron is, of all geometrical figures, that which includes the greatest 
capacity under the least surface. “If, therefore, the ultimate particles of 
_ crystalline bodies be spheres or spheroids, the greatest possible number 
in the least space will be included in this form. It is probable that the 
exterior shape of every crystal is determined by the nucleus first formed 
by a certain definite number of particles, which, by the power of mutual 
attraction, overcome the ‘resistance of the medium in which they were 
suspended, or from which they were separated. This number may vary 
with the solvent, or other contingent circumstances. Four spherical par- 
ticles, thus united, would balance each other in a tetraédral group, six in 
an octoédral group, and each would present particular points of attraction 
to which all subsequent deposits would be directed. Now, let us imagine 
two nuclei formed in the same solution, Whose axes run in contrary 
directions; their increase will consequently be in contrary directions, and 
each will attract a particular system of. particles from the surrounding 
medium. If these two systems should cross each other in their course, a 
greater number will be brought within the sphere of mutual re-action at 
_ the point of junction, and they ought to arrange themselves in the least 
possible compass. The facts here answer to the theory. If we select 
any crystals, having others crossing them nearly at right angles, and 
Separate them, the points of junction invariably present an hexaédral 
arrangement.” 

We have already adverted to the important applications of. the 
phenomena and process of crystallization to theoretical and practical 
chemistry. To the mineralogist, the science of crystallography is equally 
indispensable; it enables him to determine the species to which minerals 
belong, and to recognise their varieties by their external and mechanical 
characters. 

_. Under the term isomorphism we have above alluded to -the close 
approximation, if not identity, of form, which certain crystallized com- 
pounds of analogous atomic constitution assume. . Of these isomorphous 
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bodies a table has been drawn up by Professor Johnston (Report 4 i 


on Chemistry to the British Association). The following are their princi- 
pal groups, (TurNER’s Elements, 6th edit., p. 646,) their atomic speak 
will be afterwards noticed. 
}. 8. 
Silver. Salts of soda. 
Gold. — oxide of silver. 


ae 
Arsenious acid. 2 


Sesquioxide of antimony. 


Salts of baryta. 
strontia. 


A 3. lime (in aragonite. ) 
Alumina. oxide of lead. 
Peroxide of iron. 

Hi 10. 
Arseniates. Salts a Se sia 
hosphates. rib See: : 
Ebosphates n protoxide of iron. 
Sulphates. RT eps et 

: a zinc, 
Seleniates. ewe 
Chromates. ibinhik<4 
Manganates. CARPE 

6. lit 
Perchlorates. Salts of alumina. 
Permanganates. —--— peroxide of iron. 

op oxide of chromium. 


Salts of potassa. sesquioxide of manganese. _ 


Salts of ammonia, with 1 atom of 
water, 


Dr. Turner observes that there are other analogies among isomorphous 
bodies independent of form: arsenic and phosphorus for instance resemble 
each other in odour, in forming gaseous compounds with hydrogen, in the 
relative proportions of oxygen with which they combine, and in the quan- 
tity of water in their salts. Selenium and sulphur resemble each other 
in fusibility, volatility, and combustibility, and in forming analogous 
atomic compounds with hydrogen and with oxygen: sulphuric acid and 
selenic acid, and their respective salts, are equally allied. Baryta and 
strontia, lime and magnesia, cobalt and nickel, exhibit similar relation- 
ships. Isomorphous substances also readily crystallize together, and 


are difficultly separated. Dr. Daubeny, for instance, found that a weak 


solution of lime in water 1s very sluggishly affected by the delicate test | 


of oxalate of ammonia, when much sulphate of magnesia is at the same 
time present;and Dr.'Turner found that chloride of magnesium could not 
be purified from lime by oxalate of ammonia. From a mixed solution 
of the protosulphates of copper and iron, crystals, retaining the same quan- 
tity of water, and having the same form as those of protosulphate of iron, 
are obtained, though they include a large quantity of copper. The pro- 
tosulphates of zinc and copper, of copper and magnesia, of copper and — 
nickel, zinc and manganese, manganese and magnesia, crystallize together, 


having the same form and the same quantity of water as the protosul- 


phate of iron. These salts are not separable by repeated crystallizations, 


and yet they are not chemically united in definite proportions as true 


double salts, but merely crystallize together. In minerals similar isomor- 
phous mixtures occur: thus the garnet is a double silicate of alumina 
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and lime, in which, as also in alum, the alumina may be replaced by per= 
oxide of iron; or they may be both present in any proportion, provided 
their sum be equivalent to either singly. So also while peroxide of iron 
replaces the alumina, the lime might be replaced by protoxide of iron, and 
a mineral would result, having the form of. the garnet, but containing 
neither alumina nor lime, and being in fact a compound of the silicate of 
peroxide of iron with the silicate of protoxide of iron, instead of, as in the 
garnet, silicate of alumina with silicate of lime. Other substitutions of 
isomorphous elements or compounds might take place without influencing 
the crystaliographic character ; and from other mineral compounds simi- 
lar instances might be selected. 

Another curious fact in regard to crystals, also noticed by Mitscher- 
lich, is the assumption by the same substance of two incompatible crys- 
talline forms: such bodies are therefore called Dimorphous. This is the 
ease with sulphur, which when crystallized by fusion yields oblique 
rhombic prisms, but is deposited from certain of ‘its solutions in rhombic 
octoédrons. Pure carbon, in the form of diamond, crystallizes in octoé- 
drons, but as graphite, in hexagonal plates. Carbonate of lime in cale- 
Spar has the rhomboédral structure, but in arragonite that of the rec- 
tangular octoédron; and there are other analogous cases. It has been 
found in regard to these cases of dimorphism that each form has its 
peculiar density; the specific gravity of cale-spar for instance being 2°71; 
that of arragonite is 2°04. The temperature too at which the crystals are 
formed is another influencing cause: thus when carbonate of lime is pre- 
cipitated by adding chloride of calcium to carbonate of ammonia, the 
grains of the powder are rhomboédral if thrown down at the temperature 
of 50°, but octoédral, if at 150°. (G. Rost, Phil. Mag., xii., 465.) 

There are, moreover, some cases in which solids themselves change 
their molecular arrangement: thus sugar which has been boiled down to 
Such a consistency as to solidify on cooling, forms a transparent vitreous 
mass, as seen in what is termed barley-sugar; but this, if kept for some 
time, hecomes opaque, granular, and friable. Old brass wire is apt to grow 
brittle. Prismatic crystals of sulphate of nickel and of geleniate of zine, 
when exposed to the sun, become opaque, and break up into small octo- 
édrons. Crystals of sulphate of magnesia or of sulphate of zinc, heated 
in oil to a temperature of about 126°, become opaque, and when broken 
are found to consist of a number of individual crystals, easily separated, 
(Mirscurrticu. See also Muruvon, Quart. Journ. Type 123) md 
GREGORY Warr’ experiments on the effect of slow cooling upon certain 
substances, Phil. Trans. 1804, p- 279.) Dr. Macculloch has noticed the 
crystalline texture occasionally acquired by some kinds of sandstone, 
which, having served for the hearths of furnaces, have been long exposed 
to heat, though always far below their point of fusion. But no modifica- 
tion of form is more remarkable than that of glass, a state, of which many 
bodies are susceptible, and characterized by a curved or conchoidal 
(glassy) fracture; it never breaks with plane surfaces or sparry. Under 
certain circumstances, however, vitreous compounds pass into crystalline 
forms, and in large masses of glassy slag, globular nodules of radiating 
and acicular crystals are not very uncommon, »Arsenious acid presents a 
similar phenomenon: when recently fused or sublimed it is usually 
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glassy and transparent, but it gradually becomes an opaque, white, crys- — 
talline solid; the change commencing at the surface, and gradually pro- — 
ceeding to the centre, This change from the vitreous to the crystalline 
state sometimes takes place suddenly, and gives rise to a curious pheno- 
menon observed by G. Rose: the vitreous acid, when dissolved in hot and 
dilute hydrochloric acid, deposits crystals of the opaque acid, and a flash 
of light is emitted at the formation of each crystal; this appearance 1s 
not observed when the hydrochloric solution is made with the opaque or — 
crystalline, instead of the transparent or glassy, acid. e 
There are other cases in which what may be termed dimorphism is 
to a certain extent produced by changes of temperature. Thus the red 
sulphuret and the red oxide of mercury both hecome black when highly — 
heated, but reassume their red colour on cooling; periodide of mercury is — 
often yellow whilst hot, but becomes scarlet as it cools. Oxide of zine is 
yellow whilst hot, and white when cold. Even gaseous bodies are sus- 
ceptible of changes of this kind, of which nitrous acid vapour furnishes 
an instance, being nearly colourless when very cold, but of a deep orange 
when heated. When precipitated sulphuret of antimony is dried at about 
400° it retains its deep orange colour, but when heated a little higher, it 
shrinks, blackens, and acquires a metallic lustre, without further loss of — 
weight; and on the other hand, the black sulphuret, when strongly 
heated, and suddenly cooled by throwing it into water, acquires a brown 
colour. , 
Certain metallic oxides, such as alumina, peroxide of tin, and oxide of — 
chromium, become insoluble in acids after having been heated to redness; — 
and some of them, in passing from the soluble to the insoluble state, sud- — 
denly become luminous, and rise greatly in temperature: this is remark- 
ably the case with gadolinite, which, glows when heated, and changes — 
colour, but sustains no change of weight. 1h 
The cause of many of these extraordinary phenomena, in which — 
bodies undergo changes in form and properties, whilst their composition — 
is not apparently altered, may in some instances no doubt be referred to — 
modifications of their molecular arrangements; in other cases the loss or _ 
evolution of heat is apparent. ‘The circumstance,’ says Professor 
Graham (Elements of Chemistry, part ii.), “most certain respecting this — 
change in bodies is that they do not contain a quantity of heat after the_ 
change, which they must have possessed before its occurrence, in acom- 
bined or latent form. No ponderable constituent is lost, but there is this 
loss of heat. A change of the arrangement of the particles, it is true, 
might occur at the same time in some of these bodies, such as is observed 
when sulphite of soda is converted by heat into a mixture of sulphate of - 

_ soda and sulphuret of sodium, without change of weight; but it would 
be difficult to apply an explanation of this nature to oxides, such as 
alumina and peroxide of tin, which contain only two constituents. The 
loss of heat observed will afford all the explanation necessary, if heat be 
admitted as a constituent of bodies equally essential as their ponderable — 
elements. As the oxide of chromium possesses more combined heat 
when in the soluble than in the insoluble state, the first may be justly 
viewed as the higher caloruret, and the body in question may have dif- 


ferent proportions of this as well as of any other constituent.” : % 
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HEAT, LIGHT, AND RADIANT MATTER. 


- 


Heat—t1irs Errects anp Sourcrs. 


Heat may be considered as the antagonist power to attraction*, one 

of its most obvious effects being the dilatation or expansion of bodies; so 
that, whenever a body is heated, it is enlarged in bulk, and consequently 
diminished in specific gravity. These changes are temporary only; for, 
on cooling, the body regains its former dimensions, and a further reduc- 
tion of heat causes a proportionate diminution of bulk: henée, bodies are 
said to expand when heated, and to contract when cooled; a law to which 
the exceptions are very limited. 
__ We know nothing of the cause of heat, but we generally refer the 
effects perceived to the presence of a highly attenuated and imponderable 
fiuid, the particles of which repel each other, but are attracted by 
all other substances: it is supposed to pervade all matter, and to be 
diffused over the whole universe. To this supposed subtile fluid the French 
nomenclaturists gave the name of caloric—a term which has been much 
employed, under the idea that the word heat, which is applied both to 
cause and effect, might lead to ambiguity: this, however, it need not; 
and whatever may be the cause of the phenomena, the word heat may be 
used to denote that state or condition of a body which excites in us the 
sensation of heat. 


§ 1.— EXPANSION IN GENERAL. 


Boptzs exist in nature under three forms,—solids, liquids, and gases 
or vapours; these three forms of matter suffer expansion and contraction 
in very different degrees, when exposed to similar changes of temperature: 
in solids, the change of dimensions is comparatively small, and refined 
means are necessary to determine and measure it; in liquids it is more 
obvious; and in gases extremely apparent. 

To show the expansion of a solid, a bar of metal for instance, we may 
he provided with a gauge which measures its length and breadth at ordi- 
nary temperatures; and it will ? 
be found that, when heated, it 
will no longer pass through 
the apertures which readily ad- 
mitted it when cold. a (fig. 51) 
is a brass bar with a handle 
attached, the length of which, 
_at common temperatures, is ex- 
actly equal to the notch ¢ in 
the plate 6, and it exactly passes into the circular aperture d. If the bar - 
be now heated by plunging it into boiling water, it will be found so much 
enlarged in all its dimensions, as not to pass through the apertures, If, 
on the contrary, it be cooled by ice, it will then contract, and pass them 
more readily. 


* Fresnel observes that a sensible re- | bodies delicately suspended in vacuo.— 
_ pulsive power is conferred by heat upon | (Ann. de Ch. et Ph., Xxix., 57 and 107.) 
ty 
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shown as follows: pour into a large thermometer. tube (fig. 52) a qua 
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The expansion and contraction of a liquid, when heated, are ea 


‘ 
= 


of brandy, so as to fill the bulb, and rise in the stem up to t 
Plunge it into warm water, and the spirit will dilate and rise in the t 
up to the point 6; remove 
it, and suffer it to regain 
its original temperature, a1 
its bulk will return to as 
but if it now be put into 
: ice, the liquid will contract, — 
falling in the tube to c; but again expanding, when removed Anko. the | 
atmosphere at ordinary temperatures. . 


Aériform bodies far exceed the foram 
mer in expansibility. Place a thermo- — 
meter-tube, with its open end in a glass 
of water, as in fig. 53, and apply the — 
heat of the hand to the bulb a; this will — 
be sufficient to expand the air within, © 
so that bubbles will escape through the © 
water, and on removing the source of 4 
heat, the water will ee in the tube, — 
showing, by the place it occupies, the ™ 
degree of expansion which the air had | 
suffered. “<9 

Thus far the general fact of the ex- 
pansion of the different forms of matter 4 
by heat, and their contraction by cold, is — 
easily demonaicsteds but there are pec 
liarities belonging to each, and applica- _ : 
tions resulting from them, which must — 
be entered ines more in detail. a 


vA. 


§ 2.—Or THE EXpansion OF SoLips. 


DirrerentT solids possess different degrees of expansibility, and among 
them the metals are most susceptible of change of bulk; but each solid 
possesses a rate of expansion of its own. Lead, for instance, expands” 
volume one-350th; iron, one-800th; glass, one-1000th; in other word 
350 cubic inches of lead become 35]; 800 of iron, 801; and 1000 | 
glass, 1001. In consequence of the numerous purposes to which gla ; 
and the metals are applied, and with which these changes of bulk inter- 
fere, it becomes necessary to examine their extent with precision. aa 

The following table shows the linear dilatation of glass and several 
of the metals between the freezing and the boiling aa of watei 7 
(DaNtELt.) a 


L 


1000000 of Glass tube . become 1000861 | 1000000 of Copper . become 10017 12 
i Crown glass _,, 1000875 | fe Brass os 10017: 
a Platinum. : 1600856 * Silver 4. Vay eee 
+ Cast iron’ > 3:\..5, \eoll.l 5 Gina. oF geen es 1001 
5 Steel . Sees 1001189 aye ead.e 2? (Sie sae 
. Gold . . 4, 1001460 oe 
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_ The expansion in volume may be obtained 
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without sensible error by 


_ trebling the number which expresses the increase in length, where, as 
in the above cases, the fraction of its length is small; thus, if a glass 
_ tube elongates by one-1248th when heated from 32° to 212°, its cubic 
Space will have increased by three-1248ths; or one-416th of its former 


= capacity. 


In the range of temperat 


ure between 32° and 212°, these expansions 


_ are apparently nearly equable; but the experiments of Dulong and Petit 
— (Ann. de Chim. et Phys., and Annals of Philosophy, xiii. 164), prove 
that the rate of expansion increases with the temperature, as shown in 

_ the following tables:— 7 


I. Increasing Dilatation of Glass by Heat. 


Temperature by Air 
Thermometer. 
(Fahrenheit.) 


Dilatation of Glass for 


Mean absolute 


each Degree. 


Temperature 
by a Thermometer 
made of Glass. 


From 32° to 212° 
» _ 32° to 392° 
weroe- t0°572° 


212°:0 
415°°8 
667°°2 


. II, Increasing Dilatation of Metals by Heat. 


Mean Dila- |Temperature | 


Temperature| Mean Dila- |Temperature 
by Air tation of Iron| by Iron-rod 
Thermo- for each Thermo- 
meter. Degree. meter. 
9) tae 2 Oo 

2 212 50760 a2 

: fe) 1 Oe 
872 sates | 702°-5 


Mean Dila- 


a tur 
tation of | by Copper tation of by Piatinat 
Copper for Thermo- | Platinum for Thermometer 
each Degree. meter. each Degree. % 
ein Del a ES Te l . 
34120 12 67860. Bo: 
Tee * [es Laer | Oo, y 
3186 623°°8 65340 5929 


“It appears that, at temperatures beyond 212°, glass expands in a 
‘greater ratio than mercury, and as the mercurial thermometer measures 
the difference of the expansion of the glass and metal upon the suppo- 
sition that they are both uniform, its degrees require a correction in the 
upper part of the scale, when compared with the equal dilatation of air. 
Thus the temperature of 586° on the mercurial thermometer corresponds 
with 572° on the air thermometer; while, from the third column of the 
first table, it appears that the expansion of glass alone, supposed to be 
equable, would indicate 667° for the same point. The second, fourth, 
and sixth columns of the second table show the mean expansion for 
each degree of iron, copper, and platinum when heated from 32° to 
212°, compared with that from 32° to 572°; the third, fifth, and seventh 
columns indicate the degrees on thermometric bars of these metals, 
corresponding to the temperature of 572° on an air thermometer,’ 
(Dantett, § 148.) By the aid of his register pyrometer, Mr. Daniell has 
constructed the following table, showing the progressive amount of the 
expansion of several metals, up to their point of fusion. 


a a 
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Progressive Dilatation of Solids. 


1000000 parts, AT 62°. 


At 212°. At 662°. At Fusing Point. 


Black Lead Ware . . 1000244 1000703 
Wedgwood Ware . .| 1000735 1002995 
(1009926 maximum, but 


PUI) Ps eo a 1000735 1002995 not fused. 


Iron (Wrought) . . . 1000984 | 1004483 Bie Perens 
Iron (Cast). . - . .| 1000893 | 1003943 | 1016389 
Gold)... ts wy} 1bo;oas | doddaeR 
Copper . . . . « «| 1001430 | 1006347 | 1024376 
Silver . 2. + + + | 1001626 | 1006886 | 1020640 
Fine». . sei a» «| 1002480 |: 1009527 | |..1012631 
Tisad <2 Yours tél ebb 100ag00 1009072 
ihe ks Pees ep! pole 1003798 


Dr. Ure hag proved, in regard to zinc, that that metal permanently — 
elongates after frequent heating and cooling. © It would seem,” he says, 
“that the plates composing this metal, in sliding over each other, by the 
expansive force of heat, present such an adhesive friction as to prevent 
their entire retraction.” In regard to the unequal expansion of bodies at 
different temperatures, the same philosopher remarks, that it is probable — 
every species of matter follows an increasing rate in its enlargement by 
caloric, for each portion that enters a body must weaken cohesion, and 
therefore render the operation of the next portion that is introduced more 4 
efficacious. The curious fact of the unequal expansion of certain crystals — 
discovered by Mitscherlich has already been mentioned, (p. 118.) ae 
In consequence of the extensive use which is made of iron in the — 
construction of bridges, and as a substitute for timber, mechanics have 
become more fully aware of the necessity of making due allowance for = 
its expansion and contraction, and such arrangements as may admit of it — 
without injury to the other parts of the building. The arches of the 
Southwark bridge rise and fall about one inch within the usual range of 5 
atmospheric temperatures. Where great lengths of iron pipe are used, — 
as for the conveyance of gas or water, some of the junctions are so con- | — 
trived as to allow of their elongation and contraction, without fracture. — 
Where iron beams are employed, they must be so placed as to admit of 
some play without injury to the walls; and where such precaution has — 
not been taken, their contraction and expansion have tended to endanger 
the building. Iron roofs, in consequence of their situation exposing . 
them to the influence of a hot sun, or to the cold of winter, require 
peculiar care in this respect; and in other cases, apparently of trivial 
importance, serious consequences have resulted from the incautious 
application of iron bars in situations where their changes of bulk could 
be productive of mischief, as in clamping stones together in the construc- 
tion of steeples, and in placing iron railings betweeh columns, &c.; for 
these changes of bulk, small as they are in amount, take place with irre- 
sistible force. This fact was well illustrated in an application made of it by * 
M. Molard for restoring the perpendicularity of the walls of the Museum — 
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of Arts and Manufactures in Paris, which, in consequence of the weight of 
the roof, were bulging outward; he laid iron rods across the building, the 
ends of which projected through the opposite walls; these rods were 
then heated, and when in an expanded state a strong iron plate upon 
either end of each rod was firmly screwed up against the exterior of the 
wall: during their contraction on cooling the rods drew the walls some- 
what nearer together: the bars were then again elongated by heat, the 
screws being again tightened, and so by a repetition of the process the 
walls were gradually brought to a perpendicular position. The same 
process has been applied in the restoration of the cathedral at Armagh. 

It appears from the above tables that the expansion of glass and of 
platinum is nearly similar: hence wires of that metal may be welded into 
fused glass without inconvenience; but if we substitute a wire of another 
metal, its different rate of contraction will tend to break the glass as it 
cools. It is also seen that iron or steel is less expansible than brass; if, 
therefore, we form a compound bar of these or any other two differently 
expansible metals, by riveting or soldering them together, such a bar, by 
changes of temperature, will constantly warp in one direction or other, 
according to the relative position of 
the steel and brass. Let fig, 54 re- 
present the compound bar, the steel 
being uppermost; if we then put it — 
upon a heated plate, the bar will 
warp, as shown in fig. 55, in conse- 
quence of the greater expansion of 
the brass; if, on the contrary, the compound bar be subjected to cold, it 
will assume the opposite curve, fig. 56, in consequence of the greater con- 
traction of the brass. A compound plate of silver and platinum is 
remarkably susceptible of these contortions; and such contrivances have 
_ been applied to the construction of instruments for measuring changes of 
temperature, as in Breguet’s Thermometer, which consists of a very thin 
and narrow strip of platinum, plated with silver and coiled into a spiral, 
one end of which is attached to an upright support, and the other to an 
index moving over a graduated circle: with changes of temperature the 
spiral twists and untwists, carrying with it the index: the value of the 
degrees on the circle is determined by comparison with a mercurial ther- 
‘mometer. 

The expansion and contraction of the metals by heat and cold is a 
serious inconvenience to the chronometer-maker, as necessarily interfering 
with the rate of going of the clock or watch. The pendulum, to vibrate 
seconds, must always be of a given length*, and it is obvious that if of 
metal it will be liable to shorten in winter and lengthen in summer: thus 
the clock will be fast in the former, and slow in the latter seasont. 


* The length of the pendulum vibrat- | an inch, the clock loses ten seconds in 
g p 
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ing seconds in vacuo in the latitude of 
London (51° 31’ 8” North) at the level 
of the sea, and at the temperature of 
62°, is = 3913929 inches of Sir George 
Shuckburgh’s standard scale. KaTeER, 
Phil. Trans., 1819, p. 415. 

. + When the bob is let down ste of 


twenty-four hours; hence the elongation 
of r3'55 of an inch will cause it to lose 
one second per day, and a change of 
temperature equal to 30° of Fahrenheit 
will alter its length about 3006 part, and 
occasion an error in the rate of going, of 
eight seconds per day. 
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The contrivances which have been resorted to, to counteract this’ 
inconvenience, are numerous, and many of them extremely ingenious; — 
57 | but any details upon the subject would — 

zz ae & be misplaced here. The following — 
yo Soe mode of compensation is, however, — 
particularly illustrated. by the princi- 


WA 


Y, 4 ple here explained. a represents io 
y a pendulum-rod of brass or steel, sus- 
y a pended by the thin plate 6 between — 
We 58 : the compensation-bars of brass and 
y i = — steel (fig. 54) ce c, which are firmly — 
ZY @ S fixed at the ends c, and are supplied _ 
Oe with proper adjustments. Let us now 
Y suppose the pendulum exactly vibrat- 


ing seconds at the temperature of 62°, — 
and that the temperature rises to 80°: 
in this case, the bar a would be elon= — 
gated, and it would not then vibrate A 
so many as 60 seconds in the minute; _ 
but the effect of increase of tempera= — 
ture in the compensation-bars, suppos= 
ing the brass uppermost, would be to — 
warp them, as in the annexed sketch, — 
fig. 58, and, virtually, to shorten the — 
pendulum; and in cold weather, on — 
the contrary, the rod of the pendulum — 
would be shortened, but the bars — 
warping upwards (as in fig. 59,) would 
tend to elongate it. A similar plan — 
of compensation may be applied to the balance-springs of watches, which — 
are affected in the same way, and with the same effects, as the pendulum 
of a clock. o<_ 
The dimensions of wood are much less altered by changes of tempe- _ 
rature than those of metals; it is, thereforc, occasionally used for the rods — 
of very large pendulums; but, in other cases, it is not found effectual, — 
and is liable to be deranged by the varying moisture of the atmosphere. ~ 
There are some common operations, in which the expansion and con-— 
traction of metals by heat and cold are beneficially applicable: by putting — 
the hoops upon a cask, in a heated state, they gradually contract on — 
cooling, and firmly bind the staves together; and, with the same view, — 
the wheelwright heats the tire of his wheel, that it may firmly press — 
upon the circumference as it cools: so also the plates of large boilers are — 
united by hot rivets, which during their contraction on cooling draw them — 
firmly and securely together. ~ 
A very remarkable anomaly as regards the usual laws of expansion _ 
and contraction is presented by the fusible alloy of two parts of bismut 
one of lead, and one of tin. <A bar of this metal at 32° expands till 
attains the temperature of 111°: it then rapidly contracts by the continu 
addition of heat up to 156°, when it has attained its maximum dens: 
occupying less space than even at 32°; it then again “progressit 
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expands, its point of fusion being 201°. (Ermann.) These extraordinary 
phenomena,are well illustrated by filling a glass test-tube with the fused 

_alloy, and suffering it to cool; this goes on quietly till it arrives at its 
minimum yolume, 156°; soon after which the tube is suddenly broken 
_by the expansion of the metal during cooling, it attaining its maximum 
-yolume at 111°. 


§ 3.~-Expansron or Lreumms. 


Tue expansibility of different liquids, like that of solids, is liable to 
variation: ether, for instance, is more expansible than alcohol, and alco- 
hol more so than water, and water than mercury. Liquids are also 

_ differently expansible at different temperatures; and, generally speaking, 

_ their rate of expansion increases with their temperature. This irregu- 
larity is chiefly observed in those liquids which readily boil; where they 
require a very high temperature to convert them into vapour, it is less 

observable. The expansion of mercury, for instance, at low and high 
temperatures, is only slightly dissimilar; hence one of its great advan- 
tages in the construction of thermometers. The following Table, by Dr. 
Thomson, shows the rate of expansion of several liquids between the 
temperatures of freezing and boiling water. 


Linseed Sulphuric Nitric Oil of ' 
Ne oe Oil. re Acid. socet Teper Bribes 
32° | 100000 100000 — — — — 100000 
40 100081 — 99752 99514 — —_ 100539 
50 100183 —_ 100000 100600 100023 106000 101105 
60 100304 — 1¢0279 100486 100091 100460 101688 
70 100406 —_ 100558 100990 100197 100993 102881 
&0 100508 — 1C0806 101530 100332 101471 | 102890 
SO 100610 — 101054 102088 100694 101931 103517 
160 100712 102760 101317 102620 100508 102446 104162 
110 100813 — 101540 103196 — 102943 — 

120 100915 — 101834 | 103776 101404 103421 — 
130 101017 — 102097 104352 — 103954 — 

+ 140 101119 — 102320 105132 —_ 104573 — 
150 101220 — 102614 — 102017 — — 
160 ~| 101322 — 102883 — —_ —- — 
170 101424 _— 103116 — — — _— 
180 | 101526 — 103339 — — — 

- 190 101628 — 163587 — 103617 — —s 
200 101730 =i 163911 — — — as 
212 101835 107250 —_ a 104557 — — 


According to Mr. Graham, on being heated from 32° to 212° 
Alcohol expands 4, that is 9 measures become 10 
Eee ee I es TS 
Vet i | IPTG ga 23°76 
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Alcohol, therefore, is six times more expansive by heat than mercury; 

and in the height of summer spirit of wine will measure about 5 per 


cent. more than in the depth of winter. 
The expansibility of the liquids resulting from the compression of 
_ gases is extremely remarkable, for it appears from the experiments of 
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M. Thilorier (Ann. de Chim. et Phys., tx., 427) that fluid carbonic acid, | 
is even more expansible by heat than air; heated from 32° to 86°, 
twenty volumes of this liquid increase to twenty-nine, which dilatation is 
about four times greater than that of air, Mr. Kemp has extended 
this observation to the liquids resulting from the compression of sulphur- 
ous acid and of cyanogen, which, though less dilatable than carbonic acid, 
are much more so than common liquids. Ke 

A remarkable correspondence has been observed by Gay Lussac be- 
tween the rates of expansion of alcohol and sulphuret of carbon, although 
their boiling points are very different, that of alcohol being 173°, and of 
sulphuret of carbon 116°: their changes of bulk for changes of tempe- 
rature are stated to be precisely similar, and they are the only liquids 
known to possess such a relation. 

There is an extraordinary exception to the law of expansion and 

contraction by heat and cold, in the case of water, which, unlike other 
fluids, expands when cooled below a certain point*, Other fluids diminish 
in bulk till they freeze; but if we fill a large thermometer-tube with 
water, of the temperature, for instance, of 80°, and then plunge the bulb 
into a freezing mixture, the water goes on shrinking till it has attained 
the temperature of about 40°; and then, instead of continuing to contract 
till it freezes, (as is the case with other liquids,) it slowly expands and 
rises in the tube until it congeals. In this case the expansion below 40° 
and above 40° seem to be equal ; so that water will be of the same bulk 
at 32° as at 48, that is, at 8° degrees above or below 40°. Crichton’s 
experiments place the maximurn of density at 42°, (Ann. of Phil., N.S. 
y., p. 491;) those of Hallstrom at 39-4, (Ann. de Chim. et Phys., xxviii., 
p. 90.) There is an elaborate paper in the Ann, de Chim. et Phys. 
(t. uxx.) by Despretz, upon the maximum density of water and of saline 
solutions: he places the maximum density of water at + 4° Centigrade, 
and states that below the maximum density the dilatation by cold is 
more considerable than the dilatation by heat above the same point, but 
that the difference is very minute and may probably be fallacious: that 
sea water and all saline solutions have a maximum of density: that the 
maximum of density sinks more rapidly than the point of congelation. 

The anomalous expansion of water by cold is productive of some 
most important consequences in nature; for if water, like other fluids, - 
went on diminishing in bulk, and therefore increasing in density, till it / 
froze, large bodies of water, instead of being only superficially frozen in 
winter, would become solid masses of ice. Let us take a fresh-water 
lake as an example. The earth being warmer in winter than the air, 
the heat is withdrawn from the surface of the water by the cold breezes 
that blow over it, and the whole body of water has its temperature low- 
ered to 40°, which is thé point of ils greatest density, and a temperature 
congenial to fish and’ other aquatic animals. ‘The cold now continues 
to operate upon the surface of the water, but instead of diminishing its 
bulk, and rendering it heavier than the warmer water beneath, it expands 
and renders it lighter; so that, under these circumstances, a stratum of 
ice-cold water (at 32°) will be found lying upon a mass of warmer water — 
beneath it (at 40°). The influence of the cold continuing, the surface of 4 


* See Prefatory History, p. 44. 
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the lake will soon freeze, but the water immediately below the superficial 
coating of ice will be found comparatively warm; and as water is almost 
a non-conductor of heat, it will be a long time before the ice attains any 
thickness; and the whole body of water, if of any depth, can never 
freeze throughout. Indeed, it will be obvious that the retardation of 
freezing will be proportional to the depth of water which has to be 


cooled, and hence some very deep basins or lakes are scarcely ever covered 


with ice. 
Perhaps the following experiment may render this property of water 
more intelligible. Let a a’, fig. 60, represent two cylindrical glass ves- 
sels, filled with water at 60°; 6 6' are tin trays surrounding and closely 
fitting the exteriors of the cylinders, and intended to contain a freezing 
mixture of snow and salt, which in a is applied to the upper surface, but 
in a’ to the bottom of the water. The first effect of the cold will be to 
reduce the temperature of the whole bulk of water, in both vessels, to 40°, 
that is, to the point ees 
of greatest. density. ui. s2¢_s |p > eT 
Avér which it will il ail) 2 | aD | | 
i 


be found that, in ; a 
the vessel a, tie cool- ; | | 90 | | 
#. | | a 
| | 320 


Wee 


ing effect will not 
proceed downwards, 
but will be limited 
to the surface, where 
the thermometer will 
gradually fall to 32°, 
and the water pro- 
bably freeze; for the 
ice-cold water being 
lighter than the 
water at 40° below, 
it will necessarily float upon the ‘surface: a thermometer, therefore, in 
the upper part of the vessel will fall to 32°, but in the lower part only to 
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40°. This may be said to represent the case of the lake above described. 


In the second cylinder a’, the cold, instead of being applied to the surface 
of the water, is applied to the bottom, and the effect is very different; 


for now the cooled water becoming lighter, ascends, whilst the warmer 


water descends, and becoming cooler im its turn, the whole body of water 
is reduced to the freezing temperature, an effect limited to the surface 
in the other cylinder, which represents what happens in nature, where 
the cold is always superficial; and ice being lighter than water, it is, of 
course, formed and remains upon the surface. With respect to sea water, 
or to a solution of salt in water, it is found that the temperature of the 
maximum of density: becomes lower and lower in proportion to the 


quantity of salt dissolved. 


As liquids, generally speaking, are enlarged, and consequently rendered 
specifically lighter, by heat, it follows that, in heating a mass of liquid, very 
different effects will be produced by applying heat to different parts of the 


_ vessel containing it: @ and 4, fig. 61, represent two tubes of thin glass 


filled with water, If we apply the flame of the spirit-lamp to the bot/om of 
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the tube a, the water will soon be — 
heated equally throughout, and boil; 
and this is the usual way of applying 
heat, namely, to the bottom of the 
boiler; but if, as in the tube 6, we 
heat the surface of the water, we 
shall find that it may be made to 
boil in the upper part of the tube, 
whilst the water at bottom will 
= remain cold. In this case, the 
water becomes lighter by being 
heated, and consequently floats 
upon the colder water below, to 
which scarcely any heat will be 
communicated. . 

The currents that ensue, in the ordinary way of heating water, may 
be rendered obvious by the following experiment:—Fill a cylindrical 
glass vessel, of the shape annexed, fig. 62, with water, and throw into it 


62 a few particles of bruised amber, or any other convenient . 
7 substance, nearly of the same specific gravity as the water, 
i coe "Tl so that, if possible, they may neither sink nor float in it; 
i | then apply a gentle heat to the centre of the bottom of the 
i ae i vessel, and it will be seen that currents immediately begin 
coe 


to ascend in the centre, or axis, and to descend towards the 
circumference of the vessel, in the direction shown by 
the darts, or in an inverted direction if the sedes of the 
tube are most heated. These currents soon become rapid, 
and continue till the water boils. It is, therefore, by 
changes in the specific gravity of the different portions of 
water, that we succeed in conveying heat throughout the 
mass. The heated portion becomes enlarged, and, therefore, 
specifically lighter than the adjacent cold portions through — 
which it ascends; whilst they, descending, come into the 
contact of the heated surface, and in their turn expand and 
rise. This goes on till the whole of the water has ac- 
quired its boiling temperature, and the currents then cease. ~ 
Such currents may be established, in properly-constructed 
vessels, to any extent, and heat thus communicated 
to water at a considerable distance from the boiler: a 
system lately adopted very advantageously in heating 
houses, conservatories, manufactories, and baths. The @ 
contrivances for these purposes are very various; but all, of - 
course, imply the necessity of an ascending and descending current. . The@ 
annexed (fig. 63) is a form of apparatus employed by Mr. Faraday for the — 
illustration of the direction and extent of these currents, and their appli- 
cation to the conveyance of heat from one place to another. is a large 
glass flask filled with water, into which the tubes B c are tightly fitted by 

a perforated cork and cement; these tubes are also filled with water, and — 
dip into the flask p, which is filled with water deeply tinged blue. with a 
indigo; the tube B dipping. only about half an inch below the surface, 


ey 
: 


eer 


fi 


tt 


==. 


eee 
——— =. 


a 


= 
= 


== 


SSeS aie 
; SSS 
a= mane 


re SF 


i 


 —s) > 
al ‘ 
oo , 
Py 
om 2 


whilst o descends nearly to the 

bottom of the blue liquor, and . 
should be very slightly curved 
upwards at its extremity. On 

applying the flame of a spirit 

lamp, as at 5, the blue liquid 

ascends by the tube B and 

circulates through a, the water 

from which descends through 

c into p, and thus a circula- 

tion of the fluid is kept up 

and the heat conveyed from 

one flask to the other. 

In Mr. Perkins’s apparatus 
for conveying heat through 
buildings by the circulation of 
water, an endless tube is em- 
ployed, the surface of which 
is occasionally increased by 
spiral or other turnings where 
the heat is to be given off or 
acquired: the annexed figure 
(64) may serve to illustrate this 
principle; it represents a very 
Strong iron tube of about one 
inch diameter completely filled 

- with water; the spiral a passes 
through a furnace where it is 
highly heated, and the water is 

consequently put into motion 
in the direction of the arrows ; 
the boiling of the water or 
formation of steam is pre- _ 
vented by the pressure, whence 
the necessity of the extreme 
perfection and strength of the 
tube. B represents a second 
coil which is supposed to be in 
an apartment where the heat 
is to be given out. c is a 
screw stopper by which the 
water may be occasionally re- 
plenished. By this form of 
apparatus the water may be 
heated .to 300° or 400°) or. 
even higher, so as occasionally 
to singe paper. A larger tube 
and lower temperature are, 
however, generally preferable. 
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§ 4.—Expansion or Arrirorst Boprns AnD Vapouns. 


We may now notice the effects of heat upon gases, air, and vapours, — 
These undergo much greater relative changes of bulk than the otherforms _ 
of matter, but they also present an important peculiarity. In other 
substances, each individual has its own degree of expansion and con- 
traction, whereas all pure aériform bodies expand and contract alike: so 
that, if we accurately determine the expansion and contraction of any one 
of them, in a given range of temperature, that knowledge applies to all 
the rest. It has been ascertained by Dalton and Gay Lussac that 1000 
measures of air, when heated from the freezing to the boiling point of 
water, suffer an increase in bulk equal to 375 parts; so that 1000 cubic 
feet of air, at 32°, become dilated to 1875 cubic feet at 212°. Air, there- 
fore, at the freezing point, expands zioth part of its bulk for every added 


degree of heat on Fahrenheit’s scale: that is, : 
480 cubic inches, at 32°, become - 
481 at 33°, | ie 
192 eho, at 34°, &e. a 


increasing one cubic inch for every degree. A conlraction of one cubic 
inch occurs for every degree below 32°: thus i 


480 cubic inches, at 32°, become = 
479 at Si% i 
478 — at 30°, &e. (GRAHAM.) 


Air, therefore, at 32° has its volume doubled at 480°, and tripled at 960°: 
the latter temperature is about that of a dull red heat. Steam, and all — 
other vapours, when heated out of contact of their respective fluids, are 
subject to laws of expansion similar to those of air. ‘The following table 
shows the changes of bulk suffered by 100,000 parts of air at all tempe- 
ratures between 32° and 212°. ; 


Temp. Bulk. | Temp. Bulk. Temp. Butk. Temp. Bulk. Temp. Bulk. 4 


32° 100000 49° 103536 65° 106864 81° 110192 97° 113520 498 
33 100208 50 103749 66 107072 82 110400 98 113728 : 
34 100416 51 103952 67 107280 83 110608 99 113936 | 
35 100624 52 104166 | 68 107488 84 110816 | 100 114144°] 
36 100833 53 104368 69 107696 85 111024 | 110 116224 | 
37. 101040 54 104576 70 107904 86 111232 | 120 118304 |) 

38 101248 55 104791 71 108112 87 111440 | 130 120384 | 
39 101459 56 104992 72 108320 88 111648 | 140 122464 | 
40 101665 57 105200 73 108528 89 111856 | 150 124544 i 
41 101872 58 105468 74 108736 90 (112064 | 160 126624 | 
42 102080 59 105616 75 108944 91 112272 | 170 128704 
43 102290 60 105824 76 109152 92 112480 | 180 130784 | 
44 102496 61 106032 77° 109360 93 112688 | 190 122864 | 
45 102708 62 106240 78 109568 94 112896 | 200 134944 | 
46 102916 63 106448 79 109776 95 113104 | 210 137024 | 
AY 108124 64 106656 80 109984 96 113312 | 212 137440 | 


The rate of expansion of atmospheric air at temperatures above 212° k. 
has been investigated by Dulong and Petit (Ann. de Chim. et Phys., vii. 
120). The following table exhibits the results of their observations. 
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The dilatation suffered by air, when heated, being very considerable, 
is, of course, attended by a proportionate diminution in the specific gra- 
vity or relative weight of the heated portion, which ascends through the 
colder mass, and excites currents and agitations in the general bulk of air. 
These currents generally escape observation, in consequence of the invisi- 
bility of air; but they may easily be rendered evident; and often excite 
attention by their violence, as when powerful draughts and wind are pro- 
duced. The smoke-jack is put into motion by the force of the current of 
air which passes up the chimney. | 

In consequence of the relative lightness of heated air, it always rises to 
the upper parts of rooms and buildings, when it either escapes, or, becoming 
cooled and relatively heavier, again descends. If, in cold weather, we sit 
under a skylight in a warm room, a current of cold air is felt descending 
upon the head, whilst warmer currents, rising from our bodies, and coming 
into contact with the cold glass, impart to it their excess of heat. Being thus 
contracted in bulk, and rendered specifically heavier, they, in their turn, 
descend, and thus a perpetual motion is kept up in the mass of air. This 
effect is attended with much inconvenience to those who inhabit the 
room, and is in great measure prevented by the use of double windows, 
_which prevent the rapid cooling and production of troublesome currents 
in the air of the apartment. 

We generally observe, when the door of a room is opened, that there 
are two distinct currents in the aperture, which may be rendered evident 
by holding in it the flame of a candle. At the upper part it is blown 
outwards, but inwards at the lower part; in the middle, scarcely any 
draught of air, one way or other, is perceptible. 

The art of ventilating rooms and buildings is, in a great measure, 
dependent upon the currents which we are enabled to produce in air by 
changes of temperature, and is a subject of considerable importance. As 
the heated air and effluvia of crowded rooms pass upwards, it is common 
to leave apertures in or near the ceiling for their escape. Were it not, 
indeed, for such contrivances, the upper parts of theatres and of some 
other buildings would scarcely he endurable; but a mere aperture, though 
‘it allows the foul air to escape, in consequence of its specific lightness, is 
also apt to admit a counter-current of denser and cold air, which pours 
down into the room. This effect is prevented by heating, in any con- 
venient way, the tube or flue through which the foul air escapes. A 
constantly ascending current is then established; and whenever cold air 
attempts to descend, the heat of the flue rarefies and drives it upwards. 
‘Thus the different ventilators may terminate in tubes connected with a 
chimney; or they-may unite into a common trunk, which may pass over 
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them, in consequence of the roof and chimney-pots being heated by the 
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a furnace purposely for heating it; or heated air may be sent, by a ae ; 
from below, into the space beareen the roof and ceiling of the room to be | 
ventilated, and it may have free escape by proper apertures. 

‘In some of our theatres, the gas-chandelier is made a very effectual = 
ventilator. It is suspended under a large funnel, which terminates ina 
cowl outside the roof; and the number of bites heat the air consider- — 
ably, and cause its very rapid and constant ascent through the funnel, 
connected with which there may be other apertures in the ceiling of the 
building. But in these and similar cases, we often observe that the 
vents are not sufficiently capacious; and the foul air from the house, and 
from the gas-burners themselves, not being able readily to escape, diffuses 
itself over the upper part of the building, and renders the galleries hot 
and suffocating, all which is easily prevented by the judicious adjust- 
ment of the size of the ventilating channels to the quantity of air which 
it is requisite should freely pass through them. The small tin ventilators, 
consisting of a rotating wheel, which we sometimes see in window-panes, 
are perfectly useless, though it is often imagined, in consequence of their _ 
apparent activity, that they must be very effectual; but the fact is, that 
a very trifling current of air suffices to put them in motion, and the aper-  ~ 
tures for its escape are so small as to produce no effectual change in thes 
air of the apartment: they are also as often in motion by the ingress as 
by the egress of air. 

From what has been said, it will be obvious that our common fires 
and chimneys are most powerful ventilators, though their good services 
in this respect are often overlooked. As soon as the fire is lighted, a 
rapid ascending current of air is established in the chimney, and conse- 
quently there must be a constant ingress of fresh air to supply this 
demand, which generally enters the room through the crevices of the 
doors and windows. When these are too tight, the chimney smokes, or 
the fire will not draw; and in such cases it is sometimes necessary to 
make a concealed aperture in some convenient part of the room for the 
requisite admission of air, or to submit to sitting with a window or door 
partly open. Any imperfect action of the chimney, or descending current, 
is announced by the escape of smoke into the room, and is frequently caused 
by the flue being too large, or not sufficiently perpendicular and regular 
in its construction. When there is no fire, the chimneys also generally 
act as ventilators; and in summer there is often a powerful current up_ 


& 


en 


sun, and thus accelerating the ascent of the air. In a well-constructed 
house, there should be sufficient apertures for the admission of the requi- — 
site quantity of air into the respective rooms, without having occasion to 
trust to its accidental ingress through every crack and crevice that will 
allow it to pass. These openings may either be concealed, or made orna- 
mental, and, by proper management, may be subservient to the admission _ 
of warm air in winter. A few spare flues should also be provided which — 
may be used either for the egress or ingress of air, independent of the i 
chimneys, as occasion may require. 

The manner in which heat is distributed through our apartments by b. 
the fires in common use will be noticed afterwards; but large rooms are — 
not uncommonly warmed by heated air, admitted usually through apertures fy | 
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in the floor. This system is convenient, effective, and agreeable, when 
properly managed, but this is seldom the case. ‘The rooms are close and 
oppressive, because due ventilation is not associated with the admission of 
the hot air; the apertures by which the air is admitted are generally too 
small, and the air itself overheated: the openings should be, according to 
circumstances, either large, or very numerous, and the quantity of air 
thrown in should be considerable, but its temperature moderate. In this 
way the bad smell produced by burnt particles of dust is avoided, and an 
agreeable freshness, as well as temperature, kept up in the air. 


§ 5.—Or THE Determination oF SpEcIFIC GRAVITIES. 


From the changes of bulk which bodies sustain when they change 
their temperature, it is obvious that their relative densities or specific 
gravities will be liable to proportionate changes; hence chemists are in the 
habit of referring these to the mean temperature of 55° or 60°, and as the 
bulk of aériform bodies is also subject to change by increased or 
diminished pressure, their densities are compared not only at mean tem- 
‘perature, but also at mean barometrical pressure. 

By the term specific gravity, we mean the ratio of weight to bulk; the 
object, therefore, of the processes for ascertaining it, is either to determine 
_ the weight of a known bulk, ox the bulk of a known weight; for whether 
the substances be reduced to the same weight, and then measured, or to 
the same bulk, and then weighed, the ratio of their weights to their bulks 
will be discovered. If reduced to the same bulk, and weighed, their 

specific gravities will be directly as the weights; if reduced to the same 
weight and measured, their specific gravities will be inversely as their 
bulks. Suppose a like bulk of each kind of matter in nature to be 
weighed, the results, numerically stated, would represent their specific 
gravities. But as this would be inconvenient, and often impossible, 
another method of reducing their bulks to a common measure is resorted 
to; and, in the case of solids and liquids, the specific gravity of pure 
water is assumed as the unit to which their specific gravities are com- 
pared. On dividing the weight, for instance, of any bulk of the metal 
zinc by the weight of a like bulk of water, the quotient is 7; this, there- 
fore, is said to be the specific gravity of zinc. Proceeding in the same way 
with silver, the quotient is 10°47; with gold, 19:3; with potassium, 0°86; 
with sulphuric acid, 1-85; with alcohol, 0°80: hence these numbers are 
considered as representing the specific gravities of those bodies; that is, 
they are their relative weights to water, all being of the same temperature. 
To obtain the specific gravity, therefore, of a body, we divide its weight 
by the weight of a quantity of pure water equal to it in bulk, and this we 
determine as follows:— . 

We use a delicate balance*, so contrived as to admit of substances 


* Balances fitted up for the purpose of | the lever is, of course, the most impor- 
ascertaining specific gravities are sold by | tant consideration in the construction of 
the philosophical instrument makers: in | the balance; but when there may be 
regard to their use, and the precautions | any reason to doubt this essential point, 
requisite in the various steps of the pro- | it is well to know that any error may be 


cess, see Farapay’s Manipulation, § II. | avoided by the method of double weighing. 


“Equality in the length of the arms of ' This consists in placing the object whose 
- . 


hate ete 
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being attached to one of the scales by means of a horse-hair or a fine — 
thread of silk. The absolute weight of the body thus suspended is then — 
very carefully ascertained: it is next immersed in distilled water, of the © 


temperature of 60°; and the beam being again brought to an equilibrium, 
_we learn the weight lost by its immersion; or, in other words, we ascer~ 
tain the weight of its bulk of pure water. We now divide the sum of its 
absolute weight by that of the weight which it lost in water, and the 


a 


quotient is its specific weight, or gravity, compared with water of the — 


temperature of 60°. 

“Suppose a substance, weighing 360 grains, to lose 60 by immersion in 
water, the specific gravity of that substance will be = 6; for 360 + 60=6. 

When the substance, whose specific gravity is to be ascertained, is 
lighter than water, it may be suspended with some heavier body, and, 
having determined the weight of the former in air, and of the latter in 
water, we fasten them together by means of a fine thread (not so closely 
as to exclude water from their contiguous surfaces, or to include air- 
bubbles), and weigh them in water, when it will be found that their 
aggregate weight will fall short of that of the heavier body. If we now 
subtract the weight of the lighter body from that of the heavier body, and , 
add the remainder to the weight of the former in air, we obtain the 
weight of a quantity of water equal in bulk to the lighter body; we then 
divide the weight of the lighter body in air by this last-mentioned sum, 
and the quotient is its specifie gravity. . ar 
“A piece of elm wood, having been varnished over to prevent its 

absorbing water, was found to weigh 920 grains in air; apiece of lead, 
chosen as the ballast, was ascertained to weigh 911-7 grains in water; 
the elm and lead were then tied together, and were found to weigh, in 
water, only 331-7 grains, being 580 grains less than the weight of the 
lead alone; therefore 580 were added to 920, that is, to the weight of the 
elm in air, which made up the sum of 1500; lastly, 920 were divided 
decimally by 1500, and the quotient, ‘6133, gave the specific gravity 
required.”—-Dr. Paris: Med. Chem. 9. 

‘When the substance, whose specific gravity is required, is soluble in 
water, some other fluid, of known specific gravity, must be used, which 


does not act upon it; alcohol, oil of turpentine, or olive oil, may, in most in- — 


stances, be used, or in some cases the substance may be coated with varnish. 


When the substance is in powder, it may generally be weighed in a speci- _ 


fic-gravity bottle. | 


For ascertaining the specific gravity of liquids, we usually employ — 


a thin phial, holding 1000 grains of distilled water, at the temperature of — 
60°. If filled with any other liquid, and weighed, we learn its specific | 


gravity; thus we should find that it would contain 13,500 grains of 


mercury; 1845 grainy of sulphuric acid; 1420 grains of nitric acid, &c., 


which numbers of cov rse represent the specific gravities of those liquids. — 


weight is to be ascertained. in one scale- | lanced. By this contrivance the un- — 
pan and exactly counterbalancing it in | known quantity of matter is eompared — 


the other, not with the weights, but with | with the known, under exaetly equal 


sand or shot, or any other indifferent | circumstances, and the result is indepen- — 
substance. ‘The substance is then re-| dent of almost every source of error — 


moved, and the weights applied in the | which can affect the comparison of one 
same pan till the counterpoise is ba-! object with another.”—DANIELL, § 32. - 


e 
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A bottle, however, holding 1000 grains, is often inconveniently large, 
and a eranih and thin globular phial, with a piece of thermometer-tube 
ground into it by way of stopper, will be found more useful: such a phial 
should not weigh more than from 50 to 60 grains, and may contain 
between 400 and 500 grains of water. To use it, it should be accurately 
counterbalanced in a delicate pair of scales, and then filled with distilled 
water, and the stopper thrust in, the capillary opening in which allows a 
little to ooze out, and prevents the likelihood of bursting the phial; it is 
then to be wiped clean and dry, and again carefully weighed, by which 
the quantity of water it contains is ascertained; the water being poured 
out, it is next filled with the liquid whose specific gravity is required, 
taking care that it is of the same temperature as the water; we then 
weigh as before, and divide the weight of the liquid by the former weight 
of water; the product gives the specific gravity required. Thus, ‘euypose 
the phial to contain 425 grains of water at the temperature of 60°, it will 
be found to hold 5737°5 grains of pure mercury of the same temperature; 
and 5737'°5 — 425 = 13°5, the specific gravity of mercury. Or, supposing 
the liquid lighter than water, such as alcohol, of which we may assume 
the phial to contain 350°5; then 350°5 + 425 = 0-824, the specific 
gravity of the alcohol under trial. 

We also, in determining the specific gravity of fluids, frequently 
employ the hydrometer; but it cannot be resorted to where great accuracy 
is required. Where, however, a number of specific gravities are to be 
quickly determined, as in respect to spirituous liquors for the purpose of 
levying duties, or in certain processes of the arts, these instruments, from 
the facility of ei application, become indispensable. 

The determination of the specific gravity of air, and of different gases, 
will be described under the article Aimospheric Air, as it involves several 
circumstances not yet adverted to. 


§ 6.—THERMOMETERS AND PyRoMETERS. 


Havina stated some of the general effects of contraction and expansion, 
we may now proceed to the examination of the thermometer—an instru- 
ment of considerable importance in researches connected with 
the subject of heat. 

The first instrument to which the term Pbeniaiclr (from 
Oeppos, heat, and jentpov, a measure) can properly be applied, 
was ayparently invented by the Florentine Academicians, 
about the middle of the seventeenth century. It consisted of 

_a glass tube, with a bulb or ball blown at one extremity, fig. _ 
65, and filled up to a certain mark, with spirit of wine; the 
expansion of which, or its rise above the mark, indicated heat, 
and its contraction, or fall below the mark, cold. ‘They after- 
wards placed a number of little equidistant studs of white 
enamel on the tube, rendering the expansions and contractions 
of the confined liquid more evident; and by these they some- 
times divided it into a hundred parts or degrees. Such instru- 
ments were first introduced into England by Boyle. Fora 

long time, no one would believe that a liquid could contract and expand 
in a tube closed at both ends; but Boyle soon satisfied himself of the 
te L 2 
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fact by experiment, and by the inspection of the Florentine glasses, for k: 
so these instruments were then called. About the beginning of the 


eighteenth century, a considerable improvement was made in this original 
thermometer, by Fahrenheit, of Amsterdam, who, by the use of mercury _ 


instead of alcohol, was enabled greatly to diminish the size of the tube 


and bulb, and to measure comparatively high degrees of temperature. 
But all these instruments laboured under the serious defect of entire 


want of agreement with each other: the division of the.tube was foundéd 


on no fixed principle, but was arbitrary, and differently constructed, and 


applied in every thermometer. It required no common ingenuity: to 


overcome this difficulty, and to construct instruments which should agree 


with each other when exposed to the same temperature. This, however, ; 
was at length effected by a suggestion of Sir Isaac Newton, founded upon 

a discovery of Dr. Hooke, who observed, that when a thermometer: tube, — 
properly filled with mercury, was plunged into melting ice or snow, the 


liquid metal always contracted, or fell to a certain point, at which it 


remained perfectly stationary till all the ice was melted. If we nowmark 
this point upon the tube, it will be found that, whenever it is subjected 
to the same experiment, the quicksilver falls. exactly to the same level or 


point, and hence this point may be called the melting-point of ice; and it © 


r 


has since ‘been ascertained that this is also précisely the point at which — 
water, under ordinary circumstances, freezes, so that it is also called the © 
Sreezing-point of water. Here, then, a part at least of the difficulty above - 


adverted to is removed, and one fixed point for thermometric graduation 


ascertained. 


Dr. Hooke afterwards made a similar diene y in regard to boiling 


water, which, under ordinary circumstances, he found always exhibited 


one and the same degree of heat. If, therefore, we now plunge the ther-— 
mometer, upon which the freezing-point of water has already been marked, — 


into an open vessel of water placed upon the fire or over a lamp, we shall 
observe the mercury continue to rise in the tube until the water boils, 
when it becomes quite stationary, and the point may be marked as before. 


Now it will be found, that whenever this thermometer is put into boiling ~ 
water, the mercury will rise to the same height *. Here, then, we havea — 
second determinate point, namely, the boiling-point of water; and it is 


now obvious, that if we divide the space of the tube between these two 


fixed points into any given number of degrees, the mercury will indicate ~ 
the same degree in all bodies of one and the same temperature ; and that — 
any number of thermometers, carefully constructed upon this principle, — 


will agree with each other in hare indications of temperature. 
The space between the boiling and freezing of water has often been 
divided into one hundred equal parts—the freezing point being marked 0°, 


and the boiling-point 100°. This is commonly called the centigraile 


scale; it originated with Celsius in Sweden, and is used in France and 
many other parts of Europe. Reaumur’s scale calls the freezing-point 0°, 


” 


~* 


and the boiling-point 80°, and is employed in most parts of Germany 


* Some circumstances affect the boil- which the experiment is made. We pre- | 
ing-point, such as the state of the baro- | sume above that the barometer stands s 


meter or of the pressure of the atmo- | at thirty inches, and that the vessel is 
sphere, and the nature of the vessel in | of thin metal. 


] 


ay 
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and Italy. In this country we generally refer to Fahrenheit’s scale, 
which sets out at the temperature produced by mixing snow with salt, 
‘which is 32° below the freezing of water; and the space between that and 
the boiling-point being divided into 180°, the latter is called 212°. In all 


these scales, the graduation is continued below 0° 


in the same way as 


aboveit. These are called degrees below 0°, and are generally distinguished 
__ by prefixing the mark (—) minus before them: thus—10° means ten 
_ degrees below 0°; sometimes the mark (+) plus is prefixed to the degrees 


above zero, as+10°, or ten degrees above 0°. 
Each degree of Fahrenheit’s scale is equal to + 
of a degree on Reaumur’s: if, therefore, the number 
_ of degrees of Fahrenheit’s scale, above or below the 
freezing of water, be multiplied by 4, and divided 
by 9, the quotient will be the corresponding degree 
of Reaumur. 
Fahrenheit. Reaumur. 
68° — 32° = 36x 4=144+9 = 16° 
~~ 212° — 32° = 180 x 4 = 720 + 9 = 80° 
To reduce the degrees of Reaumur to those of Fahren- 
heit, they are to be multiplied by 9, and divided by 4. 
Reaumur. ; Fahrenheit. 
16> X9=144+4= 36° + 32°= 68 
80° x 9 = 720 + 4 = 180° + 32° = 212 
Every degree of Fahrenheit is equal to 5 of a degree 
on the Centigrade scale; the reduction, therefore, is 
as follows:— , 


_ Fahrenheit. Centigrade. 
212 — 32 = 180 x 5 = 900 + 9 = 100° 
Centigrade. Fahrenheit. 


100 KX 9 = 900 + 5 = 180 ++ 32 = 212° 
The annexed scale, including De Lisle’s thermo- 
meter, which is sometimes used in Russia, and in 
_which the boiling point is marked 0°, and the freezing 
150°; and the following table of Fahrenheit’s degrees 
compared with those of the Centigrade and Reaumur’s 
scale, will save the trouble of their calculation. 


TABLE OF THE CORRESPONDING DEGREES ON THE 
SCALES OF FAHRENHEIT, REAUMUR, AND CELSIUS, 
OR CENTIGRADE. (From Warrington’s Tables.) 


| Fahr. | Reau.| Cent. || Fahr.| Reau.| Cent. || Fahr. Reau. | Cent. 


212 80 100 149 52 65 50 (lla 
203 | 76 95 140 | 48 60 Al 4 5 
194 42 90 131 44 | 55 32 0 

185 | 68 85 122 | 40 50 ee all Ee ga 2 


86 | 24 | 30 ||~-13 | —20 | ~25 
77 | 20 | 25 ||-92 |~924 | —30 
68 | 16 20 ||-31 |—28 | =35 
59 | 12 | 15 ||-40 | —~392 | —40 


Fahrenheit. 
Centigrade, 
| De Lisle. 


{ 


| Reaumur. 


a 
| 


176 | 64 | 80 .|| 113.| 36 | 45 14:\—. 8) — 10 O- 50} 
167 | 60 | 75 || 104 | 32 | 40 & |—12 |—15 rss 
158 | 56 | 70 95°} 28 | 35 |l— 4 |~16 | —920 460 
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It is very niuch to be regretted that, for want of a little exertion and 


unanimity amongst the philosophers of Europe, these discrepant thermo- 
metric scales are so inconveniently retained: the Centigrade scale is 
perhaps that which it would be most convenient generally to adopt. To 
ayoid the inconvenience of the magnitude of its degrees, and the conse- 


quent necessity of frequent reference to their fractional parts, a scale has 


been proposed, the extremes of which are the freezing and boiling points 
of mercury, the former to be 0°, the latter 1000°. The entire “novelty 
of such a scale is its principal objection. 

For all common purposes ordinary thermometers are sufficiently accu- 
rate; but the experimental laboratory should be furnished with a standard 


thermometer, very carefully constructed, and with a scale exhibiting the ~ 


divisions of Reaumur and Fahrenheit, and the Centigrade. Such an 
instrument of reference is useful to determine the quality of common 
thermometers, no two of which will be found precisely to agree at the 
different points of the scale. It sometimes happens that a thermometer 
originally correct will after a time be found to err slightly in excess in 
its indications of temperature, an effect probably arising from the con- 
tinued pressure of the atmosphere upon the bulb, by which its bulk is 


permanently diminished: this may, however, be prevented by giving © 


the bulb a certain degree of thickness, although the sensibility of the 
instrument to sudden changes of temperature is by this somewhat im- 
paired. 

There are numerous and useful varieties in the forms of thermo- 
meters, which need not be here enumerated in detail. Among them the 
self-registering thermometers are valuable, as showing the maximum and 


minimum of temperature during the absence of the observer. Many of — 


these instruments which have been suggested, are too complicated or too 


expensive to be generally useful; but there are two of them which are — 


sufficiently simple, and in common use, namely, Six’s thermometer (Phil. 


L'rans., vol. Lxxii.) ; and that contrived by Dr. John Rutherford ia ie 


Phil. Trans. vol. iil.). 
That the degrees of the thermometer actually represent equal degra 


or increments of heat, is shown by a simple experiment originally sug- 


gested by Dr. Brook Taylor., It consisted in mixing together, with due 


precaution, equal parts of hot and cold water; and it was found that the | 


thermometer, applied to such a mixture, indicated the arithmetical mean 
between the extremes. Thus, if we mix a pound of water at the tem- 
perature of 200° with a pound at the temperature of 100°, an accurate 
thermometer will show in the mixture the mean temperature of 150°. 
Pyrometrers.—The indications of the mercurial thermometer are 
obviously limited within the freezing and boiling points of mercury. It 


congeals at —39°, and boils at + 662°; and on the moment of its con- 
gelation it shrinks so remarkably, as to have led early experimentalists _ 
into considerable errors as to the actual cold required for the purpose. a 


When it boils, its vapour, of course, bursts the tube. Although, therefore, — 


the range of temperature which. may be accurately measured by the ex- 


to measure degrees of cold below its freezing-point, and of heat above its — 
| aa eal Pure spirit of wine, or alcohol, has never been frozen, 


& 
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pansion and contraction of mercury is very extensive, it is often requisite — $ 


i 
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and it is consequently used in those thermometers which are intended to 
indicate excessive degrees of cold; but no fluid has yet been found 
applicable to the construction of a thermometer capable of indicating 
higher temperatures than mercury. When, therefore, a degree of heat 
approaching to, or exceeding dull redness, is to be measured, other 
methods and substances must be resorted to: instruments constructed for 
this purpose are called pyrometers, from mvp, fire, and wetpov, a measure, 

Of these instruments, that suggested by Mr. Daniell seems the least 
exceptionable, and is not liable to those sources of fallacy which render 
the results obtained by Wedgwood's clay pyrometer so uncertain and 
equivocal*. The following is Mr. Daniell’s description of his Register 
pyrometer. (Introd. to Chem. Phil., § 146.) 

“Tt consists of two parts, which may be distinguished as the 
register and the scale. The register is a solid bar of black-lead earthen- 
ware, highly baked. In this a hole is drilled, into which a bar of any 
metal, six inches long, may be dropped, and which will then rest upon 
its solid end. A cylindrical piece of porcelain, called the index, is then 
placed upon the top of the bar, and confined in its place by a ring or 
strap of platinum passing round the top of the register, which is partly 
cut away at the top, and tightened by a wedge of porcelain. When such 
an arrangement is exposed to a high temperature, it is obvious that the 
expansion of the metallic bar will force the index forward to the amount 
of the excess of its expansion over that of the black-lead, and that, when 
again cooled, it will be left at the point of greatest elongation. What is 
now required, is the measurement of the distance which the index has 
been thrust forward from its first position; and this, though in any cage 
but smail, may be effected with great precision by means of the scale. 

“This is independent of the register, and consists of two rules of brass, 
accurately joined together at a right angle by their edges, and fitting 
square upon two sides of the black-lead bar. At one end of this double 
rule a small plate of brass projects at a right angle, which may be brought 
down upon the shoulder of the register, formed by the notch cut away for 
the reception of the index. A moveable arm is attached upon this frame, 
turning at its fixed extremity upon a centre, and at its other, carrying an 
arc of a circle, whose radius is exactly five inches, accurately divided 
into degrees and thirds of a degree. Upon this arm, at the centre of the 
circle, another lighter arm is made to turn, one end of*which carries a 
nonius with it, which moves upon the face of the arc, and subdivides the 
former graduation into minutes of a degree; the other end crosses the 
centre, and terminates in an obtuse steel point, turned inwards at a right 
angle. . 

“When an observation is to be made, a bar of platinum, or malleable 
iron, is placed in the cavity of the register, the index is to be pressed 
down upon it, and firmly fixed in its place by the platinum strap and 
porcelain wedge. The scale is then to be applied by carefully adjusting 
the brass rule to the sides of the register, and fixing it by pressing the 
cross piece upon the shoulder, and placing the moveable arm, so that the 
steel point of the radius may drop into a small cavity made for its 
_* This pyronieter may now be con- | the Philosophical Transactions, vols. LXXii. 
sidered as obsolete. I: is described in | uxxiv, Lxxvi. . 
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reception, and coinciding with the axis of the metallic bar. The minute! 
of the degree must then be noted, which the nonius indicates upon the 
arc. A similar observation must be made after the register has been 
exposed to the increased temperature which it is designed to measure, 
and again cooled, and it will be found that the nonius has been moved — 
forward a certain number of degrees or minutes. The scale of the 
pyrometer is readily connected with that of the thermometer by immers- 
ing the register in boiling mercury, whose temperature is as constant as 
that of boiling water, and has been accurately determined by the ther- 
mometer. The amount of expansion for a known number of degrees is 
thus determined, and the value ofall other expansions may be considered 

as proportional. 

“The melting point of cast iron has been fie ascertained to be 2786°, 
and the highest temperature of a good wind furnace about 3300°; 
points which were estimated by Mr. Wedgwood at 20577° and 329779 
respectively. 
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“Fig. 66 represents the register; A is the bar of black-lead; aa’ the 
cavity fie the reception of the metal bar; cc’ is the index, or cyhnd 2. 
piece of porcelain ; d the platinum band, with its wedge, ¢ e. 


“ Fig. 67 is the scale by which the expansion is measured; ff” is. : 
the greater rule upon which the smaller, g, is fixed square. The projecting — 
arm, h, is also fitted square to the ledge, under the platinum band, d. 

p is the arm which carries the graduated arc of the circle fixed t to the | 
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rule, ff’, and moveable upon the centre, 7. c is the lighter bar, fixed to 
- the first, and moving upon the centre, ’. / is a small lens, folded back upon 
the arm, by which, when erected, the divisions may be accurately read off. 
His the nonius at one of its extremities, and m the steel point at the other.” 
Atr-THERMOMETERS.—Sometimes the expansions and contractions of 
air, which, as already stated, are 
relatively great for small changes of 
temperature, are resorted to in 
delicate experiments, in which slight 
variations of heat require to be 
indicated. The simplest form of 
the air-thermometer consists of a 
tube with a thin bulb at its upper 
end, and dipping at the lower and 
open extremity into a little coloured 
fluid, fig. 68; some-of the air is 
then expelled by the heat of the 
hand, so that, as the bulb cools, the 
liquid may rise to about half way 
up the tube. This instrument is 
very sensible to slight changes of 
temperature: heat expands the air 
in the bulb, and drives the fluid 
downwards; and cold, by contract- 
ing the air, causes the fluid to rise. 
This was one of the first forms of the thermometer that was invented, 
and is only inconvenient from its extreme delicacy, and the great length 
of tube required to measure any considerable range of heat and cold. 
Another and much more useful form of air-thermometer is represented 
in the wood-cut, fig. 69: it has sometimes been called the differential 
thermometer. It consists of two 
bulbs, @ and 6, containing air, 
united by a tube twice bent at 
right angles, in which there is a 
little coloured sulphuric acid: the 
tube is supported upon a wooden 
foot or stand. When a hot body is 
brought near one of the bulbs, it 
expands the air within it, and drives 
the fluid towards the other; from 6, 
for instance, to a. One of the chief 
advantages of this air-thermometer 
is, that it is not affected by any 
general changes in the temperature 
of the surrounding air, because they 
act equally on both bulbs, and 
occasion no motion of the included 
column of liquid; but when one of the bulbs is exposed to any source of 
heat which does not affect the other, the difference of temperature 
between the two bulbs is immediately and very sensibly indicated by the 
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recession of the fluid from the heated towards the cold bulb. The a | 
advantages of this instrument will be more evident when some of its 


practical applications are afterwards pointed out*. 


The following table from Professor Grauam’s Elements of Chenaie - 
iry will give an idea of the range of temperature within which certain 
points have been accurately determined: the degrees are those of Fahren= 


heit’s scale. 


Greatest artificial cold produced Ice melis.. .' . + 32° 
by Thilorier . . . — 135° | Medium teripérature of the | 
Solid compound of alcohol and surface of the globe . . .+— 50° 
carbonic acid fuses. . . — 131 | Medium temperature of Eng- fs 
Greatest artificial cold pr oduced land. . 4 ~+ 52. 
by Walker... ..{s — 91 | Heat of human blood | -+ 98 
Temperature of planetary space Pyroligneous spirit boils + 150 
(Fourier) . . — 58 | Alcohol boils : ~+- 174 
Greatest natural cold observed Water boils . . . os oe 212: 
by Ross . .. 6 -. . « — 60 | Tinmelta:, i..06 + 6s » 4 ae 
Ditto by Parry . . . . — 55 | Lead melts . + 594 
Sulphuric ether congeals ... — 47 | Mercury boils . . er 662° 
Mercury freezes . » . . . — 39 Red Heat . . . (Daniell) . 980 
Proof spirit freezes. . — 7 | Heat of common fire (do.) . + 1140. 
Mixture of 1 part of alcohol and Brass melts... « (do.) .- 1869: 


3 of water freezes . . . . + 7 | Silver melts . . . (do.) «+ 2233. 
Strong wine freezes . . - « + 20 | Ironmelts. . . . (do) -.+4 3479 


§ 6.—Conpvuction or Hrart. 


We have already seen (page 140) how easily heat is diffused through 
liquids by change of density, and that its propagation through aériform 
bodies is often dependent upon a similar mode of transfer (p. 142), 
When heat traverses solid bodies its passage is altogether of a different 
character; it suffers great retardation, and is said to be conducted. 


It has been observed by Sir J. Herschel (Discourse on the Study of } 


Natural Philosophy, p. 206), that as the particles of the most solid bodies 
are not absolutely in contact, conduction, when properly considered, is 
merely a case of radiation, and “that if we would rightly understand 
what is the process of nature in this slow communication of heat through 


the substance of a solid, we must ground our inquiries upon what takes 


place at a distance, and then urge the laws to which we have arrived up 
to their extreme case.” This mutual dependence of the laws of condue- 
tion and radiation will be again adverted to when considering the latter 
mode of the propagation of heat. We are, however, too little acquainted 
with the minute corpuscular structure of bodies, to know what goes on 
between particle and particle, in apparent contact; and the bad radiating, 
yet good conducting power of the metals, apparently shows that thee 
are distinct modes of the propagation of heat. 

Conpuction By Sorrps.—A rod or bar of metal is well calculated to 
illustrate this conduction of heat: if one end of it be held in the candle, 


and the other in the hand, the heat gradually and progressively makes 
its way from one end to the other; if the hand be near the source of — 


heat, or the bar short, it soon becomes too hot to hold. This slow pro- 


* There is a useful treatise on the | and pyrometers in the Library of Useful i 


various constructions of thermometers | Knowledge. Natural Philos., vol. ii. 
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egress of heat along the bar is well shown by attaching several bullets or 


wooden balls to the side of a square bar of metal 18 or 20 inches long, 
at intervals of about two inches 


0 
apart, by a little wax, and then | aad pes 
heating one end of the bar overa. “O30 UF OO ei 

lamp: (fig.70.)the balls successively ah 


drop off as the heat finds its way | 

along the bar. If we employ bars of different metals, it will be found that 
some conduct heat better than others: thus, if two similar wires, one of 
platinum and one of silver, be heated at one end, the 
heat will pervade the silver much more rapidly than 
the platinum; and if cones of several metals, like the 
one represented in fig. 71, be respectively tipped with " 
a small piece of wax, and placed upon a heated plate of metal, the wax 

will melt at different periods upon the different cones, thus showing their 

different conducting powers. 

_ Gold, silver, copper, and tin, are the best conductors, and nearly 
equal; iron, platinum, and lead, are much inferior. (IneENnousz, Jour: 
de Phys., 1789, p. 68; Desprez, Ann. de Ch. et Ph., vol. xxxvi., p. 422.) 
It does not appear, therefore, that the conducting power corresponds 
either with the density, the tenacity, or the fusibility of the metals. In 
these cases of conduction the following law is observed: if the extremity 
of a metallic bar be placed in communication with a constant source of 
heat, and we wait till it has taken up a permanent state of temperature, 
we shall find that for distances from the source, taken in arithmetical 
progression, the excess of temperature above the surrounding medium 
will form a geometrical progression. 

. Next toe metals, the diamond, the topaz, and some earthy compounds, 
appear to have the greatest conducting power: then stony bodies, porce- 
lain and glass, and porous earthy compounds, such as earthenware and 
bricks. Wood is a very bad conductor of heat; so is charcoal; and these 
may be held, without burning the fingers, very near the red-hot part. 

The following table from the experiments of Despretz, (Ann. de Ch: 


et Ph. xxxvi., p. 422), represents the conducting powers of several sub- 
stances compared with gold. 


bs ha pveo jrlatiiom . . sell Tin... . 2. 304 | Porcelain... 12 
pilver’ 2 34. 978 | irony. 2 874 Lead 2 bs 180 | Fine clay ... 11 
Copper.... 898| Zinc .....363] Marble .... 24 


From the experiments of Mayer, of Erlangen, (Ann. de Ch., xxx.,) 
it would appear that the conducting powers of different woods is in some 
measure inversely as their specific gravities, as shown by the following 
table, but water is not avery intelligible standard of reference. 

Reels Conducting Specific 


Conducting Specific 
tn ae Power. Gray. Power. Gray. 
Vater =. es tm cd oe L000 Oak... a So 896 6 4 O68 
Ebony.wood . + ol. 4. 5 | 1054 Pear tree... . 322 ,.. 0°603 
Apple tree ~ pene af at we eG Le Ie, 5°, oe a 341 ,. . 0608 
eee ee Oe Fs 2 ews: | ilver Ge Pee ewig hh Sg ae 
BPMN aiiisss oe BEL 3) yO E8O" Alder? & - « . B84. | 0°484 - 
- Hornbeam . . 323 . . 0-690 | Scotchfr. . . 386. . 0°408 
_ Plum tree, 4. s 32° . . 0-687 | Norwayspruce . 389 , , 0-447 
Bees et. O25. bed Lime ae OO 


- 0°408 


ee £ 
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Porous substances used in clothing, and the natural coverings of most _ 
animals, are also bad conductors of heat; but in these and similar cases 
interstitial air cannot be excluded, and consequently their true conducting — 
power is not accurately determinable. Count Rumford found that when — 
a heated thermometer, surrounded by about an inch in thickness of 
confined air, took 576 seconds to cool 135°, it took 1032 seconds to cool 
to the same point when 16 grains of lint were diffused through the con- 
fined air, and 1305 seconds when the same weight of eiderdown was 
used; so that the conducting power being inversely as the times, if the 
power of air be = 1000, that of the lint will be = 558, and of the 
eiderdown = 441.. The conducting power of these substances is further 
diminished by the closeness with which their particles are compressed, 
provided, that is, their texture is not too closely compacted: thus, when 
the same space, which in the above experiment was occupied by 16 grains 
of eiderdown, was filled first with 32 grains, and then with 64, the times 
employed in the escape of the heat from the enveloped thermometer 
were successively increased from 1305 seconds to 1472 and 1615 
seconds. 

» To show the influence of mere texture upon conducting power, similar 
trials were made with raw silk, ravelings of white taffeta, and of common 
sewing silk; of which the first has the finest fibre, the second less fine, 
and the third, from being twisted and harder, is much coarser. The 
difference between these three modifications of the same substance was 
very striking; the raw silk detaining the heat for 1284 seconds, ‘the 
taffeta ravelings 1169 seconds, and the silk thread only 917 seconds. 
Phil. Trans., 1792. i 

The application of these facts to the retention of the natural heat of — 
the body by different kinds of clothing, is sufficiently obvious; and it is 
evident that, as far as mere conducting power of animal and vegetable 
substances is concerned, the worst conductors are those in which the 
fibres are finest and least condensed. There are, however, other circum- 
stances which interfere in these applications, and which will be more 
intelligible when the subject of radiation of heat is under consideration. _ 

Conpuction By Liquips.—Liquids are very imperfect conductors of 
heat, and have frequently been regarded as absolute non-conductors; the 
same remark applies to gaseous or aériform bodies. _ It has already been - 
shown (page 140), that in the usual mode of heating liquids, the heat is ; 
applied to the bottom of the vessel containing them, and is diffused over 
the whole mass in consequence of successive changes of density in the 
heated portion; the warm currents which are thus established ascend, — 
and the cold ones descend, and this motion is kept up till the water boils. 
If, however, we apply heat to the surface of the water, the heat can only 
be propagated downwards by its conducting power; for the heated por- 
tion, being lighter than the colder water beneath, floats upon its surface, _ 
and no interchange of strata, analogous to that previously described, can 
possibly ensue. It may thus be shown that it is almost impossible to 
transmit heat through water or other fluid by its mere conducting power. 
The following, among other experiments, may be selected in illustration: 
—Let a, fig. 72, represent a cylindrical vessel of water with an included 
air-thermometer, the bulb of which very nearly reaches the surface: 
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6 is a small copper basin floating upon the sur- 
face, the bottom of which is only separated from 
the bulb of the air-thermometer by a very thin 
stratum of water: if some inflamed ether or 
alcohol, or a little glowing charcoal, be now put 
into the basin, the surface of the water may be 
heated to its boiling-point, and yet scarcely any 
elevation of temperature will be indicated by 
the neighbouring thermometer; and it will be 
impossible to transmit the heat from the surface 
downwards. In this way of making the experi- 
ment, it is obvious that some heat may be con- 
_ veyed by the sides of the vessel; but as glass is 
a bad conductor, this source of error is com- 
paratively small, and only produces an effect 
when the heat on the surface is long continued. 
The following is a mode of illustrating the 
bad conducting power 
of another liquid— 
namely oz. a, fig. 73, 
represents a thin glass 
tube about two feet in 
length, closed at one 
end, and open at the 
other: pour into it a 
couple of inches of 
; water, and freeze it by 
immersion ina mix- 
ture of salt and ice; 
then upon the lump of ice at the bottom, }, pour EB 
eight or ten inches of oil, c, and upon the oil, two 
or three inches of spirit of wine, d. If the 
portion of the tube containing the spirit be now 
carefully held over the chimney of a lamp, the 
spirit may be boiled, and even entirely evapo- 
rated, whilst the oil will be little heated, and 
the ice not thawed. 

A good class-experiment upon this subject, 
where it is necessary that effects should be seen 
at a distance, may be arranged as follows:—Let 
(fig. 74) represent an inverted air-jar, which may 
be supported upon a ring-stand, filled up to the 
line B with cold water. xis a long-tubed air 
thermometer, fitted water-tight into the neck 
of the jar, the coloured liquid in which stands 
at about the level n, the bulb being surrounded 
by the cold water. A disc of thin cork nearly 
fitting a is then floated upon the water, and 
some hot water tinged blue or red is carefully 
poured up to the level, o, the cork dise (pre- 
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venting its mixture with the cold water beneath) may then be removed, 
and the hot coloured water remains floating upon the cold colourless water, 
and no effect is produced upon the thermometer. The syphon, p, is now 
carefully introduced, and the cold water gradually drawn off, so as to allow 

the hot coloured stratum to descend within a line of the bulb, but it still 
produces no effect till the hot water touches, and afterwards surrounds, the 
air-thermometer, when the liquid in its tube immediately descends from E 
into the cup. 

These, and a number of similar facts and experiments, show that 
water, and other liquids, are very imperfect conductors of heat; and that 
fluids acquire and lose heat principally by the currents which have been 
described (pp. 140,141), and which always take place in them when 
partially heated or cooled; the warmer parts ascending, and the colder 
descending. Whatever impedes these motions will proportionately inter- 
fere with the heating and cooling of the fluid. Hence viseid liquids, or 
those containing substances that mechanically thicken them, are more 
tardy in their reception and emission of heat than pure water: of this, 
thick soups afford a familiar example; they are a long time cooling. 

The inference which has sometimes been drawn, that the state of 
liquidity prevents conduction, or.the transfer of heat from particle to par- 
ticle, is negatived, in regard to mercury at least, by substituting that 
metal for the cold water, in the apparatus, fig.’ 74; upon pouring hot water 
upon its surface, the shersaersaice is presently affected even through a 
considerable stratum of the fluid metal. 

Conpuction By Gasus.—The experiments which have — made te i 
determine the conducting powers of gaseous bodies are not very satisfactory 
in their results: and it has as yet scarcely been ascertained whether azr 
is, or is not, properly speaking, a conductor of heat. A striking illustra- 
tion of the non-conducting power of steam is afforded by carefully dropping 
a little water into a silver spoon or platinum crucible, heated nearly to _ 
redness; the water lies quietly upon the metal so long as it is prevented _ 
coming into perfect contact with it by the interposed layer of steam ; but 
as soon as the crucible cools down, so as to admit the water to touch it, it — 
instantly boils off. This explanation is however disallowed by M. Laurent. 
Ann. de C. et P., uxii. 327, 

When ia heated body is suspended in the atmosphere, and freely _ 
exposed on all sides to air, it gradually parts with its excess of heat, so 
as to attain the temperature of the surrounding substances; but this 
cooling effect is produced by a variety of causes, independent of any 
real conducting power of the air. We have already alluded to the 
extreme facility with which currents are formed in air when heated 
substances are exposed to it: the warm air ascends, and a continual 
current is produced, which glides over the surface of the heated matter; 
thus, much heat is conveyed away by the establishment of currents, in — 
_ consequence of change of density in the air. But heated bodies 
exposed to air also part with excess of temperature by radiation, a process 
continually going on from their surfaces, and which will pr esently require 
our minute attention, Upon the Whole; it appears that azr is a very 
imperfect conductor of heat. 

REMARKS ON THE RELATIVE Conpuctine Powers or Bopies.—It would _ 
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appear, from what has been stated, that those bodies which are the best 
conductors of heat, have the weakest attraction for it, and that bad 
conductors ‘have the strongest attraction: the former, therefore, part 
with their heat more readily than the latter. Metals, which are excellent 
conductors, are easily heated, and as easily give out their heat. It is 
painful to touch metal heated to about 120°. Water scalds at 150°; 
but air may be heated to 250°, or even 300°, without being painful to . 
our organs of sensation. Sir I’. Chantrey has a large stove, or oven, for 
drying the moulds employed in his bronze castings; a thermometer 
suspended in it generally stands at about 300°: the workmen enter and 
remain in it for some minutes without much inconvenience; and a person 
wholly unused to such high heats may walk into and out of it with 
impunity, though, to such, any attempt to remain generally occasions 
difficult breathing, and a painful sensation about the eyes, but the skin 
remains parched and dry. In subjecting ourselves to atmospheres thus 
highly heated, it is necessary carefully to avoid the contact of any good 
conductor of heat: if we touch a piece of metal, it would inevitably 
burn us; and a person once inadvertently entered with ‘his spectacles on; 


_ which, being mounted in silver, presently burned the points of contact 


with his face. 

The relative conducting powers of metal and wood are familiarly 
illustrated in the application of wooden handles to metallic vessels 
intended to contain hot liquids; or, sometimes, where the handle is 
required to be of metal, a thin piece of wood or ivory is interposed 
between it and the body of the vessel, by which all rapid communication 
of heat is effectually cut off. 

We avail ourselves of the bad conducting power of brick and 
stone, in the construction of furnaces intended to retain their interior 
heat; but where the object is to communicate heat to the surrounding 
air, and not to retain it in the body of the furnace, they are made of cast 
or wrought iron, and the lining of brickwork is dispensed with, so that 
the heat may readily find its way outward. 

A remarkable instance of the bad conducting powers of the earthy 
bodies constituting voleanic ashes is cited by Mr. Lyell, (Principles of 
Geology,) in the preservation of a glacier near the summit of Etna, in 
consequence of its having been covered by volcanic dust, over which a 
a current of lava afterwards flowed. THe supposes that at the commence- 
ment of the eruption a deep mass of drift snow had been covered by yol- 
canic sand showered down upon it before the descent of the lava. “A 
dense stratum of this fine dust,” he says, “mixed with scorie is well 
known to be an extremely bad conductor of heat, and the shepherds in 
the higher regions of Etna are accustomed to provide water for their 
flocks during summer, by strewing a layer of volcanic sand a few inches 
thick over the snow, which effectually prevents the heat of the sun from 
penetrating. Suppose the mass of snow to have been preserved from 
liquifaction until the lower part of the lava had consolidated, we may 
then readily conceive that a glacier thus protected, at the height of 10,000 
feet above the level of the sea, would endure as long as the snows of 
Mont Blanc, unless melted by voleanic heat from below.” . 

Charcoal is among the very worst conductors of heat; and there is a 
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well-known experiment which illustrates this, consisting in placing a 


tea-kettle of boiling water just taken from the fire, upon the palm of the 


hand: it is, of course, essential to its success that the bottom of the 


kettle should be well covered with soot, which is a porous form of charcoal, 


and effectually prevents the transmission of heat from the water within — 


to the hand. So also when the palm of the hand is covered by a layer of 
dry sand, or of fine asbestos, a red-hot iron ball may be placed upon it 
with impunity. 

The comparative conducting power of wood and metal is also well 


illustrated by the following experiment: take a smooth round bar of 


brass, or other metal, about an inch in diameter, and ten or twelve in 
length, and stretch a strip of writing-paper tightly over a part of it, to 


which apply the flame of a candle or spirit lamp, and it will be found - 


impossible to burn or even singe the paper; for the heat passes through 
it to the metal, and is conducted away so rapidly, that its accumulation, 
or the temperature required to burn the paper, cannot be attained. If we 


now substitute a wooden bar of the same dimensions as the metallic. 


one, stretch the paper over it, and hold it in the flame, the paper will 


presently singe and char, and the wood beneath will be inflamed, in~ 


consequence of its bad conducting power, which prevents the diffusion of 
the heat, and concentrates its effects upon the spot to which the flame is 
applied. 

A stratum of confined air is an extremely bad conductor of heat: 


hence the advantage, in some instances, of double walls to furnaces, air 


being confined between them; and to icehouses, to exclude external heat; 


and of double windows to our apartments, to prevent the transmission of 


heat, and ingress of cold. 
We have shown, that in air, the power of communicating heat is very 
feeble; its actual power of abstracting heat is also proportionably small : 


in the high northern latitudes, provided the air is tranquil, and there is - 
no wind, a degree of cold may be sustained without injury, in which ~ 


mercury freezes; but if, in this state of the atmosphere, metallic sub- 
stances be touched, of the same low temperature, a sensation like that of 
burning is experienced, and the part becomes blistered. 

We have above adverted to the effects of a high temperature upon 
the human body. The opposite effects of a very low temperature cannot 


be commanded artificially, and, therefore, opportunities seldom occur of - 


witnessing them so as minutely to observe their consequences. Captain 
Parry and his associates, in their Voyage for the Discovery of a North- 
west Passage, frequently experienced a degree of atmospheric cold 
below the freezing of mercury. Under the date of Tuesday, the loth of 
February, 1820, he says, “From four p.M., on the 14th, till half-past 


seven on the following morning, being an interval of fifteen hours and a ~ 


half, during which time the weather was clear, and nearly calm, a ther- 
mometer, fixed on a pole between the ships and the shore, never rose 


above — 54°, and was once, during that interval, namely, at six in the 


morning, as low as —55°. This low temperature might perhaps have | 


continued much longer, but for a light breeze which sprung up from the 


northward, immediately on which the thermometer rose to —49°, and 


continued still to rise during the day, till, at midnight, it had reached 
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—34°. During the lowest temperature above mentioned, which was the 
most intense degree of cold marked by the spirit-thermometer during our 
stay in Winter Harbour, not the slightest inconvenience was suffered 
from exposure to the open air by a person well clothed, as long as the 
weather was perfectly calm ; but in walking against a very light air or 
wind, a smarting sensation was experienced all over the face, accompanied. 
by a pain in the middle of the forehead, which soon became rather severe. 
We amused ourselves in freezing some mercury during the continuance of 
the cold weather, and by beating it out on an anvil previously reduced to 
the temperature of the atmosphere; it did not appear to be very malleable 
when in this state, usually breaking after two or three blows of the 
hammer.” | | 


§ 7.—Capacities ror Hear. Sprcrric Hear. + | 


Unper these terms we shall consider the relation of the temperature 
of bodies, whilst in the same state or form, to the quantity of heat 
contained in them. That the thermometer is an accurate measurer of 
temperature has been shown by Dr. Taylor’s experiment already 
quoted, but, as was first proved by Dr. Black in his lectures at 
Glasgow, in 1762, it affords no correct insight into the absolute quan- 

tity of heat necessary to produce a given temperature: if, for instance, 
a pound of olive oil and a pound of water be brought from a cold into 
a warm room, from a temperature perhaps of 40° to a temperature 
of 70°, they will, it is true, gradually acquire the same temperature; 
and thermometers immersed in the respective liquids will gradually rise 
from 40° to 70°; but if we carefully watch the manner in which this 
rise of temperature is brought about, we shall find that the oil acquires 
the temperature of 70° more rapidly than the water; whence the in- 
ference, that the oil requires less heat to raise it from 40° to 70° than 
the water. Again, if we reverse the experiment, and transfer the two 
liquids from a warm to a cold room, it will then be observed that the oil 
cools more rapidly than the water: the fact is, that the quantity of heat 
required to raise water from 40° to 70° is much greater than that required 
to raise the oil a similar number of thermometric degrees, and conse- 
quently oil is more rapidly heated and cooled than a corresponding 
quantity of water. The following experiment proves this to be the 
case. A pound of water at 212° was surrounded, in a proper apparatus*, 
by ice, and the quantity of ice which was thawed by the heat given out 
_by the water in cooling from 212° to 32°, was ascertained. A similar 
experiment was then made with the same weight of oi/, and it was found 
that, in passing through the same range of temperature, it only thawed 
half as much ice as the water: although, therefore, the temperatures of 
the liquids were the same at the outset and conclusion of the experiment, 
the quantity of heat given out by the oil was only half that given out by 
the water; whence we infer that bodies, though of the same temperature, 


* The instrument employed for this | it a Calorimeter. Its inaccuracy, resulting 
purpose was contrived by Lavoisier and | from the difficulty of separating the 
Laplace, and is fully described in Lavor- | water from the ice, has been shown by 
StER’s Elements of Chemistry: they termed | Wedgwood,—Phil, Trans., vol. UXxiv. 
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do not contain the same quantity of heat, some requiring more, and some 
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less heat, to raise them to a given thermometric point. The quantity of 4 
heat thus required is called the specific heat of the body; and if, in re- 
ference to the above statement, we call the specific heat of water 100, : 
that of oil will only be 50; or, in other words, water has twice the capa- 
city for heat that oil has. | ‘<p ie 
It has been stated that equal quantities of the same fluid, at different - 
temperatures, give the arithmetical mean, on mixture. Kqual measures, 
for instance, of water at 70°, and of water at 130°, will give the mean 
temperature of 100°; that is, the hot water loses 30°, and the cooler 
water gains 30°. But if equal measures of water at 70°, and of mer- 
cury at 130° be mixed, the resulting temperature will not be the mean, 
or 100°, but only 90°. Here, therefore, the mercury loses 40°, while the 
water only gains 20°; hence the inference, that the quantity of heat 
required to raise a given measure of mercury 100°, will only raise the 
same measure of water 50°: that is, (speaking here of equal bulks, and — 
not, as in regard to the oil, of equal weights,) the capacity of mercury for 
heat is only = half that of water. But the capacities of bodies for heat 
are most conveniently referred to equal weights rather than measures; and ~ 
if we thus compare water with mercury, it will be found that a pound of — 
water absorbs thirty times more heat than the same weight of mercury; — 
viewed, therefore, in this way, the capacity of water for heat is to that of 
mercury as 30 to 1, or as 1000 to 33, and we generally thus express the 
capacities of bodies for heat by a series of numbers, having this reference { 
to water as — 1000, such numbers being their specific heats. Dulong — 
and Petit have shown, as Dalton had previously anticipated, that the 
specific heat of bodies increases with their temperatures, so that it re- 
quires more heat to raise them a given number of degrees when they are : 
at a high than when at alow temperature. The specific heat of iron, for — 
instance, at different temperatures, was as follows :— 


From 32° to 212° ‘ 4 : 4 A ; . 0:1098 
eS Ble Lome ; és ; x : - : 0°1150 
“82 tose A A : A ; 5 . 01218 
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The same holds good in respect to other bodies, as shown in the fol- 
lowing table :— ; 


Between 32° and 212° Between 32° and 5722 
Mercury. = 4. oe =). gd gs tO en ee : 
Zing” Eee ee 
Antimony . . : ° ~ 0°0507 : . . 0°0547 
Silver 4 Z : : “ 0°0557 . A M 0:0611 
Copper . ° A : . 9:0949 é ‘ » 071013 
Platinum ss é . s 0:0335 . ' “ 0:0355_ 
Glass Py te. P : «tL ena uh « » fog 01800 


Petit and Dulong’s researches, however, render it probable that the ‘ 
aloms (or weights indicated by their equivalent numbers) of simple sub- — 
stances, all have the same capacities for heat; hence the specific heat of an + 
elementary substance, multiplied into the weight of its prime equivalent, 3 


should always give the same product (Ann. de-Ch. et Phys., yol. x. 403). — 
This curious subject has lately been elaborately investigated by — 


a 
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Regnault, (Ann. de Chim. et Phys., uxxiii. 1,) from whom I have abridged 
the following table, from which it will be observed that the products of 
his specific heats multiplied by their atomic weights do, in fact, only vary 
from about 38 to 42, hence the law of Dulong and Petit is verified, 
especially if allowance be made for errors in the determination of the 
specific heats, as well as in that of the equivalent numbers. The latter, 


in fact, are in some cases altered from those usually adopted, in order to 


adapt them to this law, which obviously furnishes an important test of 


their correctness. Most of the atomic weights in the table are the same 


as those employed by Berzelius, and agree upon the oxygen scale with 
ours upon the hydrogen scale; that, however, of silver, is only half, and 
that of uranium one-fourth, while the atomic weight of carbon is doubled: 
if the equivalent thus obtained for carbon be correct, carbonic acid, instead 
of being represented by Car. + 20, would be Car. + 40; the neutral 
carbonates as they now stand would thus become basic carbonates; and 
the bi-carbonates would stand as the neutral salts containing an atom of 


‘acid and an atom of base. Some of these considerations: are important, 


as influencing our views of the atomic constitution of certain organic 


compounds. 
Atomic weight 
Specific adopted by Product of 
Heat. Regnault. the two. 
Water ‘ ° : - 1:00 - 
Glass ° : ; ; 0:19768 


Brass . ; ; ‘ . 0°09391 
Oil of Turpentine . : 0°42593 

f Iron | : : é : .0°11379 339°21 .. 38'°597 

a Zinc : : ; , 0°09555 «  403°23 38°526 
Copper : ° : . 609515 . 395'70 . 37°849 
Cadmium 3 ‘ : 0:05669 ‘: 696°77 - 39°502 
Silver. ‘ ‘ K oe GOSTOL: Z 67580 . 38°527 
Arsenic. .~ « “ 0:08140 ; 40°04 » sa7261 | 
Lead . 7 ; . 0°03140 . 1294°50 40°647 
Bismuth . : “ : 0°03084 . 1330°37 - 41°034 
Antimony . : : . 005077 . 80645 . 40°944 
Tin ; : = a 0°05623 é 735'29 - 41°345 
Nickel ‘ ; c . 010863. 369'68 . 40°160 
Cobalt . : : ; 0°10696 . 368:99 . 389°468 


Platinum . ‘ 4 . 903243 . 1233'50 39°993 
Palladium 3 . . 06°05927 »  665:90 » 39°468 
Gold . s : ‘ - 0'03244 . 1243'0l . 40°328 
Seipdiae sk og 1 © 2BOWI ry QOLDT » . a 40°754 


Selenium ,. > : 00837 =~ 49458 . 41°403 
Tellurium ~ a 0°05155 801°76 . 41°549 
Iodine 4 . 005412 . FOO [a0 42°703 


Uranium . . ; : 0°06190 - 677°84 « 41°960 
Tungsten . : 2 . 0°03636 . 118300. 43002 
Molybdenum . . . 0.07218 - 598°52 . 43°163 
‘Steel . «aimee . . O11848. 339°21 . 40°172 


Charcoal . : = < 024111 ciple Ou : | B6'O7eS 
Phosphorus - . . 01887 ,. 196714, 37024 
Mercury . ; ‘ 0°0332 « 1265°82 « 42°149 


The specific heat of gaseous bodies has been examined by De La 
Roche and Berard (Ann. de Chim. uxxxy., or Ann. of Philos., v. ii.); the 


following tables show their general results:— 
i M 2 


Re 
La eee 4 
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Zqual — Equal eae 
eae aieh ts. Sp. gravity. ; 

UNS fae Sees Cen Sires 1:0000 1:0000 10000 
Hydrogen . .- 0°9033 12°3401 0:0732 
Carbonic acid . 1°2583 0°8280 15196 
Oxygen - . . 0°9765 0°8848 1:1036 
Nitrogen. . + 1:0000 10318 0-9691 
Nitrous oxide . 1°3503 0°8878 15209 
Olefiant gas . . 1:5530 1:5763 09885 


Carbonic oxide (1:0340 10804 0:9569 


To reduce these numbers to the standard of water, three methods were 
employed; from which the numbers 0:2498, 0°2697, and 0:2813 were 


obtained for atmospheric air. They have taken 0:2669 as the mean, to \ 


which all the above results are referred, as follows :— 
Water . : : . 10000 | Nitrogengas  . 2 0°2754 
Riv ine ‘ , ; 0°2669 | Nitrous oxide gas . . 0°2369 
Hydrogen gas . ; . 32936 | Olefiant gas . : : 0°4207 
Carbonic acid gas . 0-2210 | Carbonic oxide gas . - 02884 
Oxygen gas. . . 02361 | Aqueous vapour . ‘ 0°8470 


An extended table of specific heats may be consulted in Dr. Toom- 
son’s Oulline of the Sciences of Heat and Electricity, 2nd edit.: but 
there can be little doubt that many of the hitherto received results are 
erroneous, as will be evident from the observations of Regnault, in the 


paper above quoted; and as he is pursuing his inquiries and extending 
them to gaseous bodies and to compounds, I have not thought it neces- 
sary to extend the above tables or to quote the inferences of De la Rive © 


and Marcet (Ann. de Ch. et Ph., xxxy. and xu.) or those of Avogadro an 
Neumann (Jbid.-ty. and Lvii.) + 
The capacity of bodies for heat is very materially affected by their 
density; whenever density is diminished, capacity for heat is increased, 
and vice versd. Thus inregard to solids, if we suddenly compress a piece 


of metal, it becomes hot, because its capacity for heat is diminished; and, 


ci - ate 
——— As 


tt 


ae 


therefore, in its dense and compressed state, it contains less heat than it — 


did before; this is seen in the process of coining, where the blank’ piece, 
in sustaining the sudden and violent pressure of the coining-press, becomes 
suddenly warm; .and a piece of soft iron, upon, being dexterously struck a 
few heavy blows with a hammer, becomes hot. enough to inflame the 
sulphur of a match. A piece of Indian rubber; suddenly and forcibly 
drawn out, becomes warm in consequence of the extension, as may easily 
be perceived by applying it to the lip the moment it is stretched, that 
part being very susceptible of slight changes of temperature. 

Similar changes of capacity for heat, attending change of density, are 
also perceived in liquids. When sulphuric acid is mixed with water, the 


relative density of the mixture is suddenly and greatly increased, and it 


becomes boiling hot. When alcohol and water are mixed, there is also 

an increase of density, and heat is evolved. 
In gases we have a convenient opportunity of observing that, as on 

the one hand, condensation produces heat, so, on the other, rarefaction, or 


_ diminution of density, is attended by increased capacity for heat, or, in’ 


a. = 
7 
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other words, by the production of cold. Air, suddenly compressed by the 

piston of a syringe, evolves so much heat as to inflame combustibles 

: exposed to it; but if we suspend a thermometer in the receiver of the 
air-pump, we shall find that, during exhaustion, the rarefaction or expan- 
sion which the air suffers, causes a diminittion of several degrees of tem- 
perature; and this is one reason why the air in the higher regions is so 
much cooler than that below. As it ascends from the earth it expands; 
and in expanding, its capacity for heat is increased: it therefore cools itself, 
as well as the surrounding bodies. The Andes, placed’ almost under the 
line, rise in the midst of burning sands; about the middle height is a 
pleasant and mild climate; the summits are covered with unchanging 
snows; and these ranges of temperature are always distinct... The hot 
winds from below, if they ascend, become cooled in consequence of ex~ 
pansion ; and the cold air, if by any force of the blast it is driven down- 
wards, is condensed and fiderad warmer as it descends. 

When hot steam suddenly issues, under great pressure, from a small 

aperture into the atmosphere, its instantaneous expansion so far cools it, 
that, instead of scalding the hand held in it, as is the case with ordinary 
steam, it scarcely feels warm. 

‘Another case in point is furnished by the Fountain of Hiero, as it is 
called, at Schemnitz, in Hungary.» A part of the machmery for working 
these mines is a perpendicular column. of water, 260 feet high, which 
presses upon a quantity of air enclosed in a tight reservoir: the airis con- 
sequently condensed to an enormous degree by this height of water, which 
is equal to between eight and nine atmospheres ; atid when a pipe com- 
municating with this reservoir of condensed air is suddenly opened, it 

rushes out with extreme velocity, instantly expands, and in so ‘doing, it 
absorbs so much heat as to precipitate the moisture it contains in a shower 
of snow, which may readily be gathered on a hat held in the blast... The 
force of this is so great, that the workman who holds the hat is obliged 
to lean his back against the wall, to retain it in its position. 

If the blast from an air-gun be directed upon a delicate thermometer, 
it sinks it a few degrees, from the cold produced by the audden expansian 
of the air. 
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as 8.—Errecrs or Har IN CHANGING THE FORM oF BoprEs. 
Latent Hat. 


THavine described the phenomena attendant upon the expansion of 
bodies by heat, and its propagation through liquids and gases by change 
of density, and through solids by their convective or conducting powers, 
we may now proceed to an important part of the history of this power of 
matter, namely, to its effects upon the forms or states of bodies. 

_ When solids are exposed to a certain degree of heat, they change their 
state, and are converted into liquids; and liquids, under the same circum- 
stances, are changed into vapours or elastic fluids: these again, by the 
‘ loss of heat, revert to the liquid state; and liquids, by due degrees of cold, 
are solidified*. . Ice, water, and steam are familiar instances of these 


* * Ibis probable that all substances are 
‘susceptible of these changes ; though, on 


the one hand, the temperature required 
for the liquifaction and evaporation of 
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three states of matter, and the phenomena attendant on their production — 


may be discussed under the heads Liquifaelion and. Vaporization. 


§ 9.—LiquiracTIon. 


One important fact respecting the conversion of ice into water has 
already been mentioned, in describing the method of graduating thermo- 
meters (page 148), namely, that, during the progress of thawing, the ice 
and the water always maintain an uniform temperature, which is equal to 
32° of Fahrenheit’s scale. Suppose, for instance, that we bring some 
pounded ice from a very cold place (say of the temperature of 0°) into a 
room of the temperature of 60°, the ice, of course, soon begins to liquify, 
and a thermometer plunged into it rises from 0° to 32°; but there it 
remains stationary until the whole of the ice has melted: the water thus 
formed, then gradually rises to 60°, which is the temperature of the sur- 
rounding air. Now it is obvious, that during the whole process of thawing 
under the circumstances above described, heat must be entering the ice, 
but its effect is, not to elevate its temperature, but to melt it: the heat 


apparently combines with the ice, to constitute water, but it does not affect 


the thermometer, 
To heat thus united with bodies, Dr. Black gave the name of latent 
or combined heat; and he instituted a number of elegant experiments 


upon the subject of liquifaction and congelation, one or two of which may — 


be here detailed: they are at once simple and satisfactory. 
Two similar glass globes were filled, the one with five ounces of water, 


which was afterwards frozen, and the other with water cooled down to | 


33°. That which contained the ice was allowed to remain in a warmer 
air, till the ice began to melt, at which time its temperature was 32°. The 
two vessels were then suspended in the middle of a large room without a 
fire, or any notable draught of air, and of the temperature of 47°. The 
vessels, therefore, were under similar circumstances of temperature within 


and without, and with similar contents, except that the one contained zce, 


and the other water. The progress of heating was then noted. In that 


which held the water, the thermometer rose in half an hour to 40°; but, _ 
in the other, it took no less than ten hours and a half before all the ice — 


was melted, and the contents had reached 40°. Consequently, the rate of 


heating was twenty-one times slower in the ice-vessel than in that which _ 


held the cold water; but the actual heat received by the former was ob-, 
viously nearly uniform the whole time; and, therefore, it required about 
twenty-one times as much heat to bring ice to the state of water, and to 
raise it to 40°, as to raise ice-cold water to the same point. Or, to 
express it by another form: if the water had continued to receive as great 
an influx of heat as the ice during the whole twenty-one half hours, its 
temperature would, of course, have been raised twenty-one times as much 


as during the single half hour; and, as this was 7°, the whole would have — | 
been twenty-one times 7°, or 147°. The difference between the gain of a 


some solidsis extremely high; and on the porcelain, glass, iron, and platinum : and 
other, the temperature required for the | certain solids which are very volatile rise 
reduction of many gases totheliquidstate | in vapour before fusion; in order to 
unattainably low. Fusion is sometimes liquify them, they require to be heate 

preceded by a softening of texture so as | under pressure. ‘ 
to admit of adhesion by welding, as in 
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temperature in the ice and the water, with equal accessions of heat, is 
therefore about 140°; and thus 140° is the expression of that quantity 
of thermometric heat or temperature, which disappears, or is rendered 
latent by the separate operation of the liquifaction of ice; the actual 
quantities of matter in the comparison being equal. Buack’s Lectures, 
and Arkin’s Dictionary, Art. CALoRic. 

The conclusions drawn from the preceding experiment on the slow 
thawing of ice, were verified and confirmed by melting it rapidly by mix- 
ture with hot water. Thus, if we take any quantity of finely-pounded 
ice, or of snow, at the temperature of 32°, and mix it with an equal weight 
of hot water, at the temperature of 172°, the snow melts, and the tempe- 
rature of the resulting water is only 32°. Here, therefore, the water 
suddenly loses 140° of heat, while the temperature of the snow remains as 


at the outset of the experiment. So that 140° of heat have disappeared; 


they have combined with the snow; and their effect has been, not to raise 
its thermometric temperature, but to convert it into water. Ice, therefore, 


when it is converted into water, absorbs and combines with a certain 


proportion of sensible heat, and renders it latent. The exact number of 
thermometric degrees of heat which disappear during the liquifaction of 
ice have been somewhat differently estimated by different’experimentalists. 
The mean of the whole is about 140°, which also is Dr. Black’s inference. 

From the preceding experiments we deduce this important general 
law—that in all cases of liquifaction, a quantity of heat not indicated by, 
or sensible to, the thermometer, is absorbed or disappears; and that this 
heat is withdrawn from the surrounding bodies, leaving them compara- 
tively cold. | 
~The cases which we have cited are those of liquifaction at compara- 
tively low temperatures, and relate to ice and water; but the same laws are 
observed in all other cases, and where the temperatures are comparatively 
high: to these the term fusion is generally applied: spermaceti, for 
instance, fuses at 112°; 4nd retains that temperature during its fusion, so 
long as any portion remains unmelted: when the whole is liquid, and not 
till then; its temperature may be elevated above the fusing-point. Again, 
a ladleful of lead cannot be heated red-hot till all the metal is melted; 
and a quantity of red-hot melted lead is instantly cooled down to its point 
of fusion (which is about 612°) by the addition ofa picce of solid lead. 

That the heat which becomes insensible, or latent, during the 
liquifaction of ice and other solids, remains in the liquid, and is not 
altogether lost or destroyed, is shown by the circumstance of its being 
dgain emitted, or given out, during their congelation. Ifa vessel of warm 
water be exposed in a very cold atmosphere, the tenipérature rapidly sinks 
to thé freezing-point, and then it begins slowly to congeal: if kept in the 
same situation, heat is of course abstracted as before ; but the thermome- 
tric heat remains stationary at about 32°, till the whole is frozen, after 
which the temperature of the ice begins again to sink. | 

Perhaps the result of this experiment is more explicitly stated as 
follows (Thomson’s Outline, &c.):—If, when the thermometer is at 22°, 
we expose a vessel full of water at 52° to the open air, and beside it 
another vessel full of brize, at the same temperature, with thermometers 
in each, we shall find that both of them gradually lose heat, and are 


168 . CONGELATION. 


cooled down to 32°. After this the brine (which does not freeze till — 
cooled down to 4°) continues to cool without interruption, and gradually __ 
reaches 22°, the temperature of the air; but the pure water remains 
stationary at 32°: it freezes, indeed, but very slowly; and during the 
Pelle process its temperature is 32°. Now why should one liquid refuse, 
all of a sudden, to give out heat, and not the other? Is it not much 
more probable that the water, as it freezes, gradually gives out the heat 
which it had absorbed during its liquifaction, and that this evolution 
maintains the temperature of the water at 32°, notwithstanding what it 
parts with to the air during the whole process? It is easily shown that 
water, while congealing, is constantly imparting heat to the surrounding 
air; for a delicate thermometer suspended above it is constantly affected 
by an ascending stream of air less cold than the air around. } 

The following experiment also shows that this evolution of heat 
actually takes place during congelation. (Sir C. Buagprn, Phil. Trans., 
1798.) If, when the air is at 22°, we expose to it a covered glass of 
water, with a thermometer in it, the water, if kept quite still, may be 
gradually cooled down to 22° without freezing. It is, therefore, ten 
degrees below the freezing-point. If the water be now shaken,. part of 
it instantly freezes, and the temperature of the whole rises to 32°; so 
that the water acquires 10° of heat in an instant.. Now, whence comes 
this heat? Is it not evident that it is derived from that part of the water 
which suddenly froze; and consequently, that mater, in the act of 
JSreezing, gives out heat ? | * 

There are many instances of the sudden or rapid liquifaction of 
bodies, in which the absorption of heat, or production of cold, are more | 
remarkable and striking than in the cases above detailed.. When finely- 
powdered common salt, for instance, is mixed with pounded ice or snow, 
a sudden liquifaction of the solids ensues, and a proportionate production. 
of cold; they immediately run down into brine, which does not freeze 
till reduced to near 0°; and a thermometer plunged into the mixture 
sinks nearly to that point.. We sometimes avail ourselves of this process, 
to remove hard trodden snow from the pavement in winter: it is soon 
liquified by sprinkling a little salt upon it, and the temperature of the 
air is seldom low enough to freeze the brine which is produced. Con- 
fectioners employ the mixture of ice and salt to freeze cream in the hot 
weather of summer; and the same system is conveniently resorted. to a 
whenever considerable cold is required. The production of cold by the - 
liquifaction of metals, may be well shown by melting together 207 parts 
of lead, 118 of tin, and 284 of bismuth; these form on cooling a brittle 
alloy, which when reduced to powder and dissolved in 1617 parts of mer- 
cury at the temperature of 60°, produce a liquid amalgam the temperature 
of which falls to 14°. ; . : Serre 

In the case of the disappearance of heat caused by the sudden for- 
mation of liquid brine from its solid constituents, the bodies being 
already cooled to 32°, the thermometer sinks about 30°, or to 0°. It 
was once supposed that this was the lowest temperature that could be 
artificially commanded; and hence, probably, our thermometric scale sets 
out with it: but we now know that, by careful management, the mixture 
of certain materials will afford a much more intense cold. Among the 
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most effective of these is the mixture of snow and the salt called chloride 


of calcium or muriate of lime: the snow should be taken in its light 
flocculent state, as it falls in a very cold winter's day; and the chloride, 
in fine powder, but not deprived of all its water of crystallization, should 
be mixed with it in the proportion of about three parts to two: the mix- 
ture should be made in earthen vessels, previously cooled, and in the lowest 

atmospheric temperature we can command; the thermometer will ‘then 
sink from 32°, to between 40° and 50° below 0°, a temperature at which 
mercury freezes.. By the successive application of freezing mixtures in 
a proper apparatus, Mr. Walker succeeded in sinking the spirit-thermo- 
meter to —91°; a temperature at which all liquids, with the exception 
of pure alcohol, are converted into the solid form. The following table 
shows some of the most useful of these freezing mixtures, and the tem- 
peratures which result from their careful application. (Phil. Trans., 


1795 and 1801.) 


Muriate of ammonia 
Nitre . 


: From 50° to 10°. 
Water . : 


a . 
SD OOF 


Nitrate of ammonia 
Water . 4 


Sulphate of soda 
Diluted sulphuric acid 


From 50° to 4° 


From 50° to 3°. 


Snow 


5 () (e) 
Common Ae From 32° to 0°. 


1 
1 
5) 
4 
1 
1 
3 


Muriate of lime. . 


g From 32° to —50°. 
now . a: , 


Snow 
Diluted sulphuric acid 
Diluted nitric acid . 


From —10° to —56°. 


7 ae E 
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Snow or pounded ice 
Common salt . 
Nitrate of ammonia 


From . [8°'to: — 25°. 


Snow . : " 


P Meee __ 790 
Muriate of lime From —40" to —73.. 


Diluted a acidg ©. 
Snow 


— 


From —68° to —91° | 


Whenever ice can be Focaied: its mixture with common salt furnishes 
the cheapest and most effectual freezing mixture; but when it cannot be 
obtained, we often conveniently avail ourselves of the two first saline 
combinations in the preceding table: either the mixture of hydrochlorate 
of ammonia and nitre, or of nitrate of ammonia and water, may be used, 
and the salts again be obtained by evaporation. In employing them to 
cool a bottle of champagne, for instance, a vessel should be selected a 
little larger, and nearly as tall as the bottle; it should then be filled with 
the coldest pump-water that can be procured, and the bottle placed in it: 
about four ounces of the salt in fine powder should be sprinkled upon the 

= ‘Nips. 
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shoulder of the bottle, so as, gradually dissolving, to fall or run down its 


sides;. as the salt dissolves, the bottle should be gently turned in the mix- 
ture, and kept in it till an immersed thermometer tells us that the tem- 
perature is rising, which will be in about twenty minutes or half an hour. 
A table of the cold produced by dissolving sulphate of soda in dilute sul- 
phuric acid, by Professor Biscnor of Bonn, will be found in Dr. 'THomson’s 


Outline of the Sciences of Heat and Electricity. “ A very convenient 


process for freezing a little water without the use of ice is to drench 
finely-powdered (crystals of) sulphate of soda with the undiluted hydro- 
chloric acid of the shops. The salt dissolves to a greater extent in this 
acid than in Water, and the temperature may sink from 50° to 0°. The 
vessel in which the mixture is made becomes covered with hoar-frost, 
and water in a tube immersed in the mixture is speedily frozen.”-— 
(GRAHAM. ) 

As liquifaction is to surrounding bodies a cooling process, and as 
sudden liquifaction produces sudden cold, so solidification or congelation 
is to surrounding substances a heating process; and when it takes place 
suddenly, a proportionably sudden elevation of temperature is the conse- 
quence. In the experiment described in page 11], a solution of Glauber’s 
salt is made suddenly to crystallize; and if the hand be applied to the 
flask, it will be found to become sensibly warm. In this case the heat 
evolved is chiefly referable to the water, which solidifies and constitutes 
the water of crystallization of that portion of the salt which separates in 
crystals; when alcohol is added to a saturated solution of sulphate of 


potassa, the salt is precipitated in the solid form, and the mixture 


becomes warm. When water is poured upon quick-lime, a sudden solidi- 
fication of a large portion of water is effected in ¢onsequence of its 
attraction for the lime, which crumbles down into a dry white powder, 


and a great evolution of heat ensues, as we see by the steam which makes 


its escape in the ordinary operation of slaking lime. When water is 
poured upon sulphate of copper or sulphate of magnesia, previously 
deprived by heat of their water of crystallization, much heat is evolved 
in consequence of their resuming it: in this case also the water suddenly 
passes from the liquid to the solid state. 

From the view, then, which we have taken of the constitution of 
liquids, it is obvious that they may be considered as combinations of solids 
with heat; that, consequently, when they revert to the solid state, they 
give out their heat of fluidity, which, previously latent, or insensible to 
the thermometer, now becomes sensible, in eonsequence of the change of 
state: on the other hand, when solids are converted into liquids, they 
absorb or combine with that portion of heat which is requisite to their 
respective fluidities. 

Thus, the heat of Jluidity or latent heat of water is 140°, and that of 
the following substances in their liquid state has been determined by 
Irvine, namely, sulphur 144°, spermaceti 145°, lead 162°, wax 175°, zine 
493°, tin 500°, bismuth 550°. 

We may conclude this part of our subject with the following table, 
by Dr. Ure, showing the freezing and melting points, as they are called, 
of different liquids and solids ; that is, the temperatures at which the 
former congeal; and the latter liquify, fF 
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Sulphuric ether . otis Berle gee eee — 46° 
Liquid ammonia . > : . * oe = 46 
Nitric acid, spec. grav. | 1424 . : . —45'5 
Sulphuric acid, spec. gray. 1°6415 ° . 6 —45 
Mercury . : ‘ ’ : ‘ ° ’ —39 
Nitric acid, spec. grav. 1°407 . , . « —30'1 
Sulphuric acid , « 18064 . ’ . —26 
Nitric acid . : 1:3880 : ° » —18 if 
Ditto ° > » 1°2583 «. Se —17°7 
Ditto . ° F 13290 : ° » — 24 
Brandy . : . : Ng » . — 70 
Sulphuric acid F « 18376 : ° - +1 
Pure prussic acid : : Spikiners : : 4to5 
Common salt F . 25 -- water 75 4 
Ditto . $ ° 222+ 4, 778 72 
Sal ammoniac ° +20 + y 80 8 
Common salt . ‘ 20 +. 5 80 9:5 
ieee Wot wes KO Pe, 880 13°5 
Oil of turpentine ; : ° : : : 14° 
Strong wines . ‘ : : i : ° 20 
Rochelle salt ‘ « 50 + water 50 21: 
Common salt . . 10 + =, 90 21°5 


Oil of bergamot . RET age tees, F ibe sh ee 
Blood e ® 8 ° e ® e e e 25 


Common salt . » 6°25 + water 93°75 Q5°5 
Epsom salts. F 4G -- 4, «(584 25°5 
Nitre . . ‘ 2-125 + 4 875 26° 

Common salt . ° 416+ 4, 95°84 27°5 


Copperas. ° 416 + 4, 58:4 ~- 28 
Vinegar. , . : ° : ‘ . 20 
Sulphate of zinc. 53°3 ++ water 46°7. « a 286 
Milk a ry + * ° » ° e ® 30: 
Water . 4 e * ° ry . ry » 32 
Olive oil .. ‘ ° ‘ 36 
Sulphur and phiogphot tis, equal par ts P : - 40 
Sulphuric acid, spec. grav. 1741. : : : 42 


Ditto i WiG0N 8ebwidss By Tae 
Oil of anise . : i ¢ F ; 50 
Concentrated apante acd ; ‘ : ‘ . 50 
Tallow, (Dr. Thomson) , : , é : 92 
Phosphorus . . . : ° : . 108 
Stearin from hog’s lat ° ; : : ° 109 
Spermaceti -. ‘ : i . i are 2 
Tallow (Nicholson) - . ‘ . : ° 127 
Margaric acid : ‘ , : ‘ : » 134 
Potassium ° : ‘ ° : ‘ ‘ 136-4. 
Yellow wax ; ° ; gy be : - 142 
Ditto é e ° a é ‘ ry . 149 
White wax . A . ‘ : ‘ ’ + 155 
Sodium * ® ° ° ® e 194° 


SuMADr Tiometh fo.) ae ty ot ale 
Ditto Dr. Hope . ; ; : Boake: 234 


Tin é e Py e é ° ° ® 449 
Bismuth ; » a ® ] e ° Lt ® 476 
Lead e a e ° ® ° « 61 Q 


Zine, by Sir i. Davy . : , ; : 680 
Ditto, Brongniart . ° : : 
Antimony . . ° , , ° . 809 

The solidifying temperature of the bodies above tallow, in the table, is 


usually called their freezing or congealing point; and of tallow and the 
bodies below it, the fusing or melting point, | | 
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The congealing points of the following metals are from Professor 


Daniell. 
Mercury . A : a Zinc . : : tao Wks 
Potassium . : - +136 Silver ae a 1873 
Sodium . : : 194 Copper . : « athe OIG 
ain = S “ ; 442 Gold 4 5 2016 
Bismuth . si : aay is Cast Iron A - - 2786 
Lead . A : : 612 Pure Iron \ : 

} Platinum above . 3280 


§ 10.—VAPoRIZATION. 


We may now proceed to examine the effects of heat upon liquids. 
When liquids are heated, they are converted with more or less facility 
into invisible elastic fluids, or vapours. When ‘water is heated in open 
vessels, its temperature gradually rises, and vapour is seen to form on its 
surface, which increases till the thermometer rises to about 212°, which 
is called the boiling-point of water: it is then violently agitated, and 
gradually disappears in the form of steam: but, although the source of 
heat is continued, the temperature of the water remains stationary, and 
both it, and the steam, continue at 212°. There are, therefore, in this 
simple operation, two leading circumstances to be attended to, namely, 
the degree of expansion which the water suffers by conversion into 
vapour; and the cause of that uniformity of temperature to which we 
have adverted, and which has been above noticed as furnishing one of 
the fixed points for thermometric graduation. — . 

In regard to the bulk of steam formed by a given bulk of water, it 
appears, from the experiments of Gay Lussac, that a cubic foot of water 
is convertible into 1689 cubic feet of steam, at the temperature of 212° 


(the barometer standing at 29°9 inches). Mr. Watt conceived the bulk 


of steam to be about 1800 times that of the water; and others have far 
exceeded even Watt's estimate: we may, however, adopt that of Gay 
Lussac as the most accurate. Other liquids form different volumes of 
vapour; alcohol, for instance, gives 488 times its volume, ether about 
212, and oil of turpentine 192, each at the temperature of 212°. It is 
obvious, therefore, that these vapours will differ materially in their 
respective densities. Steam is lighter than air, at the same temperature 
and pressure, in the proportion of about 10 to 16; the density of steam 
to that of air being as 625 to 1000. On the contrary, the vapours of 
alcohol, ether, and oil of turpentine are much heayier than air, the 
specific gravity of the first being 1-60, that of the second 2°58, and of the 
third 5°01, in reference to air as unity. . 

It has already been stated that the expansion of vapours by heat, and 


their contraction by cold, follows the same general law as that of gases, so. 


long as the quantity of vapour continues the same; but if the vapour be 
in contact of the liquid producing it, then the increase of temperature will 


form a fresh portion of vapour, and the dilatation will proportionately 


exceed 1-480th of the whole bulk for each degree; so also will the con- 
traction of a vapour on cooling deviate from the above law, whenever 
any portion reverts to the liquid state. Under varying pressure, the 


volume of vapour varies according to the same law as that of air, so long 
as the state of vapour is preserved. : 
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Steam is an invisible elastic fluid like commen air, and possessed of 
similar mechanical properties. We are, it is true, in the habit of asso- 
ciating a smoky appearance with steam, because we generally observe it 
when it is beginning to be condensed; as when it escapes, for instance, 
from the spout of a tea-kettle; but, when perfectly formed, it is quite 
invisible, as may be shown by boiling water in a flask, when perfect 
transparency will exist in the upper part of the vessel which is filled with 
the hot vapour; and it only becomes visible when it escapes into the air, 
and suffers incipient condensation. 

The same general fact, in regard to the visibility of vapour, is shown 
by the production of fogs, which are occasioned by the mixture of warm 
with cold air; the general depression of temperature thus produced, 
rendering the aqueous vapour visible, in consequence of its partial con- 
densation. This partial condensation does not amount to the actual 
precipitation of water, or rain; but consists of a multitude of thin 
vesicles; and hence the appearance is often called vesicular vapour: it 
constitutes clouds, mist, dew, and fogs. Clouds, therefore, are formed, 
whenever two masses of air, of different temperatures, and each saturated 
with moisture, meet and mix together; but what it is that subsequently 
causes the condensation of the vesicular vapour, and its precipitation in 
the form of rain, is not exactly known*. 

Steam, as we have said, is produced by heating water to 212° under 
common barometrical pressure, the thermometer remaining fixed at that 
point, which is, therefore, called the botling-point of water. But this point, 
or temperature, varies with, and is immediately dependent upon, the pres- 
sure to which the surface of the water is exposed ; it is also, to a small extent, 
affected by the nature of the vessel containing the water. (Gay Lussao, 
Ann de Chim. et Phys., vii.. 307; Quarterly Journal, v., 361.) Thus 
in a glass flask the boiling-point of water often rises to 214° or 216°; 
and where the steam is irregularly formed, occasioning a bumping in the 
vessel, the boiling-point is proportionately high and irregular, but 
upon throwing in a few metallic filings, pieces of wire, or other finely- 
divided and insoluble materials, the generation of steam is facilitated, 
and the boiling-point falls to its standard. Dr. Bostock has observed an 
analogous effect in ether and alcohol (Amn. of Phil. N. S., ix., 196). 
Ether, heated in a glass vessel, had its boiling-point lowered many 
degrees by introducing afew shavings of cedar; and alcohol of the 
specific gravity of ‘849 had its boiling-point reduced in the same way 


* <A mist or cloud consists not of solid 


drops, but of a multitude of very thin. 


vesicles of water, similar to soap-bubbles. 
If clouds and fogs consisted of drops, 
their precipitation would be rapid; for a 


drop whose diameter amounted to a 


thousandth part of an inch would acquire 
a velocity of nine or ten feet per second: 
whereas we see clouds hover at a small 
elevation for hours; and they are trans- 
ported from the sea, lake, river, or 
marsh, from which they are raised, far 
into the country, or to the tops of the 
mountains, where the requisite supply of 


moisture cannot be had in any other 
way. Saussure, while travelling in the 
Alps, happened to be enveloped in a 
mist which was almost stagnant. He 
was astonished at the size of the drops, 
as he thought them, and at seeing them 
float slowly past him without falling to 
the ground. Some of them were larger 
than the largest peas. Catching them 
in his hand he found them to be blad- 
ders, inconceivably thin. Indeed, the 
optical phenomena exhibited by clouds 
and mists show that they are of a vesi- 
cular structure.”—THomson. 
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‘between 30° and 40°. It is stated by Mr. Scrimgeour, of Glasgow, that 


if oil be present with water the boiling-point is always raised a few 
degrees. iS 
The influence of fluctuations in the barometer upon the boiling-point 
of water is shown in the following table :— | 
Barometrical pressure, Temperature at which 
in inches, of mercury. water boils. 
27°74 ° s e e e ® ry e 208° 
28°29 ° e ® . e e ® 209 
23°84 e e se « e e e e 210 
99°41 e e s e e e ° 211 
BOBO TL es ela es TCR 
30°60 of AOS fetes gl Cy ewe tite 213 


Of course, therefore, we find considerable diminution in the boiling- 
point of water upon the summits of hills and mountains, and other ele- 
vated situations; and a very delicate thermometer indicates a lowering 
of the boiling-point even at the top of high buildings. The Rey. Mr. 
Wollaston has described the method of constructing a thermometer of 
extreme delicacy, applicable to these purposes (Phil. Trans., 1817). 
Saussure found that, at the top of Mont Blanc, water boiled at 187°. It 
appears from the above table that for every inch of variation in the 
barometer, the boiling-point of water varies 1°76 degrees; consequently, 
every tenth of an inch that the barometer rises or falls, either elevates or 
depresses the boiling-point by 0:176 of a degree; even the ordinary 
changes, therefore, in the height of the barometer will materially affect 


the boiling-point. In this country the mean height of the barometer is a. 


little short of 30 inches: it very rarely rises higher than 31 inches, or 
falls below 28°5; so that from this cause alone, there will be a variation 
in the boiling-point of water of between four and five degrees. 

The following table shows the boiling-points (at mean pressure) of 
several liquids, but the details upon this subject will be found under the 
separate heads of the substances themselves :— 


Hydrochloric ether *. ° ; 4) 29S 
Sulphuric ether .. . ‘ ; : 96 
Bisulphuret of carbon “ : . . 116 
Ammonia (sp. gr. 0°945) . : . 140 


Acetic ether ; : F ; : . 160 
Alcohol (sp. gr. 0°798) . : : ~ 173 
Water : : * 5 : » 22 
Nitric acid (sp. gr. 1°42) “ ; - 248 


Crystallized chloride of calcium . q . 302 
Oil of turpentine . . : : . 314 
Naphtha . 2 2 : : : - 320 


Phosphorus. : : . : . 544 
Sulphuric acid (sp. gr. 1°84). : . 620 
Whale oil ‘, F c - . - 630 


Mercury , . : F : : 662 


The boiling-point of various saline solutions is partly dependent upon 
the quantity and partly upon the nature of the salt dissolved, and the 
steam arising from them hag the same temperature as that of the boiling 


solution. (Faraday and Gay Lussac, Ann. of Phil. N. S.,v., 75.) Mr. 


T. Griffiths has determined the boiling-points of anumber of saturated 


a 
¥ 
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solutions of salts, of which a table is given in the Quarterly Journal, 
xviii, 90. The following are a few of the results:— 


} Dry salt in 100 Boiling Dry saltin 100 Boiling 
Name of salt. of solution. point. Name of salt. of solution. point. 
Acetate of soda . . 60 . . 256° AYO NS ae ee heen, 
Nitrate of soda. . . 60 . . 246 Chlorate of potash . 40 . . 218 
Nitrate of potassa. . 74 . . 238 Sulphate of copper. 45 . . 216 
Muriate ofammonia. 50 . . 236 Sulphate of iron . 54 . . 216 
. Muriate ofsoda , . 30 .. 224 Acetate oflead. . 42 . . 215 
- Sulphate of magnesia. 57 . . 222 Sulphate. of soda... % hkl ecce woke 


Hf, as has already been remarked, pressure be diminished by artificial 
methods, the temperature at which liquids boil will be proportionately 
lowered; and hence we often use the terms Joiling and ebullition to sig- 
nify the rapid conversion of water into vapour, independent of the tempe- 
ralture at which it takes place: using the term in this sense, we shall 
presently have occasion to point out a case of boiling at the freezing 
temperature. 

The air-pump is a very useful instrument for showing the influence 
of diminished pressure upon boiling-points. If, for instance, we place a 
glass of water of the temperature of 90° or 100° under the receiver of the 
air-pump, and remove the air’s pressure upon it, we shall observe that 
the water soon boils violently at that temperature; and would continue 
so to do, but that the space in the receiver becomes filled with an atmo- 
sphere of aqueous vapour, which, exerting its pressure upon the water, 
again prevents ebullition. 

If we use liquids which, under ordinary circumstances, boil at tem 
peratures below that of water, we shall find them boiling in vacuo at 
proportionately low degrees; this is the case with ether and with alcohol, 
which, under the above circumstances, readily boil at all common 
temperatures. 

It may here be observed, that we apply the term vapour to all elastic 
fluids which are easily reconvertible into liquids: sfeam is easily converted 
into water by lowering its temperature a few degrees; and those liquids 
which have low boiling-points are especially convenient for illustrating 
these changes; such, for instance, as ether or alcohol; and as ether is 
only sparingly soluble in, and much lighter 


ei 
Peni? 


than water, it may be used in the follow- G 15 
ing illustrative experiment. Nearly fill » 2 

a glass tube about three feet long, and a, 
half an inch diameter, with water; then MAG 
pour a little ether upon the surface of the J Gr 
water, and closing the open end of the 7 

tube carefully with the palm of the hand. Y A 
invert it in a basin of water, as shown in fig. y j Y 
75: the ether will rise through the water, i at 


and occupy the upper end of the tube, a, 
retaining, at common temperatures, its 
liquid state; but if we now pour a little 
hot water upon, or hold a heated iron near, 
the exterior of the tube, it presently causes — 
the ether within to boil, and its vapour === 
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may thus be made to drive nearly the whole of the water out of thes = 
tube into the basin below: the ether retains this elastic or vaporous 
state, so long as its temperature is sufficiently high; that is, above 100°; 


but if we now cool the tube, by suffering some cold water to dribble — 


over it, the ethereal vapour returns to its liquid state, and floats upon 
the water as before. At temperatures above 212°, water would be in the 
same predicament as ether. 


With regard to the bodies usually called gases, they are not thus 


easily condensible: a few of them become liquids when considerably 
cooled, and several others when subjected to great pressure; but at ordi- 
nary temperatures and pressures the gases are permanently elastic. 

The following apparently paradoxical experiment illustrates the in- 
fluence of diminished pressure in facilitat- 
ing ebullition. Insert a stop-cock securely 
into the neck of a Florence flask containing 
a little water, and heat it over a lamp till 
the water boils, and the steam escapes 
freely through the open stop-cock; then 
suddenly remove the lamp and close the 
cock; the water soon ceases to boil; but 
if the flask be now plunged into a vessel 


16 


a= | i) ==— ebullition instantly recommences, but it 
SS eee again ceases on holding the flask near the 
ee 


fire, or over the lamp. In this experiment 
the air is driven out of the flask, and an atmosphere of steam. included 
within it, which, upon immersion in cold water, is condensed, and a va- 
cuum formed above the water, which, upon the principle already noticed, 


boils under the diminished pressure: the vacuum is kept up by the suc-. 


cessive condensations of the portions of steam formed; but if the flask 
be removed from the cold. medium, and especially if it be warmed, a 


of cold water, as represented in fig. 76, 


new atmosphere of steam is formed, the pressure of which prevents ebul- — 


lition. 
Boiling in a more or less perfect vacuum is Sometimes resorted to 
upon a large seale in the arts; and it has been successfully applied to the 


refining of sugar, the syrup being thus concentrated to the granulating 


point, without the risk of decomposing it. The same plan has been 
resorted to in the Pharmaceutical Laboratory, in the preparation of cer-— 


tain medicinal substances, the properties of which are easily impaired by 


heat. Mr. Barry has described a simple and effective apparatus for 
these purposes, in the Medico-Chirurgical Transactions (vol. x). 

_ If we reverse the state of things just explained, and expose liquids to 
increased pressure, we proportionately elevate their boiling-points.. Papin 
contrived an instrument for this purpose, which was called a digester. 
It was a cylindrical copper vessel, having a lid very nicely fitted to it and 
secured by screws. If such a vessel be about half filled with water, with 


the lid closely secured, and then put upon the fire, steam is soon formed; 


a having no escape, it presses upon the water, and prevents the further 
aed of Steam till the temperature of the water rises above the 
oiling point. This heat being conveyed to the steam, it now receives 


BOILING UNDER PRESSURE. I yi7: 


another portion of vapour without being condensed, and thus the quantity 
and elasticity of the steam are continually increasing with the tempera- 
ture. Water has in this way been raised to the temperature of 419°, or 
even above it; for Muschenbroek asserts that he raised the temperature 
of the water high enough to melt tin, which requires a temperature of 
440°. The powerful effects of high-pressure steam are illustrated upon 
a small scale by the little glass bubbles commonly called candle or fire- 
crackers; they are hermetically sealed, and contain a drop of water, 
which occasions them to burst with great violence, when sufficiently 
heated. But in speaking of the elastic force of steam it must be recol- 
lected that it does not in itself possess 
greater elasticity than air, so that vessels 
filled with steam only and containing no 
water in its liquid state, may be heated 
to any degree without more risk than if 
they only contained air. 
| The annexed is a good form of ap- 
paratus for illustrating, within certain 
limits, the influence of pressure upon the 
temperature of steam:—a, fig. 77, is a 
strong brass globe, composed of two 
hemispheres screwed together with 
flanches; a portion of quicksilver is 
introduced into it, and it is then about 
half filled with water: 6 is a barometer- 
tube passing through a steam-tight 
collar, and dipping into the quicksilver 
at the bottom of the globe: c¢ is a ther- 
mometer graduated to about 400°, and 
also passing through an air-tight collar: 
d is a stop-cock, and e a large spirit- 
lamp. The whole is supported upon the 
brass frame and stand f/. Upon apply- 
ing heat to this vessel, the stop-cock 
being closed as soon as the water boils, 
it will be found that the temperature 
both of the water and of its vapour in- 
creases with the pressure, the extent of | 
which is measured by the ascent of the 
mercury in the barometer-tube. 
According to Southern, the temperature of steam under a pressure of 
two atmospheres is 250°, under that of four, 293°, and under that of 
eight, 344°. The results obtained by Dulong and Arago in reference to 
this question, are contained in the following table: they were obtained 
by experiment up to a pressure of twenty-five atmospheres, and at higher 
pressures by calculation. (Quarterly Journal, N. 8. vii, p. 119.) See 
also Dr. Ure’s table, Phil. Trans., 1818. 
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Plaaisiy of be epenttare | PIMBN SARE —Temperture | Pipoun ling ee 
Soy. Se eae Takwoubeits | presi.as unity, sive 4 
1 ey) 911242 mse Bdge PALIG see 413-96 
1 233:96 8 .. - B41:96 20. .. . 41p4e eee 
2. 250°52 9 . BB0°78 21. ...  4ogp 
2h 263°84 10 ef 358°88 SP Ait Jae 427° 28 
3 275'18 11 iy 367'34 23 es 431°42 
3} 28508 12 .. 87400 94. 2) 0% 43568 
4 293°72 13 ..  880°66 25 ..  439°34 
4} 301-28 14 ..  886°94 30. isn. ase Dane 
5 308-84 15 2, Boege 35 + +5. ee eee 
BL 314:24 16 . 39848 40 .., 486°59 
6 32036 17 ls £Oags 45 ... 491-14 
63 326-26 18 . 40892 50... =~: 10°60 
4 331°70 


The temperature of steam is always the same as that of the liquid 
producing it; hence the high temperature of steam generated under 
pressure: ond as this elevation of temperature may be accurately 
regulated by the degree of pressure, high-pressure steam is often conye- — 
niently applied as a source of steady heat. 

We are now to show, more particularly, that the production of vapour 
is in all cases attended by loss of sensible heat; and that, as in the case 
of liquifaction, heat disappears, to constitute the liquid,-so, in all cases 
of evaporation, heat becomes, to a much greater extent, latent in the ; 
vapour. yf 

The fact already adverted to, that we cannot, under ordinary cireum- 
stances, raise the temperature of water above 219°, although heat con- 
tinues as before to flow into it, shows that the heat must be latent in the 
steam, the temperature of which does not exceed that of the water which 
produces it; and again, when water, as in the preceding experiment with 
the brass globe, is heated under pressure to a temperature above its 
ordinary boiling- point, the moment that that pressure is remoyed by , 
suddenly opening the cock, a quantity of steam rushes out, and the — 
remaining water has its temperature lowered to 212°.. The quantity — 
of water in this case, which constitutes the lost steam, is very small, — 
yet it carries off the whole excess of heat from that remaining in the 
globe. e 

Dr. Black instituted some ingenious and simple experiments to deter- a 
mine the actual loss of heat during the conversion of water into steam. 
(Buack’s Lectures and Arkiy’s Dictionary.) He heated water in a tin — 
vessel up to its boiling-point, and noted the time required for the purpose. 
The same heat was then continued till the whole of the water was eva- 
porated; and the time taken up by that process was also noted. Now, 
since, on the one hand, the accession of heat was constant, it was easily 
computed how high the temperature would have been, supposing the rise 
to have gone on above 212°, in the same ratio as below it; and, on the — 
other, as the temperature of the steam was not raised, it was inferred — a 
that all the accession of heat from. 212° was essential to the very state 
and constitution of steam at that temperature; this quantity was esti- — 
mated at about 810°; that is to say, that the same quantity of noatl 
which is rotated totally to evaporate bailing water at 212°, would be 


a ae. 
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sufficient to raise the water 810° above the boiling-point, or to 1022°, if 
it had remained in the liquid state. Dr. Ure estimates the latent heat 
of steam at 1000°, and has given the following as the latent heats of 
other yapours. 


457°] Vapour of nitricacid . .. . 


Vapour ofalcohol . . + « 550° 
sige Cemenim nee ss se) ke Ls liquid ammonia. . . »866 
- oilof turpentine . . 184 hs MMLCRAT isi) al i ay is 903 


On the other hand, when steam is again condensed into water, it 
necessarily gives out the latent heat which was essential to its state of 
yapour, and which, being then set free, will raise the temperature of 
adjacent bodies as much more than an equal weight of boiling water 
would do, as the latent heat of the steam exceeds the sensible heat of 
the water™. 

_~ The small boiler, represented in fig. 78 may be conveniently employed 
in these experiments on the latent heat of steam. (Henry's Elem. Chem.) 

For this purpose the tube : 
e must be screwed on the 
stop-cock 6, and immersed 
into the glass of water /. 
The cock c being closed, 
the steam arising from the 
boiling water a, will pass 
into the cold water f, the 
temperature of which will 
be much augmented by its 
condensation. Ascertain the 
increase of temperature and 
of weight, and the result 
will show how much a given 
weight of water has had its 
temperature raised by a certain weight of condensed steam. To another 
quantity of water, of the same weight and temperature as that in the jar 
‘at the outset of the experiment, add a quantity of water at 212°, equal 
in weight to the condensed steam; it will be found, on comparing the 
resulting temperatures, that a given weight of steam has produced, by its 
condensation, a much greater elevation of temperature than the same’ 
quantity of boiling water. If, for instance, 100 gallons of water at 50° 
be mixed with ] gallon at 212°, the temperature of the whole will be 
raised by about 15°. But, if a gallon of water be condensed from the 


* It has sometimes been supposed 
from the low latent as well as sensible 
heat of the vapours of alcohol and ether, 
that they might be economically substi- 
tuted for steam as sources of mechanical 
power, but as the cost in fuel would be 


proportionate to the latent heat of equal 
volumes of their respective vapours it 
will be obvious from the following state- 
ment that if alcohol and ether could 
be procured as cheap as water, the latter 
would be most economical. 


Cubic feet _ Latent heat of 
1 cubic foot of of vapor. equal volumes, 
————> ed 
Water . Sr TGGDs, a teoke eee eirre 1000 
Alcohol . == 488 : 457 2:.1689 1550 
Ether . oe Ca ao 2509 


ee 


Per a aioe 
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state of steam in a still-tub containing 100 gallons of water, the water — 
will in that case be raised 11°. A gallon of water, therefore, condensed — 


from steam, raises the temperature of 100 gallons of cold water 9:5° 
more than the addition of a gallon of boiling water: consequently, if the 
heat imparted to 100 gallons of water by 10 pounds of steam could be 


condensed in 1 gallon of water, it would raise it to 950°; and a gallon of | 


water converted into steam of ordinary density, contains as much heat as 
would bring five and a half gallons of ice-cold water to the boiling-point. 
The quantity of ice which is melted by steam of mean density is seven 
and a half times the weight of the steam. | 

In breweries and other manufactories where large quantities of hot 
water are consumed, it is frequently heated by conveying steam into it, 
or by suffering steam pipes to traverse the vessels, or by employing 
double vessels. This method of warming water has also been advan- 
tageously applied to heating baths. Wheré a higher temperature than 
212° is required, it is necessary to employ steam under adequate pressure. 
The heat given off by steam during its condensation, is also often applied 
to warming air, and is at once safe, salubrious, and economical. 


Whatever may be the density of steam, the same weight contains the — 


same quantity of heat, so that distillation or evaporation at low tempera- 
tures is not attended by any saving of fuel; the latent heat is increased 
in proportion as the sensible heat is diminished. (Saarpn, Manchester 
Memoirs, 2nd series, ii.) Mr. Daniell illustrates this principle as follows. 
“Let us imagine that in a cylinder furnished with a piston we have a 
certain quantity of steam, and that it is suddenly compressed by a stroke 
of the piston into half its bulk without being reduced to the liquid state: 
it would acquire double elasticity, and its temperature would be increased. 
If we either suppose the cylinder incapable of transmitting heat, or take 
the moment instantly following the compression, before any heat has had 
time to escape, it must be evident that the sensible and latent heat 
together before the compression are precisely equal to the sensible and 
latent heat after the compression; but in the dense steam the sensible 
heat is increased and the latent heat diminished by equal quantities. 
Reversing this imaginary experiment, if we suppose only half the cylin- 
der to contain steam at 212°, and the piston to be suddenly raised so as 
to double its volume, the density will of course be reduced to half, and 


its temperature will fall, but its sensible and latent heat together will — 


remain unchanged.” Mr. Daniell quotes the following results of Clement 
and Desormes in reference to this subject. 


A certain weight of steam at 212°] 180° sensible heat. 
condensed at 32°, gives out 950 latent heat. 


1130 


— 


c : Bee i 
The same weight at 250° 4 te ae 
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The sax : ° f 68 sensible, 
me weight at 100 <TOOEe 1062 latent. 


1130 


eee 


SPONTANEOUS EVAPORATION. 181- 


“The existence of vapours of great density under high pressures and 
temperatures has been shown by the experiments of M. Cagniard de la 
Tour. (Ann. de Ch. et Phys., xxi. 127—178; Quarterly Journal, xv. 
145.) Although pressure restrains the volatilization of a liquid, it 
occurred to him that there should be a limit beyond which liquids would 
notwithstanding be converted into vapour, provided sufficient space be 
allowed for its generation. A strong glass tube, two-fifths filled with 
alcohol, and hermetically sealed, was slowly and carefully heated; as the 
fluid dilated, its mobility inereased, and when its volume was nearly 
doubled, it suddenly disappeared, and became a transparent vapour. 
The same results were obtained with naphtha and ether; the latter 
requiring less space than the former to be converted into vapour without 
breaking the tube, and naphtha less space than alcohol. The presence of 
atmospheric air in the tubes did not interfere with the results. The 
same experiment succeeded, though difficultly, with water, the tube 
containing only about one-fourth its volume. M. Cagniard de la Tour 
ascertained, by means of a mercurial gage, the pressures of the above 
vapours. Alcohol, occupying in vapour a space little more than thrice 
its liquid volume, exerted a pressure = 119 atmospheres, and required 
for its production a temperature = 405°. Ether, under the same circum- 
stances, exerted a pressure of 38 atmospheres at 320°. 'The temperature 
of the dense vapour of water was nearly that of melting zinc. 

The same general laws which preside over the formation of steam at high 
temperatures influence its production at /ow temperatures: the constitu- 
tion of vapour, therefore, is always the same. When water slowly 
evaporates under exposure to air, its vapour mixes with the surrounding 
atmosphere, and the process is usually called spontaneous evaporation; it 
takes place at all temperatures, and with a rapidity proportionate to the 
dryness of the air, and the velocity of the current passing over it: thus, 
in manufactories, where large quantities of liquids are to be evaporated, 
instead of heating them in the usual way, a current of hot air is made to 
pass over the surface of the fluid. 

As, therefore, vapour slowly formed in cases of spontaneous evaporation, 
is similarly constituted to that produced by rapid ebullition, there being the 
same loss of sensible heat in the one case as in the other, it follows that 
the exhalation of humidity which is almost constantly going on from the 
earth’s surface, must powerfully modify natural temperatures, and prevent 
accumulation of heat; the vapour forms mists and clouds, and when these 
are condensed into rain, their latent heat is again given out in the upper 
and cold regions. The conversion, therefore, of water into vapour, and 
the condensation of vapour in the form of dew and rain, is a process of 
the utmost importance, and tends considerably to the equalization of 
temperature over the globe. Dalton has shown that the actual quantity 
of vapour which can exist in any given space, entirely depends upon tem- 
perature. Thus, if some water be put into a dry flask, at 32°, very little 
vapour will be formed; it will contain more at 50° eed yet more at 70°. 
But if, being at 70°, the temperature be lowered té 32°, vapour will be 
Bouidensed) Sud the portion retained will not exceed that originally taken 
up at 32°. The actual result of these experiments is the same when the 
flask is empty as when it contains air, but in the former case the evapora- 
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tion is Most rapid, for thé ait affords some mechanical resistance to the 


distribution of the vapour. 


The following table shows the elastic force and the weight of aqueous 


vapour at different temperatures: 


Tension in inches Weight of a cubic 
Temp. of Mercury. foot. 
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The relative volatility of bodies and the elastic force of their respéctive 
vapours may be estimated by their effects upon the column of mercury in’ 
the barometer tube. ‘Thus, if we range five barometers side by side, one 
of which may servé as a standard, and then throw up a little water into’ 
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the second, alcohol into the third, 


ether into the fourth, and sulphuret _ 


of carbon into the fifth; each column 
will be depressed in proportion to the 
elastic force of the respective va~ 
pours. If the whole space above 
the mercury in each tube be equally 
heated, the increase of tension with 
increase of temperature may be mea- 
sured; but if the liquids only be 
heated, the tension will not increase; 
because the respective vapours will be 


/ 


condensed as soon as formed. 1, re= 


presents the standard barometer; 2, 
the depression by the vapour of water ; 
3; by alcohol; 4, by ether, and 5, b 
sulphuret of carbon. a 
When liquids are exposed to the 


atmosphere, evaporation is propor- — 


tionate to the surface exposed, and is’ 
therefore greatly accelerated by in- 
creasing the surface; as by exposing 
them in very shallow vessels, or suffer- 
ing them to trickle over solid bodies; 
it is also accelerated by agitating 


_ the superincumbent air; as in the case 


of a brisk wind, or by artificial means» 
when the air is tranquil, the vapour 


rests upon the surface of the water, and it is the pressure of its own’ 
vapour on the surface of a liquid, and not that of the gaseous atmosphere, 
which stops the process. The following table, drawn up by Mr. Daniell 
from thé experiments of Dr. Dalton, shows thé forcé of vapour at different 
temperatures, and the rate of evaporation per minute from a circular sur- 
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face six iiches diameter; the amounts of evaporation refer to dry air; if 
yapour be already present, as it always is in our atmosphere, the quantity 
of evaporation at any given temperature will be the quantity indicated in 
the table, minus the quantity already incumbent upon the water. (DANIELL, 
§ 196.) 


‘Femp: - Force in inches Calm. Breeze. High Wind. 
dani of Mercury. _ gs. ' 
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By inducing rapid evaporation, at common or low temperatures, we 
have it obviously ii our power to produce considerable degrees of cold. 
If 4 wet cloth is spread out in a keen wind at a temperature a few degrees 
above freezing, the water, by its rapid evaporation, soon carries off so 
much heat as to freeze the remainder, making the cloth hard and stiff by 
the formation of ice within its pores. 

There is no liquid better calculated for making experiments on the 
éold produced by spontaneous evaporation, than sulphuric ether; it is 
extremely vaporisable at ordinary temperatures, and if we pour a little 
of it into the palm of the hand, and blow gently upon its surface, we 

observe that, as it disappears in vapour, a very sensible degree of cold is 
produced. | 

If we fold & strip of cambric round the bulb of a small thermo- 
meter and suffer ether to dribble over it from a dropping-bottle, at the 

-$anie time acceletating the evaporation by blowing gently upon it with 
the mouth or & pair of bellows, we shall observe the mercury fall to 
several degrees below the freezing-point; and if we substitute for the 
thermometer a thin glass tube, containing a small quantity of cold water, 
a litilé dextefous management will enable us by the same means to 
freeze it. 7 | 
- This congelation of water by the evaporation of ether, furnishes, by 
the help of the air-pump, a very striking experiment. Provide a small 
thin glass flask, which fits tolerably close into a bell-shaped wine-glass, as 
represented by the annexed cut (fig. 80). Pour a little good ether into 
the flask, and some cold water into the wine- 

glass, so that each may stand at about the 
level a; and place the whole apparatus, thus 
arranged, Hida the receiver of an air-pump. 
During exhaustion, the ether will boil, that 
is, it will very rapidly pass off in the state of 
vapour. Now, the vapour of ether, like all 
others, requires heat for its formation, and 
this it takes from the surrounding bodies, 
and, among the rest, from the adjacent water, 


which soon freezes in conseqitence of the loss 
of that portion of heat which was essential to 


Zoe 


its fluid 


ity, but which has béen carried away and pumpéd out in the 
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ethereal vapour. It sometimes happens that the success of this experi- 


ment is prevented by the ether boiling over into the water, and. so pre- 
venting its congelation; but this may be guarded. against by putting a 
little bit of wood or paper into the ether, which causes it to boil 
regularly, and prevents sudden jets of vapour. : 

There is an experiment yet more illustrative of the absorption and 
disappearance of sensible heat during evaporation, which consists in 
freezing water by causing it rapidly to evaporate at low temperatures; it 
is performed as follows: 
upon the plate of a good 
air-pump place a flat 
shallow glass dish, a, 
about half-filled with 
sulphuric acid, and a 


copper basin, B, three 
parts filled with water, 


it (fig. 81). This basin, 


shape shown in the cut, 
may be conveniently 
supported upon three glass legs, p, standing in the acid. Over the whole, 
place an air pump receiver, not larger than requisite, and proceed? to 
withdraw the air.. We first observe the escape of air from the water; the 
thermometer gradually sinks; the water then, in consequence of the 
rapidity of its evaporation, appears to boil; and if the whole apparatus is 
in good order, it freezes in the course of five or ten minutes. The use of 


the sulphuric acid is to absorb the aqueous vapour, which it does very 


energetically, and consequently occasions a constant fresh call upon the 
water for its formation. Now we have shown that vapour cannot be 
produced without the absorption of heat; and, in the case before us, the 
heat requisite to convert one part of the water into vapour is taken from 


the other fluid portion, which, thus losing the heat that constituted its 
fluidity, becomes solid, or freezes. There is another phenomenon often 
observable in this experiment, which is, that the temperature of the water ir 


falls several degrees below the freezing-point, before congelation takes 
place; but the moment that it freezes, it rises to 32°, in consequence of 
the escape of the residuary latent heat. Leslie, who contrived this pro- 


little above it a tin or 


with a small thermo-. 
meter, Cc, immersed in — 


which should be of the 


rages 


cess, proposed it as a means of procuring ice in hot climates, and sug-. 


gested for the purpose, a large single air-pump, capable of exhausting six 
or eight receivers at a time. He has also shown, that parched oatmeal, 
and certain dried earthy substances, may be substituted, as absorbents, for 
the sulphuric acid; but they are far less effectual. . a 

Dr. Wollaston’s eryophorus, or ice-bearer, illustrates the same general 


facts, in a more simple manner than the preceding; it depends upon the 


same common principle, but the vacuum and the evaporation are brought 


about in a different way. It isa tube, having a bulb at each extremity, one 
of which is half filled with water, 
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as represented in fig. 82 ; the interior of 
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the tube is perfectly de- 
prived of air, by boiling 
the water in one of the 
bulbs till a jet of pure 
steam issues through a 
small opening left at the 
bottom of the other, which is then sealed by fusion in the flame of a lamp 
the consequence is, that the water in the other bulb is greatly disposed to 
evaporate; but this evaporation can only proceed to a certain extent, be- 
cause the pressure of vapour within the tube soon prevents its further pro- 
gress. To get rid of this, to keep up the vacuum, and to occasion a con- 
stant demand upon the water for the fresh formation of vapour, the empty 
ball is plunged into a freezing mixture, which continually condenses the 
vapour within, and so accelerates the evaporation of the water in the 
other bulb, as to cause it ultimately to freeze. The success of this exp e- 
riment, when it is attempted in a warm room, where there are several 
persons, is often frustrated by the rapid deposition of moisture, arising 
from the condensation of aérial vapour upon the water-bulb; an effect 
which may be prevented by protecting it from the free access of fresh 
portions of air, by immersion in a covered glass, as shown in the following 
sketch, fig. 83, which also represents the empty bulb surrounded by a 
freezing mixture of pounded ice and salt. The intermediate tube between 
the bulbs of the cryophorus may be of any length: about two feet is most 
convenient, for when longer it is very apt to be broken. 
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There are many cases in which we resort to accelerated evaporation, 
at common temperatures, as a source of cold, without, however, carrying 
. it so far as to produce ice. The sprinkling of floors and pavements with 
water tends to cool them and the air, by its evaporation at summer 
temperatures: wine-coolers are porous earthen vessels, which are dipped 
into water, and, during exposure to air, become cooled by its escape from 
their surfaces in the form of vapour; and in some hot climates, porous 
bottles are filled with water, and suspended in a current of air; the water 
oozes to the surface, whence it is rapidly removed by evaporation, and 
cold is consequently produced. — 3 
It will be obvious, from the facts now adduced, that all vapours may 
be considered as combinations of solids or liquids with heat, and Mr. 
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Faraday’s discoveries sanction us in regarding gases as similarly consti- 
tuted; some of these are condensible by cold, others by pressure, into the __ 


liquid state: and we thus learn that they are merely the vapours of ex- 
tremely volatile liquids, the boiling-points of which, under common 
atmospheric pressure, are, in many instances, lower than any natural 
temperatures. Under great pressure these gases may be coerced into the 
liquid state, and, upon its removal, they instantly reassume the gaseous — 
form, some with explosion, and some with the appearance of brisk ebulli- 

tion, and the production of intense cold. 

Mr. Faraday condensed the gases by exposing them to the pressure 
of their own atmospheres. He put the materials for producing them into 
a strong glass tube, a little bent in the middle, and hermetically sealed. 
When necessary, heat was applied, and when the pressure within became 
sufficient, the liquid made its appeatance in the empty end of the tubé; 
which was artificially cooled to assist in the condensation. In thesé 
éxperiments much danger is incurred from thé bursting of the tubes: 86 
that the operator should protect his face by a mask, and his hands by 
thick gloves. He succeeded in liquifying the following gases, which, as 
will be seen, require various degrees of pressure for the purpose. 


Pressure in Pressurein ye 
Atmospheres. tag | Atmospheres. ej 


Sulphurousacid . . 2 at 45° Sulphuretted hydrogen .17 at 50° 
Cnlerme - . . . 64. 60) Carbone acid 25/80): soe eee 
Oyanomer ‘2! 5° 2 EO SS. Go Pe umatic acid 60 9 ee ee 
Ammonia... .-i £65 5 50 Nitroug oxide . . - : 50 4 46 


§ 11.—Tuerory or tue Sream-Enotine. 


So many of the phenomena attendant on evaporation and liquifaction 
are illustrated by the action and principles of the steam-engine, that it 
may be worth while to refer to the construction and operation of that 
machine, as elucidating several points already adverted to. 

The action of the steam-engine depends principally upon the two 
leading properties of steam which have been dwelt 
upon—namely, its expansive force, and its easy 
condensation. 'To take the most simple view of 
these as moving powers, let a, fig 84, represent 
a glass tube with a bulb at its lower end. Itis held 
by a ring and handle 6, and contains a piston c, . 
which, as well as its rod, is perforated, and may 
be opened or closed by the screw at top d: it is 
kept central by passing through a slice of cork at — 
e. When used, a little wateris poured into the — 
bulb, and carefully heated over a spirit-lamp; thé 
aperture in the piston-rod being open, the air is 
thus expelled, and when steam freely follows it, 
the screw may be closed, when, on applying cold 
to the bulb, the included steam is condensed, and 
a vacuum formed, which causes the descent of the 
piston, in consequence of the air pressing upon if 
from abové. On again holding thé bulb over the 
lamp, steam is réproducéd, and the piston again 
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forced up; and these alternate motions may be repeatedly performed 
by the alternate applications of heat and cold. This instrument gives a 
tolérably correct notion of the application of steam in the old engines, where 
it was employed conjointly with the air’s pressure as a moving power. 

In the most perfect construction of Watt's engine; steam is exclusively 
employed both for elevating and depressing the piston; and the follow- 
ing diagrams and description may perhaps enable the reader to under- 
stand the very ingenious method in which it is thus applied:—(See figs. 
85 and 86.) 
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a is the stéam-pipe issuing from the boiler, and so contrived as alternately to deliver 
_ stéam into the cylinder 6, above and below the piston ec. 

b is the main cylinder of the engine. } 

eis the piston, with the piston-rod passing through an ait-tight collar at the top of 
the cylinder; which is commonly called the stufing-box. . 

d is the eduction-pipe; by which the steam, having performed its duty in the cylinder, 

_. makes its escape into the condenser. _ 

e is the condenser, immersed up to the level g, ina cistern of cold water. Pee | 

f, the injection-cock, by which a small jet of cold water is admitted into the condenser, 

hk; a pipe communicating with a pump called the air-pump, by which the condensed 
steam and injection-water are continually pumped. out of the condenser: it 
also pumps out the air, and keeps a constant vacuum in the cylinder and 

_. eondenser, = _ 4 . . ‘ 

i represents the moveable plug of a cock which has two passages, and which opens 
alternate communications with the steam-pipe and the eduction-pipe. In 
fig. 1, this plug is shown in the position which admits the steam to pass into the 
cylinder above the pistom: in fig. 2, the plug has shifted its position, and now 
admits the steam to pass into the cylinder Jelow the piston: in the former case 
the condenser is open to the space below the piston; in the latter, to the space 
above the piston. 
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Let us now suppose a vacuum to exist in the cylinder b; the steam passes” 


through the pipe a, in the direction of the arrows (fig. 85), and entering 
the cylinder above the piston, immediately forces it downwards. The 
piston having reached the bottom of the cylinder, the plug of the cock z 
shifts its position, and is now as represented in fig. 86; the steam enters as 
before at a, and passes in the direction of the arrows to the bottom cylin- 
der, so as to elevate the piston. It is obvious that this action could not 
take place unless the steam, by which it had previously been depressed, 
were removed; this therefore makes its escape by the eduction-pipe d, 
(fig. 86), and passes into the condenser e, where it reverts to the state of 
water, which is got rid of by the air-pump through the pipe h (fig. 85). 
The piston being now in the position represented in fig 85, and the plug 
having again shifted its position, the steam enters above the piston as before, 
while the space under the piston has now a free communication with the 
condenser by the eduction-pipe d; so that the steam, which had first been 
active in raising the piston, is not in the way of its depression. I have 
here represented and described what may, perhaps, be called the simplest 
form of this engine, in order to render its principle as intelligible as 
diagrams admit. Instead of the four-way plug 2, sliders or sliding-valves 
are generally used, as being less liable to wear, and more easily kept air- 
tight; but in all cases the same alternate communication with the boiler 
and with the condenser is effected. 


§ 12.—Raprant Matter. Rer.ection AnD ReFraction oF Licut. 


Or the substances belonging to our globe, some are of so subtile a 
nature as to require minute and delicate investigation to demonstrate their 
existence; they can neither be confined nor submitted to the usual modes 
of examination, and are known only in their states of motion, as acting 
upon our senses, or as producing certain changes in the more gross forms 
of matter. They have been included under the general term of RaprAnr, 
ImponpERABLE, or ErHErEaL Marrer, which, as it produces different phe- 
nomena, must be considered as differing either in its nature or affections. 
Respecting the nature of these phenomena, two opinions have been enter- 
tained, and each ably supported. It has been supposed by Huygens, 
Kuler, and Descartes, that they arise from vibrations of a rare elastic 


medium which fills space; while Newton has considered them as resulting 


from emanations of particles of matter. The former opinion has been 
ably advocated by Dr. Young, who has selected from Newton many pas- 
sages favourable to the undulatory theory, and has shown that it explains 
phenomena not easily consistent with the theory of radiating par- 
ticles. (Youne’s Nat. Phil., ii., 631. See also Fresnel’s Exposition of the 
Undulatory Theory in the first volumes of the Quarterly Journal, N.S.) 

It may suffice here merely to advert to these opinions, without touching 
upon the reasoning by which they are respectively supported, and which 
has no immediate connexion with chemical science: there are, however, 
certain affections and effects of light, and of the heat that radiates from 
the sun, and from terrestrial bodies, which form an important part of 


chemical philosophy, and constitute one of the principal links by which it 
1s connected with physical inquiries. : 
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The phenomena of vision are produced either by bodies inherently 
luminous, such as the sun, the fixed stars, and incandescent substances; 
or they are referable to the reflection of light from the surfaces of bodies. 
It is thus that the objects around us are visible by reflecting the sun’s 
rays in the day-time, but become lost in obscurity when that luminary 
sinks beneath the horizon. The manner in which the eye is affected by 
luminous bodies, shows that light is transmitted in right lines, and every 
right line drawn from a luminous body to the eye is termed a ray of light; 
and, as a congeries of rays possesses the same properties as the single 
ray, the same abstract term is frequently employed to designate the 
congeries, which is also called a pencil of rays. 

_ The discoveries of Roemer, (Phil. Trans., vol. xii.,) and of Bradley, 
(Phil. Trans., vol. xxxv. and xlv.,) have shown that the motion of light 
is progressive, and that it is about eight minutes and thirteen seconds in 

_ passing from the sun to the earth, so that it may be considered as moving 
at the rate of 192,000 miles in a second ; and, in the language of Hers- 
chel, (Discourse on the Study of Natural Philosophy, p. 23,) it performs 
the tour of the world “in about the same time that it requires to wink 
with our eyelids, and in much less than a swift runner occupies in taking 
a single stride.” It is with extreme difficulty that we can conceive either 
emanations of matter or ethereal undulations to assume such extreme velo- 
city, for, in the former case, how inconceivably minute must particles be, 
not only toimpinge without injury upon terrestrial objects, but even to 
fall without pain upon our delicate sensual organs; and in the latter, how 
subtile and attenuated must be the medium by or through which the 
vibratory impulses are communicated. 

We get some notion of the velocity of light by comparing it with 
the progress of sound, which moves at the rate of about 1000 feet in a 
second, or 760 miles in an hour; yet, its comparatively tardy progress is 
recognised, in observing the time that elapses between the flash and the 
report of a gun fired at a distance; the latter reaching the ear some 
time after the former comes to the eye; a period of nearly five seconds 
elapses when the gun is only a mile off, and we are thus enabled 
with some degree of accuracy to calculate the distance of luminous 
phenomena attended by sound; the varying time that elapses between 
seeing a flash of lightning and hearing the thunder is another familiar 
instance, and from it we infer the distance and course of the electric 
discharge. 

_ Although, therefore, the sun is so far distant from the earth, that a 
cannon-ball, proceeding with its greatest speed, would be twenty years in 
reaching it*, and, that although almost a million times larger than the 
earth, its magnitude, as viewed from the earth, scarcely exceeds that of 
the moon, which is not much more than one-fourth the diameter of our 
globe, (the former 2160; the latter 8400 miles; the diameter of the sun 
being 882,000 miles,) yet, such is the velocity of light, that a flash of it 
from that luminary would be seen in little more than eight minutes after 


* “The earth, moving at the rate of | eight minutes. The subsequent disco- 
nineteen miles in a second, would take | very of the aberration of light confirmed 
two months to pass through a distance | this astonishing result.”—Mrs, Somrer- 
which a ray of light would dart over in | viniE, 
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its emission; whereas, the sound evolved at the same time (supposing a — 


- 
i 
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medium like air capable of conveying sound between the sun and the 


earth, and the distance 95 millions of miles) would not reach us in legs q 
than 14 years and 87 days. It is evident, therefore, that certain astro- ; 


nomical phenomena are not visible upon the earth, till a certain time after — 


their occurrence; and it was this observation,-as applied to the eclipses of 


rane oad 


Jupiter’s satellites, that formed one of the data upon which the velocity of — 


light was determined, and which led to the discovery of its progressive — 


motion. The earth’s motion, in reference to that of light, gives rise to 
the phenomena of aberration, for the earth will have moved a certain 
distance in her orbit during the time that a ray of light, which renders a 
star visible, is passing from it to the observer; consequently the apparent 
differs from the real place of a star. . 

Some bodies intercept light, or are opaque; others allow its transmis- 
mission, or are dransparent; and there are gradations from perfect opacity 
to nearly perfect transparency, as we see in_semitransparent or trans- 
lucent bodies. 

But although weare in the habit of using the terms perfect transparency 
and perfect opacity, such states do not in fact. exist; for the air, glass, 
water, and similar media, all arrest or absorb certain portions of light; 
whence it is inferred that perfect darkness may prevail in the depths of the 
ocean; and on the other hand, that the most opaque substances, if suffici- 
ently attenuated or extended, would transmit light, as is the case with 
gold, and with exceeding thin laminz of some other metals. 

The transmission of light in right lines is evident from the phenomena 
of the shadows of opaque bodies, and its intensity diminishes as the 
squares of the distance. Thus, if an 
opaque screen one foot square be placed 
at a certain distance from a light, a, it 
will exactly shadow a second sereen, two 
feet square at double the distance; a 
screen three feet square at thrice the dis- 
tance, and one of four feet square at four times the distance; that is, 
the light concentrated upon the first screen would extend itself over four 
times the space, if suffered to fall upon the second, over nine times upon 
the third, and over sixteen times upon the fourth. . 7a 

Rerraction or Ligur.—When a ray of light passes through the same - 
medium, or when it passes perpendicularly from one transparent medium’ 
into another, it continues to move without changing its direction; but 
when it passes obliquely from one medium into another of a different 
density, it is thrown more or less out of its old direction, and is said to 
be refracted. The refraction is towards the perpendicular when the ray 
passes into a denser medium, and from the perpendicular when it passes 
into a rarer medium. The medium in which the rays of light are caused 
to approach nearest to the line perpendicular to its surface, is said to have 
the greatest refractive density. 3 
pated the following diagram, fig. 88, a represents the oblique ray passing 
through air, and entering water at 6, and glass at c, and emerging into the 
air at a’. p.p is a perpendicular line, towards which the ray is refracted, in 


the medium 4, and to a still greater extent in the denser medium c 3 but © 


aye 


it will suffer a deflection in various parts 
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on again emerging into air ata’, it turns 
from the perpendicular, and resumes its — 
former line,of passage. 

We accordingly find that when the ray 
a traverses one and the same medium, 
differing in different parts in its density, 


of its course proportionate to the density 
ofthe medium, We know that the density 
of the atmosphere is greatest at the earth’s 
surface, and that it decreases as we ascend, 
gradually becoming more and more attenuated; hence, supposing the 


‘temperature uniform, the refractive power of the atmosphere would be 


greatest at the earth’s surface, and gradually diminish as we recede from 
it; a ray of light, therefore, passing obliquely from a celestial object and 
falling upon this variable atmosphere, would be gradually more and more 
bent in its passage through it, and move in a curved line, exactly 
as if the atmosphere consisted of an infinite number of layers, gradually 
increasing in density from above downwards. 

_ It is this deflection, or refraction of light, that causes bodies to appear 


bent or distorted when viewed through transparent media, such as water 


or glass: an object, for instance, seen through a prism, seems more or 
less thrown out of its real place; and a stick, plunged into water, looks as 
if it were bent or broken. For the same reason, a piece of money, placed 
at the bottom of a basin, appears to be raised when water is poured 
upon it; so that if, in the first instance, the eye be so placed, in reference 


to the edge of the basin, as just to see the further edge of the coin, on 
pouring water into it, the whole of it will be visible: by spirit of wine it 


will appear to be still more raised than by water; and by oil, more than 
by spirit. 

In viewing objects, therefore, through refracting media, they are 
always more or less thrown out of their real places; and, in consequence 
of atmospheric refraction, the sun and stars are visible before they actually 
emerge from, and after they have sunk beneath, the horizon; and as, on 
the one hand, in consequence of the progressive motion of light, and the 
great distance of the objects, celestial phenomena are not seen till an 
appreciable time after their actual occurrence; so, on the other, in conse- 
quence of refraction by the atmosphere, they are not seen in ltheix real 
places; with the exception, indeed, of starsin the zenith. These displace- 
ments are so trifling as to be disregarded in ordinary cases, but they require 
strictly to be taken into the account in astronomical calculations. 

The ultimate direction of a refracted ray of light is influenced by the 
relative position of the surface of the refractor, both at its point of entrance 
and exit. Thus by refraction at convex surfaces the rays may be con- 
verged to a focus, as by a common lens, the refraction in these eases taking 
place, as if each ray fell upon a ‘plane surface tangent to the curve at the 
point of incidence. 


The density of bodies is by no means the only cithaniedance that affects 


_ their refractive power, it also depends upon their chemical nature; and, 
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generally speaking, those substances have the greatest refractive power 
which are combustible, or which contain an inflammable basis. Nor is 
the refractive power of compounds the mean deduced from that of their 
components; which, however, it generally is, in mere mixtures. Hydrogen, 
sulphur, phosphorus, diamond, bees’--wax, amber, oil of turpentine, 
camphor, linseed oil, and olive oil, have refractive powers from two to 
seven times greater in respect to their density than those of most other 
substances. Newton, observing the high refractive power of the diamond, 
inferred that it was “‘an unctuous substance coagulated,” long before its 
combustibility and real nature were known. This law seemed at one 
time to be opposed by an observation of Dr. Wollaston respecting phos- 
phorus, which led him to ascribe to it a low refractive power; but Sir D. 
Brewster, confiding in the truth of the generalization, found, by forming 
it into prisms and lenses, that its refractive power was double that of the 
diamond when compared with its density. The following is a table of the 
refractive powers of many of the gases and vapours, that of atmospheric 
air being 1000, from the experiments of Dulong.—( Bulletin Philom. 1825; 
Ann. de Ch. et Phys., xxxi., 154; Gmelin Handbuch, i. 139.) If the re- 
fractive power is directly as the density and inflammability (implying by 
that term, attraction for oxygen or electro-positive power,) it is, perhaps, 
= the product of the density into the inflammability; in which case the 
latter will be found by dividing the refractive power by the density; and, in 
column &, hydrogen presents itself as the most electro-positive, and oxygen 
as the most electro-negative, body, and the other quotients agree with 
this, excepting nitrous oxide, which appears more electro-positive than 
nitrogen. It appears from column ¢, that the actual refractive power of a 
compound exceeds the calculated, when the compound is neutral or 
alkaline, but falls short of it when it is acid, which also indicates an 
electro-chemical relation to it. 


A B C ‘D E 
Air . . . . - 1:000 1-000 ; 
Oxygen : . . ° 0:924 1°103 0°83 
Hydrogen 3 : ° - 0470 0:068 6°89 
Steam : ; . , 1-000 0°933 0°625 1:60 
Carbonic oxide : . - 1157 0°972 1:19 
Carbonic acid , . : 1:526_ 1°619 1:524 1:00 
Olefiant Gas. ; : « --2°302 0°980 2°35 
Carburetted hydrogen . : 1-504 0°559 2°69 
Sulphuretted hydrogen . - 2187 1:178 1°85 
Sulphurous acid . 4 . 2°260 2:247 1-01 
Sulphuret of carbon vapour . 5179 2°644 1:96 
Chlorine . ; . . 2°623 2°470 1:07 
Muriatic acid gas. : - 1527 1°547 1:254 1:22 
Phosgene gas - . ‘ 3°936 3°784 3°442 1-14 
Nitrogen : ° . - 1:020 0-976 1:04 
Nitrous oxide : , ; 1:710 1:482 1-527 ee bs 
Nitric oxide. ‘ : . 1030 0°972 1:039 0:99 
Ammonia . . ° : 1°309 1:216 0°591 2°22 
Cyanogen . ‘ 3 re B38 1°818 1°55 
Hydrocyanic vapour . 1531 1°651 0°944 1°62 
Alcohol vapour : 3 . 2°220 1613 137 
Ether vapour ; 5280 2°580 2°05 


Muriatic ether vapour, ~ 3720 3°829 2234 1°67 
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-are both in the same line, though in oppo- 
‘site directions, and they are confounded 
together. The ray therefore which appears 
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[In the preceding column A specifies the gas, B its refractive power determined by 
experiment, air being = 1. C shows the calculatedrefractive power, deduced 
from that of the component gases. D the density compared with air. E the 
quotient of the refractive power divided by the density. ] 


The following are the refractive powers of several gaseous bodies, 


from the experiments of Biot and Arago, at the temperature of 32° F., 


and under mean barometrical pressure, corresponding to column E of the 


_ preceding table. 


Atmospheric air : . 100000 ; Ammonia - ‘ . 2°16851 

Oxygen q ; . - 0°86161 | Carbonic acid. : 1:00476 

Nitrogen. . ; - 1:03408 | Carburetted hydrogen . 2°09270 

Hydrogen . : ° 661436 | Muriatic acid gas 1°19625 

Dr. Wollaston invented an apparatus in which, by means of a rect- 
angular prism of flint-glass, the index of refraction of substances may be 
read off at once by a vernier, the three sides of a moveable triangle per- 
forming the operation of reduction in a very compendious manner. As 


the chemical constitution of bodies may in many instances be inferred © 
_ from their refractive power, Dr. Wollaston has suggested the application 


of such an instrument for discovering the purity of essential oils: in oil 
of cloves, for instance, he found a wide difference in refractive power, 
that of the genuine oil being as high as 1°535, while other samples did 
not exceed 1°498, and were probably adulterated. (Phil Trans. 1802.) 
In thus employing this instrument, however, it must be recollected that 


‘the refractive power of the same oil distilled at different times will vary, 
this, at least, I have found to be the case with oil of peppermint. 


_ The following table shows the refractive powers of several liquids and 
solids.—(DaAniEL1, § 225.) 


Sulphuret of Carbon . . 1'678 | Chromate of lead : . 2°974 
Vole balsam * "°° ; 1628 | Diamond. : ee 24gg 
Castor oil . : : . 1490 | Phosphorus. : ; «1 21224 
Almond oil . ‘ : 1:483 | Calcareous spar ‘ : 1°654 
Oil of turpentine : . 1475 | Quartz : é ; . 1548 
Sulphuric acid . : ; 1°434 | Rosin : : : : 1°559 
Aleohol . : ; wy) f'372 7 BOCK salt) (: : * oo 1657 
Ether .. 5 5 . 1:358 | Ice . : ; : . 1:308 


NV ker yi) 3 ; : . 1:335 | Tabasheer - : : 1-111 


ReFection oF Ligut.—When the rays of light arrive at the surfaces 


of bodies, a part of them, and sometimes nearly the whole, is thrown back, 
or reflected, and the more obliquely the light falls upon the surface, the 


greater in general is the reflected portion. In these cases the angle of 
reflection is always equal to the angle of 
incidence. Suppose a ray of light to im- 
pinge perpendicularly upon the surface of 
a mirror, as at » m, but one ray is seen, 
for the ray of incidence and that of reflection 


single, is, in fact, double, being composed of the incident ray proceeding 

to the mirror and the reflected ray returning from it. These rays may, 

however, be separated by so holding the mirror that the incident ray, 
oO 
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thrown off in the opposite direction. If a line be drawn from the point — 


-2 ‘ wae ° \f a, Lee ; 
of incidence, perpendicular to the mirror (as the line mr), it divides 
the angle of incidence from the angle of reflection, and both are seen — 


to be equal. 


When rays of light fall upon a concave mirror, they are reflected as if < 


from a series of planes tangents to that surface, and may thus be con~ 
verged to a point or focus; when, on the other hand, the rays fall upon a 


convex mirror the convergency of the rays is diminished, and their 


divergency increased. 


§ 13.—DovsLe REFRACTION AND PoLARIZATION oF Liqgut. 


In all cases of the ordinary refraction of light, the ray by which we 
see an object through a refracting medium, although bent, yet, in pur- 
suing its course to the eye, does not quit a plane perpendicular to the 
refracting surface: the plane in which the eye, the object, and the point 


on the surface of the medium in which the object is seen are contained, 
is an upright, or vertical plane. (See Hurscuer's Discourse, p. 30.) 


But there are certain crystalline substances, as rock-crystal, &c., but 


especially Iceland spar, which possess the remarkable property of doubling — 


the image, seen through them in certain directions; so that, instead of 
seeing one, we see two, side by side, when such a erystal is opposed 
between the object and the eye: and if a ray, or small sunbeam, be 
thrown upon a surface of this substance, it will, on traversing it, be split 
into two, making an angle with each other, and each .pursuing its own 
separate course. | 


Haying obtained a rhomb of Iceland spar, fit for these. experiments, a 
place it, as shown in fig. 90*, above a sharp line, and look throughit with — 


the eye about r. The line will appear doubled, like mnpq. So also a 


dot will be doubled, as eo. If we cause a ray or pencil of light, rn, 7, to fs 
fall upon the surface of the rhomb. it will be separated into two rays — 


or pencils, 70, re each of which will emerge from the rhomb at o and e, 


in the directions oo and — 


ee’ parallel torr. The 
90 fered double refraction in 


and as the very same phe- 
nomena will take place by 
making the ray Rr fall at 
the same incidence and in 
the same direction, rela- 
tive to the summit a, upon 
any point of the faces, it 
is manifest that the double 


bd ad 2 is ° ° ‘ ° e . > oe i 4 
refraction cannot arise from any difference of density in different parts of 


the rhomb. 


of light, 


passing through the rhombh: — 


ray Rr, therefore, has suf- _ 


a 


4 
i 
4 


a 


* See Library of Useful K nowledge, on the double refraction and polarisation . 
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Of the doubly-refracted rays, ove always appears to follow the same 
tule as if the substance were glass or water, and retains the plane per- 
pendicular to the refracting ative: the other ray, on the contrary, which 
is therefore said to have undergone eatraordinary refraction, does quit 
that plane, and its deviation becomes subject to a new law. It has, 
however, been demonstrated by Fresnel, that in the greater number of 
instances of double refraction by crystalline bodies, neither of the i images 
follows the ordinary law, but both undergo a deviation from their original 
plane, and acquire new properties, and this is the case with respect to 
-Iceland crystal, as we shall presently find; we may, however, continue 
the terms ordinary and extraordinary ray, ‘ie convenience sake. 

Some remarkable effects accompanying double refraction, led Newton 
to conceive the singular idea, that a ray of light, after emerging from the 
crystal, acquires sides; that is, distinct relations to surrounding space, 
which it carries with it through its whole subsequent course, and which 
give rise to all those complicated and curious phenomena now known 
under the term polarization of light. This idea, however, appeared so 
extraordinary, and as Sir J. Herschel remarks, offered so little handle for 
further inquiry, that the subject dropped, till Malus, in 1810, announced 
the discovery of the polarization of light by ordinary reflection, at the 
surface of a transparent body. He found that when a beam of light 1 is 
reflected from the surface of such a body, at a certain angle, it acquires 
the same singular property which is impressed upon it in the act of double 
refraction, and the phenomena of polarization are in this way more con- 
yeniehtly exhibited*. 

| In general, when a ray of light is reflected from a pane of ilaeaealaat 
ror other polished surface, it may be reflected a second time from another 
surface; it will also pass freely through transparent bodies: but if a ray 
of Wight be reflected from a pane of plate-glass, at an angle of 57°, it is 
rendered incapable of reflection at the surface of another pane of glass, in 
certain definite positions, but is reflected by it in other positions: it also 
loses the power of passing through some transparent bodies in certain 
_ positions whilst in others it is freely transmitted by them. 

it a prismatic crystal of transparent brown tourmaline, be cut longi- 
tudinally (that is parallel to the axis of the prism) into plates about He } 
thirtieth of an inch thick, and the surfaces polished, luminous objects 
may be viewed through them. If one of these plates be held perpendi- 
 cularly between the eye and a candle, and turned slowly round in its own 
plane, no change will take place in the image of the candle; but, if the 
plate be held in a fixed position, with its axis or longitudinal ‘section ver- 
tical, when a second plate is interposed between it and the eye, parallel 
to the first, and turned slowly round in its own plane, a remarkable change 
is observed in the nature of the light; for the image of the candle vanishes 
and reappears alternately at every quarter of a revolution of the plate, 
varying through all degrees of brightness, down to total, or almost total- 
evanescence, and then increasing again as it had before decreased. These 
appearances depend upon the relative position of the plates : when their 
longitudinal sections are parallel, the brightness of the image “is: at: its 
* The following details connected aie SOMERVILLE’s Connexion of the Physical 


. this subject, I have abridged from Mrs. | Sciences, Section xxii. 
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maximum, and when they cross at right angles it vanishes. Thus, the — 
light, in passing through the first plate of tourmaline, has acquired a pro- 
perty totally different from the direct light of the candle: the direct ray 
would have penetrated the second plate in all directions, whereas the 
refracted or polarized ray penetrates it in certain positions only, and in 
others is wholly obstructed. The plate of tourmaline therefore becomes, if 
when applied as above directed, a test of the polarization of the ray. | lt a 
we now look at the two images produced by the Iceland spar, through a a] 
plate of tourmaline, it will be found, that as the tourmaline revolves, the = 
images vary in their relative brightness; one increases in intensity till it — 
arrives at a maximum, whilst the other diminishes till it vanishes, and so — 
on alternately at each quarter of a revolution, showing that both of the — 
images are polarized in opposite directions, for in one position the tour- : 
maline transmits the ordinary ray, and reflects the extraordinary; and _ 
after revolving 90°, the extraordinary ray is transmitted, and the ordinary 
ray is reflected. | 
If a pane of plate-glass, with its lower side blackened, or lying upona 
piece of black cloth, be placed on a table, and a candle near it, the rays _ 
of which fall upon the glass at an angle of 57°, it will be found that they ; 
are reflected from the surface in a polarized state, for, on viewing the a 
a 


| 


image through the revolving slice of tourmaline, it will disappear at every 
quarter of a revolution. It is also found that this polarised ray is inca- 
_ pable of being reflected a second time from another plate of glass, placed 
at the same angle. If, for instance, the second plate he so placed as to ~ 
make an angle of about57° with the reflected ray, the image of the first pane _ 
will be reflected in its surface, and alternately illuminated or obscured at 
every quarter of a revolution of the second plate, according as its plane 
of reflection is parallel or perpendicular to the plane of polarization. 
Hence, polarized light is shown to be. incapable of reflection in a plane at 
right angles to the plane of polarization. These, and some other curious _ 
phenomena of polarized light are easily shown by the following arrange- _ 
ment of apparatus. Let two plates of glass, blacked on the back, ac, be — 
arranged as in the following diagram, fig. 91, so that the rays from a 
candle at r, falling upon the first or polarizing plate, a, at its angle of — 
polarization, may not be reflected by the second or analysing plate, c. — 
‘This adjustment may be made by looking into c in the direction of Fc, 


nd 


; 
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and finding the image of the candle wanting; then take a thin film of 
mica, or sulphate of lime, DEFG, and place it between the two plates, — 


” 
er 
. 


| perpendicular to the polarized ray. It will then be found, on turning this 
plate upon its axis, that the image of the candle disappears, and reappears 
at each quarter of a revolution; or, in other words, that in certain posi- 
tions it depolarizes the ray. Common glass is generally incapable of 
effecting this depolarization, but it acquires the depolarizing power when 
submitted to pressure, or heated, or when it has been heated and very sud- 
denly cooled; the influence of its particles upon those of light becoming 
then analogous to crystallized bodies. If we now view the polarized 
. Image through a plate of tourmaline, with the interposed plate of mica, a 
succession of beautiful colours will appear in certain positions of the 
mica, depending upon the thickness of the plate: these colours succeed 
each other in definite order, and are complementary to each other. 
Different reflecting surfaces polarize light at different angles: thus the 
angle for water is 53° 11’; for glass 56° 45’; for rock crystal 56° 58’ ; 
for Iceland spar 58° 51’; for diamond 68° 1’; for sulphur 63° 45’. ih: 
In, the preceding details, my object has been merely to explain the 
meaning of the term polarization, as applied to certain properties of light; 
_ those who would pursue the inquiry will find it amply treated of in the 
communications of Sir David Brewster to the Royal Society (Phil. Trans. 
1813, &c.), and in various treatises to which references are given in the 
authorities which I have had occasion to quote. I must also refer to the 
same sources, for the discussions to which the investigations connected 
with the subject have given rise, respecting the nature of light; they are 
extremely curious and important, especially as illustrative of the appli- 
cations of the undulatory theory. : 
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. ‘ § ]4.—Decomposition or Lieut. 
|. Tuat a sun-beam, in passing through certain dense media, gives rise 
_ to a series of brilliant tints, similar to those of the rainbow, was known in 
the earliest ages, but Newton first explained and investigated the phe- 
nomena. He admitted a ray of light, r, fig. 92, through a hole in the 
window-shutter, w, of a dark room, and caused it to fall upon a glass 
prism, Pp, by which it was refracted, and resolved into seven colours, which 
formed an oblong image or spectrum upon the white screen, s, in the order 
represented, namely, red, orange, yellow, green, blue, indigo, and violet, 
Had the ray proceeded 
straight onwards it would 
have formed a luminous 
spot at x, it is, therefore, 
seen that of these co- 
- louredrays, the violethave ¥ 
undergone the greatest 
refraction, and the red = /¥s«" 
the least, and that they 
are arranged in the order ae 
of their refrangibility. . x 
Newton submitted each fea | 
of these rays to repeated refractions, but found that they were not resolvable 
into simpler colours; but, on causing them to pass through a second prism 
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in an inverted position @, ot by collecting them into one focus by means 
of a lens, they were reunited and again produced white light ; whencehe 
inferred white light to consist of these seven simple or primitive colours. 
With the prism which he used, (of flint glass,) the respective lengths of 
the colours (dividing the spectrum into 360 parts) were as follows:— 


red 45, orange 27, yellow 40, green 60, blue 60, indigo 48, violet 80. 
“These spaces, however, cannot be very accurately defined, as the colours — 
imperceptibly shade into each other: they also vary with prisms of dif- 


ferent substances. The composition of white light by the union of the AS 
above colours, may be also shown by mixing seven different powders, — 
having the colours and proportions mentioned; or more readily, by paint= 
ing the rim of a wheel with the seven colours, which, when in very rapid 
motion, appears white, or nearly so”. hy 
The colours of bodies were referred by Newton to their relative 
absorbent and reflective powers, in respect to these rays; he supposed 
black surfaces to absorb, and white to reflect them all, and that other 
colours are produced by the absorption of all the rays except those of the 
observed colour, which are presumed to be reflected. And in respect to — 
transparent media, those which are colourless suffer the light to pass un- 
changed, while those which are coloured, transmit some rays, and absorb_ # 
others. The absorption of coloured rays, therefore, by certain media, _ 
furnishes another means of analysing light, and from experiments con- 
ducted in this way, Sir David Brewster has been led to conclude that the . 
only colours of the spectrum which can properly be called szmple, are the { 
red, yellow, and blue; that they are concentrated in those parts of the ‘ 
spectrum where each appears, but that they are also spread more or less _ 
over the whole, and that the orange results from a mixture of red and ; 
yellow; the green, from a mixture of yellow and blue; and the violet and _ 
indigo. from red and blue, with a trace of yellow. : 
The length of the spectrum depends upon the nature of the prism or — 
refracting medium; thus, if obtained by a hollow prism of glass, filled — 
with oil of cassia, it is much longer than when glass only is used; hence 
the oil of cassia is said to disperse the rays more than glass, or to havea 
greater dispersive power. In such cases, also, the coloured spaces bear a ¥ 
very different ratio to each other. | re z 
It appears from the experiments of Sir W. Herschel, (Phil. Trans.; 
1800,) that the greatest illuminating power of the spectrum is in the RY 
brightest yellow, and that it decreases towards either extremity, the blue > 
and red being nearly equal, and the violet inferior to both. | 
A curious fact respecting the prismatic spectrum, when very perfect, 
and the sunbeam small, was discovered by Professor Frauenhofer, of f 
Munich; he observed it to be irregularly subdivided by a number of black 
lines; they are so narrow as to escape observation without great care; 
they are seen when the spectrum is received upon the object-glass.of a 
telescope, or by viewing a narrow slit between two nearly-closed shutters, 


* The impression of light upon the | time, appears not a8 a point, but as a 
retina of the eye continues for about an circle of light, the impression. made on 
eighth part of a second, so that a lumi-| it in every point of its revolution being 
nous point revolving with a velocity suf- | retained for the above time. wo ES 
ficient to complete the circle withii that : 
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through a very perfect prism, held close to the eye, with its refracting 
angle parallel to the line of light. They are always found in the same 
parts of the spectrum, of the same breadths and intensities.. They are 
very niimierous, amoutiting to some hundreds; from these, Frauenhofer 
selected seven; and determined their distances so accurately, that they 
form invariable points of reference for measuring the refractive powers of 
different media. They are also seen in the light of the stars, in electric 
light, and in the flame of combustible substances, though in each ecase_ 
‘differently arranged, each having a system of them peculiar to itself, and 
retaining thé same under all circumstances. | 


§ 15.—Cnemicat Errecrs or tHE Sonar Rays. 


Tue object of the preceding sections has been to give an outline of 
the principal physical properties of light, or at least of such of them as 
have bearings upon chemistry. We may now proceed to the considera- 
tion of some other phenomena connected with, or dependent upon, the 
Solar rays. 5 a | 

FE No one can have failed to observe the differences between vegetables. 
thriving in the full enjoyment of solar light, and those which grow in 
obscure sittiations, or which are entirely deprived of its agency. The 
forme? are of brilliant tints, the latter dingy and white; in the one, the 
various secretions come to perfection; in the other they are either modified 

or disappear. Of this, nuietous familiar instances might be cited, espe- 
cially among our esctilent vegetables. The shoots of a potato produced 

in a dark cellar are white, straggling, and differently formed from those 
which the plant exhibits under its usual circumstances of growth. Celery 
is cultivated for the table by carefully excluding the influence of light 
upon its stem: this is effected by heaping the soil upon it so as entirely 

to screen it from the solar rays; but if suffered to grow in the ordinary 
way, it soon alters its aspect, throws out abundant shoots and leaves, and 
instead of remaining white and of little taste, acquires a deep green — 
eolour, and a peculiarly bitter and nauseous flavour. The interior, or 
heart of etidive is not eatable, unless protected from light; if exposed to 
it, it becomes disagreeably bitter and tough. The heart of the common 
eabbage is another illustration. The rosy and coloured aspects of the side 
of fruits éxposed to the stin are referable to the same cause. Changes 
yet more remarkable have beén observed in plants vegetating entirely 
out of the access of light. In visiting a coal mine, Professor Robinson 
found a plant with 4 large white foliage, the form and appearance of which 
were quite new fo him: it was left at the mouth of the pit, when the 
subterranean leaves died away, and common tansy sprung up from the 
root. 
In the animal creation the influence of light is equally evident. It is 
eurious to remark the dull and dingy tints of polar and subterranean 
animals, as contrasted with the gaudy and brighter colours of those which 
inhabit the tropical regions of the globe, and enjoy the full sunshine. In 
the human speciés, too, a due quantity of light is requisite to health; 
miners are generally pallid and unhealthy; and the inhabitants of the 
_dark alleys and courts of London indicate a similar want of its beneficial 
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influence; though in these cases, bad air and poor diet also contribute — 
to want of health. hed . oa 

In reference to the above and other effects of light upon plants, there = 
can be little doubt that they chiefly depend upon its power of modifying % 


—- 


the chemical changes, which are constantly carrying on in the vegetable — 
kingdom; but the common operations of the laboratory furnish us also — 
with some striking illustrations of the influence of light in promoting the — 
chemical agencies of bodies. Di SF 
Hydrogen and chlorine are two gases, which, when mixed and kepta 
in the dark, are nearly without action; but if exposed to the light of day, — 
‘they soon act upon each other, and unite to form hydrochloric acid ; andif ' 
the sun shines directly upon the bottle containing them, it not unfre- 4 
quently happens that they inflame and explode in consequence of the — 
energy imparted to their attraction by the solar rays. We have an ~ 
analogous instance in chlorine and carbonic oxide gas, which, when mixed 
together, remain without action till exposed to light; they then combine 
chemically with diminution of volume, and produce a compound, which, — 
from the mode of forming it, has been termed phosgene gas. In the — 3 
same way also, chlorine and water react rapidly upon each other in the ~ 
sunshine, forming hydrochloric acid and evolving oxygen. : 
Some of the salts of gold and of silver, especially their chlorides, are 
remarkably susceptible tests of the chemical agency of light: the nétrale 
of silver may be selected by way of illustration. If a piece of paper be — 
dipped into a solution of this salt, and kept in the dark, it suffers no 3 
apparent change; but if exposed to light, it soon becomes purple, brown, 
and black, changes of colour depending upon a chemical change suffered — 
by the salt. A pretty experiment, showing the action of light upon ni- ~ 
trate of silver, was devised by Mr. Wedgwood: a piece of paper, or other 
convenient material, was stretched upon a frame and sponged over with 
a solution of the salt; it was then placed behind a painting upon glass; 
and the liglit, traversing the painting, produced a kind of copy of it upon 
the prepared paper; those parts in which the rays were least intercepted — 
being of the darkest hues. Many improvements in these photogenic 
drawings, as they have been termed, have been effected more especially ~ 
by Mr. Fox Talbot, Sir John Herschel, and Mr. Alfred Taylor, some of ~ 
the details of which will be found under the head of Smrver; as alsoan 
account of the extraordinary phenomena discovered by M. Daguerre, in — 
reference to the action of light upon a surface of silver covered by a film 
of iodine. Supe eh 
Scheele was the first to whom the ingenious idea occurred of ascer- — 
taining whether all the rays possessed similar chemical powers, or whether 
they belonged more exclusively to one colour than to anotber; and he _ 
found, upon refracting a beam by the prism into its primary colours, and _ 
throwing them upon a piece of paper prepared with nitrate of silver, that — 
the greatest blackening effect was produced by the violet ray, and that the 
decomposing or chemical powers of the prismatic spectrum, gradually 
decreased towards the red ray, where scarcely any effect was produced. 
This result was quite contrary to expectation; for one would, of course, 
have anticipated the greatest effect in the most luminous part of the — 
spectrum. oh 4 


* 


. 
‘ 
* 


CHEMICAL EFFECTS OF TIME SOLAR RAYS: 201 


It was afterwards discovered by Wollaston and Ritter, (Phil. Trans., 
1802, and Philos. Journal, iv. and vili.,) that certain invisible rays, occu- 
pying a place in the spectrum just beyond the violet extremity, possessed 
-agreater power of effecting the above and other chemical changes, than 
the violet rays themselves; and it has, consequently, been inferred that 
such distinct rays emanate from the sun, possessed, as their place in the 
spectrum shows, of great refrangibility: and that the coloured rays (and 

_ their mixture, constituting white light,) derive their chemical powers from 
__ the admixture of these highly refrangible and chemically acting rays, 
which are most abundant at the blue end of the spectrum, and gradually 
decrease towards the red or least refrangible rays. Thus, it was found 
that the greatest blackening effect upon the salt of silver was produced 
just beyond, and out of the violet ray: the other peculiar chemical effects 
to which we are now adverting were also most manifest in the same spot, 
It must, however, be observed, that the place occupied by these rays in 
the spectrum, depends, in some measure, upon the nature of the medium 
by which the light is refracted. 

Berard found, that in the focus obtained by concentrating the rays of 
one-half of the spectrum (the red end), chloride of -silver was not 
blackened, though the light was very brilliant; but that, in the darker 
focus from the violet half, it was immediately discoloured. Seebeck, by 
exposing chloride of silver to the red ray, found that it gradually acquired 
a pale rose colour; and that the rays coloured by transmission through 
coloured glasses, produced the same general effects as the differently 
coloured rays of the spectrum. WHe also found that a piece of paper, 
dipped in a neutral, and not too-concentrated solution of gold (which 
is reduced by light), underwent no change when preserved in the dark, 
provided it had not been previously exposed to light; but that, if exposed 
for a short time to the sun’s rays, though not at the moment discoloured, 
and then kept in a dark place, it gradually became purple, and the gold 
was reduced. Ritter and Davy have assumed that the opposite ends of 
the spectrum possess opposed chemical powers, something like the opposed 
electrical poles, but of this we have, as yet at least, no satisfactory expe- 
imental evidence; it is true that Wollaston found a piece of paper 
stained yellow with tincture of guaiacum, to become green in the violet. 
ray, and again yellow in the red; but he afterwards found that the mere 
heat of the red ray produced the effect; and many vegetable colours are 
as effectually bleached by heat as by light. 

Many years ago, Morichini thought that he had communicated mag- 
nelism to steel-wires, by exposing them to the rays of violet light. So 
curious a result attracted much notice, and his experiments were repeated 
by several eminent philosophers with very various success: it was generally, 
_ however, presumed that he was mistaken in his conclusions, and that the 

needles had acquired magnetism from some other sources. The subject 
_was afterwards resumed by Mrs. Somerville, (Phil. Trans., 1826,) who, 

from a series of apparently well-conducted experiments, arrived at the 
same conclusion as Morichini. It must however, be confessed, that there 
are many difficulties in the way of attaining perfectly unexceptionable 
results in these experiments; and whether magnetism is, or is not, 
producible by the sole influence of light, is a question not definitiyely 
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settled, unless, indeed, the experiments of Messrs. Riess and Moser + 
(Edin, Journal of Science, 11., 225,) be considered conclusive in disprovs 
ing its . | & 


§ 16.—Or Rapiant Marrer as 4 Sourcy or Hear. -, 


Different parts of the prismatic spectrum have different heating o 
-powers.—If we cause the spectrum to fall upon. a sheet of paper, and 
gradually pass the hand through it, from the violet. to the red end, ve @ 
shall perceive the latter to be sensibly warmer than the former ; and, on ‘ee 
applying a delicate thermometer in the differently coloured tays, it wil ve 
be found scarcely affected by the blue; in the green it rises; and in the om 
red, shows an increase of several degrees of temperature. Assuming the 
heating power of the violet rays, = 16°, that of the green is = 26°, and 
of the red = 55°*. Kiwis) | 

The observation of this fact suggested to Sir W. Herschel the possi- 
bility of the heating power of the spectrum extending beyond the red 
ray, and, on applying a thermometer just out of the red ray, and beyond 4 
the limits of the visible spectrum, this was found to be the case. A 

thermometer zz the red ray rose seven degrees in ten minutes, but just 

_ beyond the red ray, the rise in the same time was nine degrees. Phil, 
Trans., 1800*. it 
_ In these, as in the former experiments, the effects are modified by 
the nature of the prism used to refract the light: when it is of flint 
glass the phenomena are as above described; but, with crown glass, 
water, and other refracting media, the position of the heating or calorific 
rays varies. Hike 

It appears, then, that the radiant matter of the sun is resolvable, by 
refraction, into three distinct sets of rays; those producing colowr;. those 
which effect certain chemical changes; and those which excite heal; the 
chemically acting rays are the most refrangible, the calorific rays the least 
so, and the colorific rays, or those producing light and colour, possess a 
mean degree of refrangibility. All these rays are susceptible of refraction — 
and reflection, as is proved by their concentration into a focus by acon- 
cave mirror or a lens; in which case, in consequence of their different s 
refrangibilities, the heating and chemically acting focus is probably not 
identical with the luminous focus. From the experiments of Beratd, - 
Melloni, and Professor Forbes, the chemically acting and the heating | 
rays are also susceptible of the phenomena of polarisation. ) 
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§ 17.—Terresrriat RADIATION, AND THE INFLUENCE OF VARIOUS SURFACES 
UPON THE RECEPTION AND Emission oF RADIANT MATTER. 


¥) 

We usé the terni terrestrial radiation, to designate the heat and light 4 

thrown off by tertestrial bodies under certain circumstances, especially 

at high temperatures; as when they are red-hot, or burning; thatis;smao 
state of ignition, incandescence, or combustion. We also well know that a 
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* Hence the idea of the different- 4+ See also. the repetition of these 
coloured Tays, consisting of light in com- | experiments -by Sir H. Englefield, and 
Hi his with different proportions of | by M. Berard. (Thomson's Annals, tL, 
pei 163.) i 
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terrestrial heat radiates from bodies at temperatures far below those: 
required for ignition. If, for instance, I fill a jug with hot water, I feel 
heat emanating from it to my hand when held near it. All these subjects 
may be discussed under the head of terrestrial radiant matter. 

The rays which emanate from heated bodies, whether attended or 
unattended by light, may be reflected in the same way as the solar rays, 
and the pheriomena ¢onnected with this kind of radiation are, in many 
respects, extremely curious and important: they are also susceptible of 
many economical applications, for in this country it is to radiant heat 
that we are chiefly indebted for the warmth and comforts of our.apart- 
ments in winter; the construction of our grates, and fire-places in general, 
being such as to carry away the whole current of the heated air by the 
chimney, and prodigally waste it in the atmosphere; they consequently 
produce their warming effects, by the heat which emanates from thé 
burning fuel and heated surfaces, and is projected or radiated upon the 
surrounding bodies in the room. 

Several important facts upon the subject of the radiation of heat were 
established many years ago by Scheele (in his treatise on air and fre, 
originally published in 1777). He observed, that radiant heat passes 
through air without communicating heat to that medium, and that it is 
not intercepted by currents in the atmosphere. He then proceeded to 
-ascertain how far it coincided with solar heat, in passing through glass, 
and found that, although the light of a fire or of a candle passed through it, 
their heat was arrested, or stopped in its progress. It was thus thought 
that a decided difference was established between solar and terrestrial 
heat; but we shall find that, in reference to this experiment, it is rather 
apparent. than real, and-due to the small quantity, or intensity of the 


latter, as compared with the former. He also found that, when a glass 
mirror is held before the fire, the light only is reflected, while the heat is 


absorbed, and the mirror itself becomes hot; but when for glass we 
substitute a mirror of polished metal, then, both the heat and the light are 
reflected, and the metal itself not heated: if, however, the surface of the 
metal be covered with some other substance, if it be smoked, for instance, 
by holding it over a burning candle, then the surface absorbs the rays of 
heat, and the mirror of metal, like that of glass, becomes itself hot. 
These observations of Scheele led Leslie and others into the same 


_path of inquiry, and we have, upon the whole, a very satisfactory series 


of experiments upon the subject, of which the following is an outline, as 
far as the principal faets are coricerned:— 

That heat radiates from bodies in right lines, and is susceptible of 
reflection, is shown by placing two polished concave mirrors, made of 
planished tin, or, what is better, of plated copper, exactly opposite to 
each other, and. about ten feet asunder. For experiments upon a large 
scale, the mirrors should be at least of two feet diameter, but common tin 
mirrors or reflectors of one foot are sufficient for all common illustrations. 
A heated body, such, for instance, as an iron-ball, or a flask of boiling 
water, is placed in the focus of one mirror, and an air-thermometer in 
that of the other*. The rays of heat then impinge on the one mirror, © 
_ * The foci of the mirrors are best found | heating focus corresponding with the 
py the help of a lighted candle, the | luminous one; and in these experiments 


- 
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and are reflected, consistently with the property of concave mirrors, in iq 


parallel lines, so as to fall upon the opposed mirror, whence they con- 
verge to its focus, in which is the thermometer, and which is affected 
proportionately to the heat of the original radiating body. . 

. : . Let a, fig. 93, repre- 
93 | sent the first mirror; B 
| the second; c the heated 
sphere or flask, and p 
hepgecegncneseecseseeneececescenneececerncatnnnasennneeeeeee Dyce |\ A the air - thermometer ; 
oe cE : theidireetion of tneuem 

eae lorific rays. 
To prove that the 
ie thermometer is not af- 
fected by the mere proximity of the heated body, independently of any 
actual reflection let a sheet of pasteboard be held between the mirror B 
and the thermometer; the latter will immediately indicate the absence of 
the quantity of heat it before received, notwithstanding the source is as 


n | 
| 


I. A 


near to the bulb as it was before. If we even carry the ball a little out _ 


of the focus of the mirror a, by advancing it gently towards the thermo- 
meter, a diminution of heat will be perceived in the latter, in consequence 
of the disturbance of the most favourable arrangement for reflection. 
Indeed, the distance between the heated ball and the air-thermometer is 


such, that notwithstanding the delicacy of the latter instrument, it would ; 


not be affected, as may again be shown by removing one or both of the 

mirrors, and leaving the ball and thermometer in their same relative 
positions. | 

Radiation goes on from surfaces in all 

elastic media, and in vacuo, and is no way 

94 Connected with aérial pulsations. By ignit- 

ing points of charcoal by the voltaic battery 

in the focus of a small mirror confined in 

the exhausted receiver of the air-pump, Sir 

HI. Davy found, that the receiver being ex 

hausted to ,4,, the effect upon the thermo- 

meter in the opposite focus was nearly three 

| 


the receiver, bb the insulated wires connected 
with the voltaic apparatus igniting the char- 
coal in the focus of the upper mirror c. In 
the focus of the lower mirror d is the ther- 
mometer e. A part at least of this increased 


Ale | effect is probably due to the increase of heat 
Heese Sai | sustained by the charcoal, when thus ignited © 
in vacuo, as compared with that which it 


acquires in the air. 


neral changes in the temperature of 
the room in which the experiments are 
made. fn. 


the differential thermometer above de- 
scribed is most satisfactorily employed, 
for it is not affected by currents or ge- 


times as great as when the air was in its 
natural state of condensation. a, fig. 94, is. 


: 
nal 
a 


‘ 


the distance from the substance 


for the heated one, a lump of ice, 
for instance, sprinkled over with 
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If, for the hot bullet, or flame of a candle, or flask of boiling water, 
we substitute some more copious source of heat, the effects will be pro- 
portionately great. If we, for instance, place a wire-basket full of burning 
charcoal, or a piece of red hot iron in one focus, and a piece of phosphorus 
in the other, the latter will be immediately inflamed; in the same way ful- 
minating silver may be exploded, a mixture of chlorate of potassa and 
sulphuret of antimony inflamed, and even gunpowder kindled. And for 
such experiments we may adopt Sir H. Davy’s plan of placing the mirrors 
vertically, as shown in fig. 95; the little chafing-dish isin the focus of the 


upper mirror, so that all the heat that reaches the lower mirror, and is 
concentrated in its focus, must be radiant and reflected, for the current of 


heated air will pass upwards and be lost. 
For the conjugate mirrors = 

we may occasionally substitute | | 

a sheet of burnished gold or sil- 4g, | 

ver paper, twisted up into the . 

form of a truncated cone, with 

the metallic surface inwards: on 

holding its larger end towards a 

clear fire, or before a heated ball | 

of iron, the ‘radiant heat will be 
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2] 


re 


mal) 


reflected so as to form a focus 
beyond the smaller end, where a 
piece of phosphorus or a lucifer 
match may be kindled. 

The intensity of the calorific, 
as well as that of the luminous 
rays, decreases as the squares of 


whencetheyemanate. A thermo- 
meter, for instance, placed at the 
distance of one foot from a heated 
body, will indicate the reception 
of four times more heat than at 
two feet, of nine more than at four 
feet, and of sixteen times more 
than at three feet. (See fig. 87.) 
If we substitute a cold body 


: SS = 
salt, or a thin glass flask, con- 


taining a mixture of snow and salt, we shall then observe the ther- 


‘mometer in the opposite focus to be affected by cold; and this experiment 


has sometimes been adduced to prove that cold is a distinct form of 
matter. It has been supposed that highly attenuated emanations are at 
all times passing off from the surfaces of all bodies, under the form, and 
producing the effects of, radiant matter, the temperature excited by which 
depends upon that of the emanating body: that hot bodies radiate heat: 
that we perceive no effect from bodies at common temperatures, because 


their radiant matter is of the same temperature as that of the thermometer 
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or substance upon which they fall: but that cold bodies, on the contrary, 
throw off cold radiant matter, and hence their effect upon the thermometer. __ 
It has been assumed that the actual radiation of cold is proved by placing a 
plate of snow or bruised ice near the face, when an effect of cold is imme- 
diately perceived, and may be intercepted bya sheet of paper or other screen; 
that temperature therefore is merely a relative term: and that we may 
suppose ourselves in a temperature so high, that red-hot iron would 
radiate cold; or, again, in a temperature so low, that ice would radiate 
heat. ee 

_Sir. H, Davy observes, in reference to this subject, which he calls the 
apparent radiation of cold, “that if it be supposed that rays capable of 
producing heat emanate from all terrestrial bodies, but in quantities 
greater in some increasing proportion as their temperatures are highest, 
then the introduction of a cold body into the focus of one mirror, ought 
to diminish the temperature of a thermometer in the focus of the other, 
in the same manner as a black body placed in one focus would diminish 
the quantity of light in the other focus; and the eye is to the rays pro- 
ducing light, a measure similar to that which the thermometer is to rays 
producing heat.” (Llements, p. 206.) Dr. Turner observes, that “the 
thermometer has its temperature lowered beeause it emits more rays 
than it receives, and it rises when the ice is removed, because it then 
receives a number of calorific rays, radiated by the warmer surrounding 
objects which were interrupted by the ice whilst it was in the focus.” 
Mr. Daniell says, “the thermometer is the hotter body, and radiating its 
heat upon the nearest mirror, the rays are projected upon the second, and 
collected in the focus, where they are absorbed by the ice; and as no 
adequate return is made, the temperature of the thermometer necessarily 
falls.” 

INFLUENCE OF DIFFERENT SURFACES UPON THE RECEPTION AND EMISSION . 
OF RADIANT HEAT.—It has been stated, that if a polished metallic mirror, 
of a concave or parabolic form, be held opposite the fire, it will give a 
heating focus, but that the mirror itself is long before it becomes sensibly — 
warm; that is, the heat which impinges upon it, is immediately thrown 
off or reflected. If we now cover the surface of the mirror with an unme- 
tallic coating, or merely roughen the surface, and then hold it towards 
the fire, a very different effect ensues, and now, the greater part of the 
radiant heat, instead of being thrown off, is absorbed, and soon heats the 
mirror. A mixture of chalk or lampblack and diluted glue or gumwater, 
answers very. well for the above purpose. 

Here, then, the receptive powers of surfaces, in regard to radiant 
matter, are shown materially to depend upon their nature or mechanical 
texture. In further illustration of this subject, a simple experiment may 
be made with the differential air-thermometer: let one of the glass bulbs, 
for instance, be nicely covered with a bright coating of gold-leaf, and . 
leave the other in its usual state: place the instrument thus prepared 
upon a table, and bring a hot poker near it, taking care, however, that it 
is equally distant from both bulbs, or, if anything, rather nearer the 
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- metallic than the glass surface. Under these circumstances it will be 


found, that by far the greatest effect of heat is produced upon the glass 
ball, from which the fluid in the tube immediately recedes, notwith- 
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standing heat i is equally applied to the gilt ball; the latter, however, refuses 
to absorb it, while the former imbibes it, and has its temperature pro- 
portionately, augmented. If, instead of leaving the ball clean, it be 
covered with a thin coat of whitewash, or of lampblack, its receptive 
power will be still greater. 

Although the texture of the surface is shown to be materially con- 
cerned in these results, it does not appear that colour in the least inter- 
feres; black-wash and white-wash are equally receptive of terrestrial 
radiant heat; nor does it appear to be absorbed in larger proportion by, 
any one colour than by another.—(Bacue, Journ. Franklin Institute ; 
May and November, 1835.) Dr. Stark indeed (Phil. Trans., 1683) has 

- endeavoured to show that colour does interfere in these cases; and he 
gives some curious statements respecting its influence upon the reception 
of odours; but it is possible that the texture and composition of the mate- 
rials employed may affect the results; just as while silk is a much better 
insulator of electricity than black silk; not on account of colour, but of 
dye-stuff. 

With regard to solar radiant heat, how ever, the case is different, 
and, as common experience teaches, black surfaces absorb it much more 
greedily than white, and he temperature produced appears to be propor- 
tionale to the imtensity of colour*, If pieces of cloth of different colours 
be exposed to the sunshine upon the surface of snow, the dark colours 
will sink into it, in consequence of the heat which they produce; the 
lighter colours scarcely effect the thawing of any portion; and white 
remains inactive. The difference between a white and black hat in 
heating the head, and between dark and light-coloured clothing in 
general, is well known to those who are much exposed to the summer's 
sun, Paint the bulb of one thermometer black, and of another white, 
and expose them to the sunshine; the former will indicate a higher 

_temperature than the latter. A similar but more striking experiinent 
may be made with the differential thermometer. Blacken one of the 
bulbs, and leaye the other clean and transparent; if the instrument 
thus ‘prepared be exposed to the sunshine, the excess of heat in the 
blackened ball is immediately indicated by the recession of the liquid 
from it to the clean ball. If the air thermometer be small and delicate, 
it is even susceptible of the mere impression of daylight, which, slightly 
augmenting the temperature of the black ball, depresses the fluid in the 
tube annexed to it. Hence the differential thermometer, thus constructed 
and applied, has been called a photometert. Another illustration of 


* It has hence been assumed, that 
the negro must suffer more from heat 
than the European; but it has been 
shown by Sir E. Home (Lectures on 
- Comp. deatonyy: that the sun’s rays are 
absorbed without ill effect, hy the black 
rete mucosum, whereas they blister and 
scorch the white. 

+ Pictet first employed a blackened 
thermometer as a photometer. Leslie 
concluded, from his photometrical ex- 
- periments, that the light of the sun pos- 


sessed 12000 times the intensity of that 
of a wax-candle, so that a fragment of 
the sun, of the size of such a flame, 
would possess the illuminating power of 
12000 candles. ‘With the same instru- 
ment he determined the relative trans- 
parency of substances: thus he found, 
that of 100 rays of light, 80 passed 
through dry ¢ambric, 93 through wet 
cambric, 49 through thin paper. 80 
through oiled paper, &c. 
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this effect of solar rays, consists in placing a glass tube containing alcohol — 
or ether in their focus, when collected by a lens; they traverse the 
transparent medium without heating it; but upon putting a piece of 
black paper into the liquid, or a strip of black wood or metal, it im- 
mediately boils. In this way water may be heated by directing the focus 
of a lens or mirror, exposed to the sun, upon good receptive and opaque 


surfaces immersed in it. 
_ In many of the above statements there seems to be a manifest 


difference between solar and terrestrial radiant heat; but this is probably 


rather apparent than real; in the solar beam, radiant heat and light are 
combined, and when they fall upon dark surfaces are absorbed together. 
The quantity of radiant matter, too, emanating from the sun, is incom- 
parably great in reference to anything produced artificially. The solar 
beam passes through a thin plate of glass without decomposition, and 
falling upon black surfaces upon the other side, is absorbed by, and heats 
them: but terrestrial radiant matter, emanating, for instance, froma lamp, 
or candle, or fire, suffers, in such case, a kind of decomposition; the 
light passes through the glass, but part of the heat is stopped in the 
progress; in the case of the sun’s ray the transmitting glass is. scarcely _ 
heated; in the other case, the glass becomes hot. , | 
It was formerly supposed that terrestrial heat did not pass through 
glass, and that glass screens were as effectual as opaque ones in arresting 
the heat of the fire; but this is not so; the most intense artificial heat 
and light is probably that produced by charcoal ignited by voltaic elec- 
tricity, and when a small lens is placed before a brilliant star of fire 
so obtained, and its focus thrown upon an air-thermometer, an elevation 
of temperature is always indicated. (Brande, Phil. Trans., 1820.) Mr. 
Daniell has shown a similar effect in the rays from incandescent lime. 
(Phil. Mag. N- S., ii. 59.) | 
There are other well known instances, in which the passage of com- 
mon radiant heat through glass is evident; if we stand, for instance, 
upon the outside of a shop-window when a gas-burner within is sud- 
denly lighted, we perceive the instantaneous impulse of heat upon the 
face; and there is no difficulty in causing radiant heat, even of low 
intensity, to permeate glass and other transparent media in very thin 
layers. It was supposed that in these cases the direct transmission of A 
the radiant heat was apparent only, and that it, in fact, was absorbed ~ 


‘by, and heated the glass, which therefore itself became the radiating’ 


surface; an objection ingeniously answered by Prevost, who transmitted 


the heat of a flame through a thin sheet of water, issuing from a 


jet, so that the nature of the medium, as well as its constant motion, 
prevented all possibility of the transfer of the heat by any other method 
than direct radiation. 5 
__ Newton conceived that radiant matter consisted of particles emanat 
ing from luminous and heated bodies with prodigious velocity; these 
particles he imagined might be of different sizes; the’smallest, constituting . ~ 
chemical rays and violet light, being the most refrangible; the larger 
ones forming red light and heat, and being the least refrangible; and 
some have assumed that the matter emanating from terrestrial bodies 
might be so constituted as to be arrested by those transparent media 
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which allow a ready passage to solar. rays. Newton put the query, 
“Whether light and common matter are not convertible into each other?” 
And, if we consider sensible heat in bodies to depend upon vibrations 
of their particles, a certain intensity of vibrations may send off particles 
into free space ; and particles moving rapidly in right lines; may in losing 
their own motion, communicate a vibratory motion to the particles of 
terrestrial bodies.”—(Davy’s Elements, p. 215.) The explanation of the 
phenomena of radiant heat upon the undulatory theory, will be evident 
from what has been above stated. 

But our knowledge respecting the transmission of heat through 
different media has been lately much extended by the profound and 
important researches of Melloni. (Taytor’s Scientific Memoirs, 
i. and iii.) He has shown that heat which has passed through one 
plate of glass becomes less susceptible of absorption in passing through 
second. Thus, of 1000 rays of heat from the flame of oil, 451 were 
intercepted in passing through four plates of glass of equal thickness, 
of which 381 were intercepted by the first plate, 43 by the second, 
18 by the third, and 9 by the fourth. But the most remarkable of 
Melloni’s pieoariés is that of the transmission of radiant heat through 
certain transparent bodies almost without impediment, while others, 
physically analogous, resist its passage; nor is this passage of heat 
dependant upon their transparency in regard to light: the latter are 
diaphanous, the former diathermanous. Thus, plates of the following 
transparent substances, each being 0°1031 of an inch in thickness, 
allowed very different portions of the rays of heat from an argand lamp 
to traverse them. Of 100 incident rays, 


Rock salt . transmitted . 92 Emerald . transmitted. 29 
Mirror glass rp . 62 Gypsum ‘ ag 4320 
Rock crystal % - 62 Fluor spar : Pe res 
Iceland spar Ps - 62 Citric acid : = ona ke 
Brown rock crystal ,, wae Og Rochelle salt . PY oe 
Carbonate of lead _,, oe? Alum . 5 woke 
Sulphate of baryta ,, - 33 Sulphate of copper st eek 


A slice of brown rock crystal, nearly opaque in regard to light, and 58 
_ times thicker than a transparent plate of alum, transmitted 19 rays, while 
the alum only transmitted 6. 
Melloni found the proportion of heat from different sources, which 
passes through a plate of glass 1-50th of an inch in thickness, to be as 
~ follows:— 
Transmitted. Absorbed. 


Of 100 rays from the flame of an oil lamp . : 54 : 46 
3 Red-hot platinum . 37 . 63 

a Blackened copper Wenied to 930° 4248 88 

bis, Ditto ditto to- 212° 0 - 100 


Rock ‘salt is the only substance whose powers of transmission are the 

_ the same for heat from all sources and all intensities, 92 per cent. of the 

incident heat passing through that substance, whether radiating from a 

bright flame or from the hand: sulphate of copper, on the contrary, 
P 
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notwithstanding its transparency as regards light, is athermanous, or — 
opaque, as regards heat. | a 

It appears probable that these remarkable differences are rather the 
result of mechanical structure than of chemical composition, for when a 
block of common galt is divided into flakes, it arrests calorific radiation. 
The extraordinary properties of rock salt in regard to radiant heat render 
it invaluable in these researches; it constitutes “the true glass of radiant 
heat,” and may be cut into lenses and prisms, and used for concentrating 
heat of all intensities, and decomposing it by double refraction, exactly 
as glass is in regard to solar rays. 

Of 100 rays of heat from the same source, successively incident on 
water, alcohol, ether, bisulphuret of carbon, and chloride of sulphur, the 
transmitted rays. were 11, 15, 21, 63, and 63. The rays transmitted 
through similar plates of coloured glass, were with violet glass 53, with 
red 47, with yellow 34, with blue 33, and with green 26. 

Tt would further appear from Melloni’s experiments, that as there are 
varieties of light characterized by different colours, so there are different 
kinds of radiant heat dependent upon the sources whence it emanates: — 
Rays of light which have passed through blue glass, will pass more — 
readily through a second blue glass than through one of a different ~ 
colour; and calorific rays which have passed through water, will pass — 
more readily through a second stratum of water than through other 
liquids otherwise more diathermanous. Hence it follows that compara- 
tively little additional heat is absorbed either by increasing the number or ~ 
thickness of screens of the same material. . 

Having stated these facts concerning the receptive and transmitting 
powers of bodies in regard to radiant heat, we may now turn our atten- 
tion to their emissive energies, and we shall find, that those bodies 
which have their temperatures most easily raised by the action of rays 
producing heat, are likewise those which are most easily cooled by their 
own radiation; or which, at the same temperature, emit most calorific 
rays; in other words, the receplive and emissive powers of surfaces, in 
regard to radiant heat, are co-existent and co-equal. - 

From what is stated above, it will appear that, if we place two similar 
metallic vessels filled with water before the fire, the surface of one of the 
vessels being clean and polished, and that of the other covered with a 
a thin coat of lampblack, the former will receive heat much more slowly _ 
than the latter: a blackened saucepan set near a clear fire has its contents 
much sooner heated than a clean and bright one in the same situation, 

Let us now reverse the experiment, and fill the blackened and the 
polished vessel respectively with hot water, and putting a thermometer 
into each, leave them upon a table ata distance from each other, and 
not’ near the fire. We shall soon observe that the thermometer falls 
most rapidly in the blackened vessel, and that it becomes cool much 
sooner than the other. Perhaps a simpler way of showing this fact, 
consists in painting one-half of the surface of.a convenient tin or | 
pewter vessel with a mixture of lampblack and gum-water, and leaving — 
the other half or side clean and polished; if it then be filled with boiling | 
water, no very delicate instrument is requisite to prove that heat is thrown — 
off much more quickly from the unmetallic than from the metallic sur-— 
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_ face; for the hand brought near the former feels a much greater impres- 
sion of heat than when at an equal distance from the latter, | 

___ If we paste writing-paper, linen, or thin woollen cloth, or flannel, 
upon one half or side of a canister, and leave the other side clean, a very 
similar effect will be observed, for those surfaces radiate much more than 
‘metals; and, accordingly, a differential thermometer brought near a 
canister so prepared, will be affected at a much greater distance by the 
covered than by the clean surface. 

The mutual relation of the receptive and emissive powers of bodies 
in regard to radiant heat, is well shown by a form of experiment devised 
by the late Professor Ritchie (2. S. Journal, v. 305). For the glass 
bulbs of a differential thermometer he substituted two hollow discs of 
thin metal plate: the surface of one of these discs was bright, and of the 
other coated with lampblack. Between these discs he placed a similar 

one filled with hot water, of which also one of the surfaces was bright 
and the other coated: when the heated disc was so placed between 
the thermometric discs that the blackened surface of the one opposed 
the metallic surface of the other, and vice versd, no effect was pro- 
duced upon the thermometer; but when the similar surfaces were 
opposed, namely, black to black, and metal to metal, the thermometer 
immediately indicated a great access of heat. In the first position the 
respective actions of the surfaces exactly balanced each other: in the 
second the good radiator was opposed to the good receiver, and the two 
bright surfaces to each other, so that everything favoured the effect on 
_ one side and opposed it on the other, and hence the great effect upon the 
thermometer. | 
It will be observed that these effects of radiation are singularly 
_ opposed to the conducting powers of the respective surfaces. If we touch 
the clean part of the canister it burns us; but we may place the finger 
_ with impunity upon the paper or flannel, which, though a good radiator, 
is a comparatively bad conductor of heat. 
| The following table of the comparative radiating powers of different 
_ substances, is drawn up from Leslie’s experiments:— 


A 


Lampblack . : - 100 | ‘Tarnished lead , » 46 
Sealing-wax . . 95 Clean lead. ‘ ; 19 
‘Writing-paper : tists Polished iron . : mee sy 
Crown glass : ° 90 Tin plate 

Chinaink . I . 88 Gold . : “ 
Red-lead . . . 80 | Silver., ¢Polished. ” . 12 
Isinglass ; : .. 80 Copper 


. Plumbago . , Aes WE, 


It appears therefore that those surfaces which are not metallic, such 

as soot, paper, glass, &c., are much better radiators of heat than tarnished 
metals, lead, or iron; and that these latter radiate better than the polished 
metals, which consequently stand at the bottom of the list. It will also 
be recollected that the above numbers represent the receptive as well as 
the radiating powers of the respective surfaces. In regard to roughened 
Metallic surfaces, Leslie found their radiating powers much dependent 
upon the manner in which they had been scratched; when a number of 
lines were scratched in one direction upon a bright metal, the force of ra- 
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diation was increased : he then drew the same number of lines, but mC) that. ) 
they crossed each other at right angles, and a still greater radiant power 
was obtained; as if it depended upon the number of points produced. J 
_ The different radiating powers of metallic surfaces is stated by 
Melloni to be connected with differences in their densities. He formed 
two silver vessels, one of well hammered plate, the other of cast and 
slowly cooled metal ; one side of each was highly polished, and the other 
scratched with emery-paper in one direction only. On filling them with 


hot water, he found the following differences :— = 


Hammered metal polished = 10° Cast metal, polished ='13°7 a0 
Ditto scratched = 18° Ditto, scratched =11°3 


The polished surface, therefore, of the cast metal, radiated much 
better than that of the forged, showing the superiority of inferior density; 
but with the scratched surfaces, the radiation is in favour of the ham-~ 
mered or denser metal, an effect which Melloni refers to the compression 
of its surface by the friction of the emery. Py 

Let us now look at some of the economical applications of the facts 
arising out of the philosophy of radiation. eS: 

Before much was known respecting the radiating, and consequent — 
cooling power of different surfaces, it was presumed that vessels of 
earthenware or porcelain were better calculated to retain heat, than 
those of metal; it wasrightly argued, that the latter were by far the best 
conductors of heat, and it was inferred, therefore, that they would lose 
heat to the surrounding air more rapidly than bad conductors.. Expe-— 
rienced tea-makers, however, always maintained that the best tea was 
made in a bright silver vessel, and that earthen teapots were of far infe-~ 
rior power; the former were said to draw much better than the latter. 
This opinion we now know is correct, and the obvious reason for the pre-~ 
ference is, that the water retains its heat longer in the metal than in the © 
porcelain vessel, and consequently extracts the soluble matter of the tea- 
leaves more completely. | | {ae 

“ Vessels,” says Sir H. Davy, “that are intended to retain their heat, 
should be metallic, and highly polished; and, independent of elegance 
and delicacy, there is a reason, obvious from the preceding facts, why 
metallic vessels for the purposes of the table should be kept as bright as — 
possible. Steam or air pipes for warming houses, should be polished in 
those parts where the heat is not required to be communicated, and. 
covered with some radiating substance, such as lampblack or plumbago, — 
in those rooms which are to be heated by them. Culinary implements 
should be blackened, and not polished, on those parts which are to receive 
heat. The heated surfaces of fire-places or stoves should not be metallic, — 
but of stony or earthy materials; and in this case, much more heat will 
be communicated by radiation.” B Py se 

It is also obvious, that whenever radiant heat is to be absorbed, rough, — 
unmetallic surfaces should be employed; and these, in the case of solar 
rays, may be blackened, in order to render the heat more intense. Brick- 
walls are excellent absorbers and radiators of heat, and when exposed to 
the sun’s rays they become very hot; afterwards, when the sun goes off, — 
they again radiate the heat which they had previously received, and which 
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caused their excess of temperature over the surrounding bodies. Walls 
-against which fruit-trees are planted are sometimes painted black, in order 
to get the highest possible degree of heat during their exposure to ihe 
sun; but it is not found that the fruit is thus improved. 
The way in which we receive heat from our ordinary fire-places will 
now be intelligible, and it will be evident that it is principally by radia- 
tion, the hot and dilated air making its escape up the chimney, attended 
by an enormous waste of heat, and consequently also of fuel. The heat 
which radiates from the glowing coals, and from the heated surfaces about 
the grate, is projected into the chamber, traversing the air without heating 
it, and impinging upon the different bodies around, is received by them 
with different degrees of facility, dependent upon the nature of their 
surfaces: the carpet, and all similar surfaces, absorb the radiant heat with 
facility; furniture and wooden articles become also heated; and these 
radiate in their turn, and throw off their excess of heat above that. of 
‘surrounding bodies.. They also warm and dilate the air in contact with 
them, and thus the heat becomes more or less equally diffused throughout 
the chamber. Our clothes are also, in general, good absorbers of heat; 
so is the skin or cuticle; and by the absorption of the radiant heat we 
_get warm on standing before the fire, at least upon that side or part which 
is exposed to it. This partial reception of heat by which we are burned 
on one side, while the other may be very cold, is one of the great objec- 
_tions to our common mode of warming apartments; and another is, that 
in winter, one part of the room only is comfortable, whilst others are 
disagreeably cold. In rooms heated by throwing into them a current of 
warm air, such inconveniences are not experienced; but then, unless 
there is at the same time a thorough ventilation, they produce a sensation 
of closeness which is unpleasant to those accustomed to open chimneys 
and fires. A combination of the two systems is the most efficacious and 
pleasant; warm air, properly and judiciously admitted at the parts of the 
room furthest from the fire; and an open grate, to assist in warming, and 
to accomplish a perfect ventilation. Grates or stoves have lately been 
contrived in which there is an open fire as usual, and which also throw 
out a stream of warm air, heated by being made to pass from below 
_ upwards through a double casing, surrounding all the heated parts of the 
grate; these stoves, when properly made and applied, are extremely 
effective and economical. 

+ But it is seldom recollected that all attempts to render any individual 
apartment in a house uniformly warm, will be frustrated, unless the mass 
of air in the halls and staircases is also heated; this is most effectually 

accomplished by a properly-constructed stove upon the basement story, 
and although the expense of such an arrangement is considerable at first, 

it will be found, if properly and judiciously made, to effect a material 
annual saving in fuel. Dr. Arnott’s stoves are also excellently adapted 
to all these purposes. Whilst upon this subject I may be allowed to 
remark, that it is to be regretted that architects and builders in general 
are extremely inattentive to the methods of warming and ventilation, 
both as concerns dwelling-houses and public edifices. 
From what has been elsewhere stated respecting the conducting and 
perying powers of bodies, 1 in respect to Aas and from the phenomena 
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of radiation, it is obvious that when a body is allowed to cool in the air, 
its heat will be carried away, first, by the absolute conducting power of 
the medium; secondly, by currents established in it, in consequence of — 
change of density; and thirdly, by radiation; and that the separate influ- — 
ence of each of these causes must be considered. Supposing, however, a — 
body to be placed ina perfect vacuum, its heat would be dissipated by 
radiation only; to determine, under these circumstances, the rate of 
cooling, an elaborate inquiry has been undertaken by MM. Dulong and 
Petit (Ann. de Chim. et Phys., vii.); but the details rather belong to 
physical than chemical science. It appears that bodies cool about twice 
as fast in the air as in vacuo: Dr. Franklin conceived that a body — 
requiring five minutes in vacuo, would cool through the same number of | 
degrees in air in two minutes. Count Rumford gives the proportions of — 
five minutes and three. But the rate of cooling will much depend upon — 
the relative temperature of the body, and it will lose unequal quantities — 
of heat in equal times, forming, according to Newton, a decreasing geo- — 
metrical progression. Thus, supposing the temperature of a body to be ~ 
1000° above the surrounding medium, and that it were to lose 100° of — 
heat in the first minute, it would lose 1-l0th of the remaining 900° in © 
the second minute, (or 90°,) and 1-10th of the residual 810° (or 81°) — 
during the third minute, and so on; so that the number of degrees lost 
during the first five minutes, would be 100, 90, 81, 729, and 65°6. This © 
law of cooling, however, though perhaps tolerably correct at low tempe- — 
ratures, becomes liable to much error at high ones, the error increasing as — 
the temperature augments. le 
In relation to this subject, the following summary is given by Dr. — 
Thomson, founded upon the researches of Dulong and Petit. — 
1. “ Whena body cools in a vacuum, the heat which it loses is entirely — 
by radiation. When it cools in air, the process goes on more rapidly, — 
because the quantity of heat radiated is the same as in vacuo, while an — 
additional quantity of heat is conducted away by the air. 2. The rate of — 
cooling of a liquid is not altered by the size or shape of the vessel. 3, 
The velocity of cooling of a thermometer in vacuo, for a constant excess 
of temperature, increases in a geometrical progression, when the tempe= — 
rature of the surrounding medium increases in an arithmetical progression, 
The ratio of this geometrical progression is the same, whatever be the 
excess of temperature considered. The truth of this law will be evident - 
from the following table:— 3 : aS 


ans ef Wes ages? 2 Ditto Ditto Ditto Ditto. 
therm. centigr. | Water at 0°, | Water at 20°. | Water at 40°. Water at 60°. | Water at 80°. | a 
240° - 10°69 12°40 14:35 | —_ — 
220 8°81 10°41 1198 = | — — 
200 7°40 858 | 10°01 11°64 13°45 
180 6°10 7°04 , $20 9°55 11°05 
160 4°89 5°67 661 7:68 895. | 
140 3°88 4:57 5°32 6:14 719. 0 
100 3°02 3°56 415 4°84 5°64 
120 2°30 2°74 3°16 3°68 4:29 


80 174 1-99 230 |. 273 ais ia 
60 1:40. 1°62: 1°88 217 4 
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“If we compare the five last columns of this table with each other, 
we shall find that the mean ratio is 1:161. In general, this geometrical 
progression requires to be diminished by a constant quantity, in conse- 
quence of the heat radiated back to the hot body from the walls of the 
vessel in which it is cooling. 4. When a body cools in vacuo, the time 
of cooling is materially influenced by the nature of the surface of the 
hot body; those bodies cooling soonest which radiate best. But this 
difference does not affect the law of cooling in vacuo. 5. When a body 
cools in any gas, the same portion of its heat is carried off by radiation 
that would be dissipated if it were cooling in a vacuum. Another 
portion is conducted off by the gas. This last portion is not affected. by 
the nature of the surface of the hot body. It depends upon the con- 
ducting power of the different gases. 6. The celerity with which heat 
is communicated from hotter bodies to colder ones, when all other things 
are equal, is proportional to the extent of contact and closeness of 
communication between the bodies.”—(Outline &c., § IV.) 


§ 18.—PHosPHORESCENCE. 


Tuts term is generally applied to those bodies which shine in the dark, 
without undergoing combustion, though, in some cases, a low form of 
combustion goes on at common temperatures, or when substances are only 
slightly heated, which has occasionally been confounded with the lumi- 
nosity of phosphorescence.—(See a report upon this subject, by Dr. C. 
Williams, in the Proceedings of the British Association, iv. 588.) The 
products of combustion (properly so called), at different temperatures, 

will be noticed in the sequel. The varieties of phosphorescence may be 
considered under the following heads:— 

1. Bodies which become luminous after having been exposed to light, 
and which are generally called solar phosphori. 

2. Bodies which become luminous when moderately heated. 

3. Bodies of vegetable and animal origin, which are spontaneously 

luminous at common temperatures. 

1. Sonar Puospuort.—The attention of philosophers was first drawn 
to this curious subject, by an accidental discovery of Vincenzio Cascariolo, 
__ashoemaker of Bologna, who (about the year 1630), being engaged in 

some alchemical experiments, had occasion to calcine a quantity of a 
species of native sulphate of baryta, found near Bologna, at Monte 
Paterno (Arxin’s Dictionary, Art. Puosrnori). He observed that, 
whenever the spar had been sufficiently heated, it acquired the property 
of shining in the dark after having been exposed, to the sun’s rays, and. 
that it would even continue thus to emit light for some hours. In conse- 
quence of this discovery, the Bolognian spar came into great request 
among the curious; and the best mode of preparing the Bolognian phos- 
phorus, as it was called, became a subject of no small pecuniary import- 
ance. The most successful preparers of it were a family of the name of 
Zagoni, who continued to supply large quantities of it to the curious 
throughout Europe, and retained their monopoly for many years. Their 
process is not exactly known; but if the spar be powdered, and made into 
thin cakes, with mucilage of gum tragacanth, and then carefully calcined 
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in the open fire, and suffered to cool slowly, they will be found to answer 


the purpose: that is, they will glow for some time in a dark room, after 


having been exposed to a bright sunshine. Some management, which can 
only be learned by practice, is requisite in conducting the calcination. 
Any variety of sulphate of baryta will answer for the above preparation, 
but that which is massive, nearly opaque, and of a lamellar fracture, 
appears, on the whole, to furnish the most luminous product. 4 

There are many other substances possessed of properties analogous to 
those just described. or the discovery of one of these we are indebted 
to Canton, by whose name it is usually known. Cantons phosphorus is 
made by calcining oyster-shells in the open fire for half an hour; after 
which the whitest and largest pieces are selected, mixed with about one- 
third their weight of flowers of sulphur, pressed into a crucible with a 
closely luted cover, and heated red-hot for an hour. When the crucible 
has become quite cold, turn out its contents, and select the whitest pieces 
for use. 


For the following solar phosphorus, we are indebted to Mr. B. Wilson — 


(On Phosphori, p. 20):—* Select a score of oyster-shells, the thicker they — 
are the better; then take most of the flaming coals, but not all of them, — 


off a fire that is burning briskly, strew the shells over the surface, 
and replace the coals that have been taken off. In about an hour's 
time take out the calcined shells, observing to break them as little as 
possible; and after exposing them for a few minutes to the light, they 
will be found to have acquired a high degree of phosphorescence, glowing 
in the dark in a very beautiful manner, with most of the prismatic colours. 
It is not, however, absolutely necessary that the shells should be calcined 


in the open fire, for if they are heated sufficiently in a close crucible, they — 
will exhibit prismatic colours, chiefly blue and green, though not so bright 


as by the former method. If the calcination is effected in an iron crucible, 
all those parts of the shells that have been in contact with the sides of 
the crucible will glow with a red light. The contact of inflammable 


matter, and particularly charcoal, with the shells during their calcination, — 
appears eminently to contribute to the brilliancy of the phosphorus. — 


Hence it is that if the shells are calcined in a crucible, in contact with © 


thin plates of steel, (steel being a compound of iron and charcoal,) the 


phosphorus thus produced will be much more bright, and of more various — 


colours than when plates of iron are employed; and, on the other hand, if 
flat pieces of charcoal are made use of, the intensity of the colours, 
especially of the blue, green, and red, is far greater than in those produced 
by the steel.” | : 


Another solar phosphorus is that discovered by Baldwin. _ It is made 


by saturating diluted nitric acid witil chalk, and evaporating to dryness, 
by which a nitrate of lime is obtained. This, when melted at a dull red 
heat, cools into a compact mass, which has the property of imbibing and 
emitting light. 


ja 


It has been observed, in regard to these solar phosphori in general, oa 


that their luminous power is diminished by cold and increased by heat; 


that they are more brilliant in dry and warm than in wet and cold 4 


weather; that they shine most intensely after exposure to direct sun- 


shine; but that some of them, especially the oyster-shells, exhibit their j . 
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phosphorescence when carried into a dark place, after mere exposure to 
ordinary daylight. It is sometimes said, that they absorb the same 
coloured light as that to which they are exposed, and that, if exposed to 
red light, they give out red, to green, green light, and so on; but this 
appears to be a mistake, the colours of the light being white or reddish 
white, and often prismatic, but independent of the colours of the rays to 
which they have been exposed. Moonlight is quite inadequate to render 
these bodies luminous; but the flash of gunpowder, the light of a bright 
candle or lamp, or of an electric explosion, suffices to make them shine 
more or less intensely. 

The above are the most remarkable solar phosphori, but there are 
several other substances possessed of very similar properties, such as some 
diamonds, rock-crystal with its surface roughened, certain saline bodies, 
and writing-paper: these, however, are less powerfully luminous, and 
require good management to be observed. They should be brought out 
of the light to the observer, who should be stationed in a small closet, 
painted black on the insides and with a black curtain hung up before the 
door. (Brccaria, Acta Bologn., 1744—1747, and Phil. Trans., uxi. 212. 
See also Hetnricn, Bb. Univ., xv. 247.) 

_ 2. PHOSPHORI FROM Hrat.—There are many substances which become 
luminous when moderately heated; that is, at a temperature below a red 
heat. These differ from the preceding in the circumstance, that, after 
having been kept at any particular temperature till their luminousness is 
exhausted, they are incapable of shining again, except at a temperature 
greater than that to which they were first subjected. The substances belong- 
ing to this class are extremely numerous, and an extended series of experi- 
ments upon them, by Sir D. Brewster, will be found in the Edinburgh 
Philosophical Journal, I.; but there are only a few which are eminently 
luminous; of these the compact phosphate of lime, found native near 
_Estramadura, in Spain; and certain kinds of fluor, or Derbyshire spar, 
especially the dark blue and slightly fetid variety, are the most remarkable: 
the former exhibits a beautiful pale-green light, intense enough to be 
seen in the daytime; and the latter shines with a purple tint; a variety 
termed, from its shining with a green light, Chlorophane, is particularly 
brilliant and beautiful. The best way of exhibiting them is to heat them 
In a dark room, in a spoon of platinum, over a spirit-lamp, the light of 
which is not sufficient materially to interfere with the observance of their 
phosphorescence. They should be in small fragments, but not too finely 
powdered. The fetid carbonate of lime, called swinestone, not uncommon 
near Bristol, several varieties of calcareous spar, and of heavy spar, 
and pondered quartz, are substances which are. also luminous when 
heated; they may be strewed for this purpose upon a piece of iron which 
has been heated red-hot, and just ceased to glow. Mr. Pearsall has 
shown that, after the luminosity of many of these substances has been 
destroyed by heat, it may be restored to a certain extent by electrical 
discharges; and that electricity generally exalts the power, and in some 
cases confers it where it did not previously exist. Several other curious 
facts, in reference to this subject, will be found in his papers. (Roy. Inst. 
_Jour., i. 77 and 267.) 
The substances which are phosphorescent by heat are also generally 


THERMAL PHOSPHORI. - Mey: 


et < ~ a . + oie 
% ae 2 * Y. Lo eres " . : . ~_ 
ae ont EN oer rt Bevin, > a, Pee -! aly 


218 SPONTANEOUS PHOSPHORI. 


so by friction, which is another productive source of luminosity. There 
are also several bodies which are rendered luminous by passing an electric __ 
shock through or over them; such, for instance, as a lump of loaf-sugar, ie 
which shines for several seconds afterwards with a beautiful blue light. 
(SxrimsuireE in Nicholson’s Jour., xv., xvi., and xix.) eg 

3. SponranrnousLty PHospHoRESCENT SupsTANcES.—Under this head 
we may place a variety of animal substances which, under certain 
circumstances, emit light. The flesh of certain fresh and salt water 
fish becomes luminous previously to its putrefaction; of these the tench | 
and carp, and the herring and sole, are perhaps the most remarkable; 
the fish should be gutted and split, and the scales scraped off; if placed . 
in a dark cellar, they are then often observed to shine within twelve or 
twenty-four hours, the time depending upon the temperature and state of 
the atmosphere, and probably other causes which have not been deter- 
mined: this appearance ensues before any bad odour is perceptibly exhaled; 
and soles are often luminous in the dark, when perfectly fit for the table. 
Lobsters and crabs, under similar circumstances, are often very rich in 
phosphorescent matter. It appears, from the experiments of Canton and 
of Dr. Hulme (Phil. Trans., vols. Lix., xe., and xci.), that sea-fish become _ 
luminous in about twelve hours after death, that it increases till putre- 
faction is evident, and that it then decreases. Immersion in sea-water 
does not effect this luminous matter; on the contrary, the brine is itself 
rendered luminous: but itis extinguished by pure water, and bya variety _ 
of substances which act chemically upon the animal matter. The liga- 
mentous parts are more luminous than muscular fibre; especially the eyes. 
Phosphorescence is rarely observed in the flesh of quadrupeds, and never 
in that of birds, under any circumstances of decomposition. 

There are many living animals which have various powers of emitting _ 
light. One of these is the glow-worm; and there are others which, under 
certain circumstances, are powerfully phosphorescent. The common 
hundred-legged worm, found under bricks and pots in the garden, exhibits 
brilliant flashes of light when irritated. The lantern and jfire-flies of 
warmer climates are also remarkable for their emission of light. 

Dr. Macculloch, in his work on the Western Islands of Scotland, and 
in a paper published in the Quarterly Journal (xi. 249), has detailed 
some valuable facts respecting that beautiful appearance of light in sea- 
water, so well known to those who are conversant with the ocean during 
the darkness of night; he has shown that the sea is often’ crowded with | 
worms and insects nearly invisible, and that its luminous property not 
only bears a relation to the existence and number of these at any time, 
but may generally be traced to’ the individuals by which it is caused. 

_ One of these luminous animals, described by Captain Home, is figured — 
in the Quarterly. Journal. N. 8., vol. iv., p. 383. : 

In the vegetable world phosphorescence is a less common quality. 
Decayed wood, and occasionally peat, have been observed to omit a faint 
light; and there are a few flowers, among which may be mentioned the 

" tuberose, nasturtium, and marigold (Tropeolum majus, and Calendula — 
vulgaris), which have occasionally been observed to give out brilliant 
flashes upon a warm summer's evening. The leaves of the Phytolacca 
decandra, have also been seen to emit light, and a similar appearance 
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is mentioned by Mr. Mornay, peculiar to the sap of a Brazilian Euphorbia. 
There are certain mosses too, which occasionally phosphoresee; and some 
species of .Rhizomorpha have been observed to be luminous in mines. 

Certain substances emit light during crystallization: this has been 
occasionally observed with sulphate of potassa, but the phenomenon, 
according to H. Rose (Ann. de. Chem. et Phys., Lxi. 288), is most dis- 
tinctly observed during the crystallization of arsenious acid from its 
solution in hydrochloric acid. About an ounce of the vitreous acid (not the 

.. opaque or pulyerulous) should be dissolved in three ounces of the acid, 
diluted by an ounce of water; it should be boiled for about a quarter of 
an hour, and then suffered to cool very slowly, which is best effected by 
gradually diminishing the flame of the spirit-lamp used for heating it; in 
a dark place each crystal that is formed produces a spark of light, and on 
shaking the flask many crystals are often suddenly deposited, attended 
by vivid flashes. 

We have now enumerated some of the leading cases of what is pro- 
perly called phosphorescence; it appears to consist in an emission of 
light, independent of ignition or combustion, and referable to a variety of 
causes, none of which have been very satisfactorily investigated or 
explained. There are numerous other cases of luminosity referable to 
changes in the electric states of bodies, and which will afterwards be 
noticed in detail. 


§ 19.—Errects oF RapiaTIon In Nature. 


Tue earth, part of the surface of which is daily exposed to the action 
of the solar beams, will absorb the rays with various degrees of facility 
- depending upon the nature of the surface; and during the night it will 
again radiate, or throw off a portion of the heat it has so acquired. 
It has been ascertained that the extent to which this diminution of tem- 
perature takes place, is greatly dependent upon the aspect of the sky; 
when the night is clear, and the heavens cloudless, it goes on more 
rapidly, and to a much greater extent, than when the sky is overcast 
and cloudy; and hence it is, that upon clear nights there is a much 
greater deposition of dew than in cloudy weather. To understand this, 
it must be recollected, that dew is not a kind of fine rain showering down 
upon the earth from above, but that it depends upon the deposition of 
moisture contained in the state of vapour in the air, and is, in its forma- 
tion, precisely similar to what happens when a glass of iced water is 
brought into a warm room in summer; the coldness of its surface 
abstracts the heat from the vapour in the air, and causes its condensation 
in the form of water,’ which is deposited exactly like dew upon the 
outside of the vessel*. So the earth, upon a fine cloudless night, accord- 


* This is also the reason why thick | cold throughout; upon a sudden thaw 
and substantial walls in the interior of | attended by a very humid state of atmo- 
houses become damp, and often very | sphere, the vapour or moisture of the air 
wet, in certain states and changesof | is condensed in the liquid state upon 
weather. They are so massive as to re- | these cold surfaces, because they abstract 
tain an acquired temperature for a long | its heat, and consequently cause it torun 


time, and during a winter’s frost become ' down in the form of water. 
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ing to some, in consequence of the accelerated radiation of its own heat, 
and to others, in consequence of the radiation of cold from above, becomes 


colder considerably than the superincumbent atmosphere, and therefore 


the aqueous vapour, more or less of which is always contained in the air, 


is condensed in the liquid form upon the surface of the ground; and, of 
course, most abundantly, upon those parts of the surface, which being © 


the best radiators, or receivers of radiant matter, have their temperatures 


most depressed. Thus, walking in the garden upon a bright autumnal 


morning, after a clear night, we observe the dew very unequally deposited: 
it is commonly most abundant upon the grass-plats, for mown grass is an 
excellent radiator; it becomes, therefore, colder than the adjacent gravel- 
walks, upon which the dew is less abundant. If we place a thermo- 
meter upon the grass, and another upon the gravel, we shall find the 
former sink several degrees below the latter; and under circumstances 
favourable to the deposition of the dew, the earth’s surface will always 
be found colder than the air above it. A thermometer on the grass has 
been observed, under favourable circumstances, to fall as much as from 
twenty to thirty degrees below one suspended some feet above it. The 
consequence is, that the lower strata of the atmosphere in contact with 
the cold surface of the earth, are considerably colder than the higher parts; 
and if the air is tranquil, will remain so for some time, especially in 
hollows, and other places protected from currents, and where the warm 
and the cold air are not therefore mixed by mechanical agitation. Hence it 
is that delicate plants often suffer more in situations apparently protected, 
than in those which are open and exposed, and where the cold air has 
not such a chance of lying quiet upon the surface. 

All good radiators, exposed upon the earth’s surface, will become 
colder than bad ones; if, therefore, we place upon an exposed gravel-walk 


a piece of flannel and a piece of tin-foil, the former will have abundance © 
of dew thrown down upon it, and the latter none; and, in reference to. 


this fact, it is curious to observe the influence of the natural textures and 
surfaces of foliage. Smooth, varnished leaves, have no dew deposited 


upon them, under circumstances in which there is an abundant deposition 


upon rough and downy leaves; the former, therefore, seldom suffer from. 
this cause of cold, but the latter are often frost-nipped. 

The remarkable influence of clouds in preventing radiation, seems 
first to have been noticed by Dr. Wells, whose Essay on Dew deserves 
the attentive perusal of all who are interested in this part of meteorology. 


He found that, if the night, at first clear, becomes cloudy, the temperature - 


of the grass always rises, independent of any changes of calmness, and 
nearly so of change of atmospheric temperature. Upon one such night 
the grass, after having been twelve degrees colder than the air, became 


only two degrees colder, the temperature of the atmosphere remaining 


stationary ; and, on another occasion, the temperature of the grass rose 
Jifteen degrees, while the air only sustained an increase of three and 
a half. Any protection interposed between the earth and sky, prevents 


radiation, in the same way as a cloud. If we place four poles in the — 


ground, and stretch a mat or canvass upon them, the plot underneath will 
be effectually preserved from those changes of temperature referable to the 
escape of radiant heat from the surface, or, to the reception of radiant 
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cold from above. In this way gardeners protect young and tender plants; 
though it is obvious that any general changes, dependent merely upon 
atmospheric temperature, would not be interfered with, nor the cold kept 
off by such a contrivance. . 
Radiation, therefore, is constantly going on from the earth towaids 
the regions above. If we place the bulb of a delicate thermometer, espe- 
cially if it be covered with some good radiating substance, in the focus of 
a coneave metallic. mirror turned towards the clear sky, it will indicate 
cold: this was referred by Leslie to radiation of cold from the regions of 
space; and thus he employed a differential air-thermometer in the construc- 
tion of his “thrioscope (See Encyc. Brit., Art. CuiMats,) to indicate, as 
he terms it, “cold pulses emanating from the sky,” or, as others have 
expressed it, to give a comparative idea of radiation proceeding from the 
surface. of the earth towards the region of perpetual congelation in the 
atmosphere. ‘The thermometer is protected by its position from the 
radiation of surrounding objects, and its own radiant heat is projected 
towards the clear space, or falling upon the concave surface of the mirror, 
is reflected in parallel lines in the same direction. This effect is pro- 
duced even while the sun is above the horizon, provided the mirror be 
turned from the direct rays of that luminary; and at night a depression 
of 17° below the temperature of the air and surrounding objects may 
commonly be produced. Perfect stillness of the atmosphere is necessary, 
and perfect transparency also, for otherwise the balance of temperature is 
soon restored by convection, and the slightest mist destroys the effect by a 
counter-radiation.” Dante, § 275. . 
In the eighty-third volume of the Philosophical Transactions, Mr. 
_ Williams has described the mode of obtaining ice in Bengal, where the 
atmospheric temperature never falls to the freezing-point. It is evidently 
chiefly effected by radiation from the surface of shallow pans of water 
(and water is an excellent radiator), which are placed upon dry stubble 
in open situations: calm, serene, and cloudless nights are most favourable 
to the purpose; and thin crusts of ice are thus frequently obtained. In 
such cases the production of cold has sometimes been referred to evapo- 
ration, but that this is not the cause of the diminution of temperature, in 
the present instance, is proved by the peculiar circumstances requisite for 
the success of the operation being entirely independent of it. 


§ 20.—Or IanitioN AND ComMBUSTION. 


Ir will be evident, from the contents of the few preceding pages, that 
there is a connexion between light and heat, and that they are mutually — 
disposed to produce each other; indeed, they are probably convertible into 
each other; but these, and other mysterious relations between them are 
as yet very imperfectly understood. 

In the mean time it may be right to mention a supposed exception to 
the relationship between heat and light, furnished by an examination of 
the lunar rays, which, though concentrated by the most powerful lenses, 
are incapable of affecting very delicate thermometers. De la Hire col- © 
lected the rays of the full moon when in the meridian, by a lens thirty- 
five inches in diameter, and threw them upon the bulb of a very sensible | 
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air-thermometer, but they produced no effect, though they were thus 
concentrated 306 times. It is not, however, surprising that the moon- 
beam should be thus inefficient, when we consider the extreme feebleness 
of its illuminating power, as compared with a solar ray of the same size; 
the light of the latter being at least 300,000 times greater than that ofthe 
‘former. It appears probable, therefore, that the properties of the moon- — 
beam are to be referred to its feebleness, as compared with that of the sun, 
though there may be some peculiarity in its nature, or some power in the 
surface of the moon of retaining the heat, whilst it emits the light 
received from the sun. It has even been supposed that the moon may 
radiate cold. . 

By the terms ignition, and incandescence, we express a property 
which bodies possess of giving out light, whenever their temperatures 
are raised up to a certain high point.. The quantity of light thus emitted 
increases with their temperature: at first it is dim and feeble; then it be- 
comes dingy red, and the bodies are said to be red-hot; then bright red, 
commonly called a cherry-red heat; then, as the temperature increases, 
the body becomes of an orange or yellow tint, and at length acquires such 
brillianey as to be painful to the eye; the latter is usually termed while 
heat. a4 
Various experiments have been instituted to determine the tempera 
ture at which bodies become visibly red-hot; this, in a dark place, cer- 
tainly exceeds six hundred and sixty degrees of Fahrenheit’s scale, for at 
that temperature mercury boils, and it is not, in the least degree, luminous, 
Sir H. Davy’s experiments place the degree of incipient luminosity in a 
dark place at about 810°. A dull red, visible in daylight, is. probably 
equal to about 1000°, a full red heat to 1200°, an orange heat to 1700°, 
and a white heat to 3000°. 

These observations of course only apply to bodies capable of sustain= _ 
ing high temperatures without changing their'state, or undergoing decom-_ 
position, most substances being either dissipated or destroyed before they 
attain the requisite temperature for ignition; or, if heated in the air, 
inflaming and undergoing combustion. . 

In all the ordinary cases of combustion air is present, and the pheno- 
mena presented by the burning body are referable to the chemical action 
which ensues, at high temperatures, between it and one of the component 
parts of the air, called oxygen, which, being invisible, long escaped obser- 
vation as an important agent in the process, and of which we shall have 
to speak at length hereafter. | 

The temperatures at which bodies burn or inflame in the air are 
extremely various; some take fire under all circumstances the moment 
E. they are exposed to it; others require their temperatures to be more or 
: less elevated; and some refuse to burn under any circumstances. Thus. 
we speak of combustible and incombustible, or inflammable and uninflam=— 
mable bodies; and we call the oxygen of the atmosphere, and such other — 
bodies as are possessed of similar powers, supporters of combustion. All — 
common cases of combustion, then, taking place in the atmosphere, depend — 
upon the union of the combustible with oxygen; between these bodies — 
there necessarily exists a strong chemical attraction, and of this, one of 
the results is the evolution of heat and light. “16E ae 
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The result of the union of the combustible with the supporter, is 
ealled the product of combustion; it is very commonly gas or vapour, and 
eludes ordinary observation: thus, the immense quantity of coal daily 
consumed as common fuel, combines with the oxygen of the air, and 
forms several products, of which the principal are carbonic acid gas and 
steam; and these pass off by the chimney, and are dissipated in an invi- 
sible state through the immense mass of the atmosphere. The incom- 
bustible earthy matter contained in the coal resists combustion, and forms 
ashes; or, mixing with a part of the coal, renders it difficult of combus- 
tion, aS we see in cinders. 

But the product of combustion is often a solid body; thus, if we 
throw .4 piece of the metal zinc into the fire, or heat it red-hot in a cruci- 
ble, it burns with a very vivid flame, and a quantity of a solid white 
substance is produced, which is a compound of the metal and the oxygen 
of the air, and is, therefore, called oxide of zinc. 

Nothing is more common than to speak of the destruction of bodies 
by combustion; but the term is in so far improper, inasmuch as matter 
is indestructible; and when we seem to destroy a coal by burning it, we, 
in fact, only cause it to enter into new combinations; and the carbon 
which it chiefly consists of, although it apparently disappears, has only 
entered into a new combination, which may be found escaping from the 
chimney in the invisible state of air or gas, but from which the solid car- 
bon may again be obtained by certain chemical operations. 

Such are the general results of combustion: they have here been 
adverted to in order to explain the nature of flame, a subject which has 
been studied with much attention and curious results by several eminent 


ca 


chemists. s © : 

It has often been doubted whether pure gaseous matter is, under any 
circumstances, susceptible of becoming luminous; certain it is, that its 
temperature may be elevated far beyond that which is required to ignite 
solid bodies, and it yet remains invisible. By passing air over heated 
surfaces, its temperature has been so far elevated as to render metallic 
wires red-hot, yet was the air itself not at all luminous. Of this a good 
instance is afforded by the air that issues from the lamp-glass of an 
Argand gas-burner, which, though not luminous, will heat a fine wire 
red, or even. white hot, held some inches above it. Flame, however, may, 
in general, be regarded as luminous gaseous matter, and its temperature 


_ is under certain circumstances very intense, even where the light which 


it emits is excessively feeble. Perhaps the purest form of flame which 
we can exhibit is that of hydrogen gas; its light is so feeble as scarcely to 
be visible in broad daylight; yet its temperature is very high, as may be 
shown by holding a fine platinum wire in it, which immediately becomes 
white-hot: the other metals, under similar circumstances, are generally 
melted or burned. 

Upon what, then, does the luminosity of a flame, which renders it 
valuable as a source of artificial light, depend? Principally upon solid 
matter diffused through it, and ignited by it. In the experiment just 
cited, the flame of the hydrogen is rendered luminous by the wire; and 


_ if we blow any substance through it in fine dust, its brightness will be 
_ proportionately increased, though the solid matter be not itself inflam- 
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mable; as, for instance, if we sift a little lime or magnesia into or + 

through it. a 
The extent to which the light may be increased is also well illustrated 
by the ignition of lime in the oxyhydrogen blowpipe, as suggested by 
Drummond (Phil. Trans., 1826, p. 324), and as since used for the illu- 


mination of the solar microscope. That it is the vapour of the lime, 
raised to this high temperature, that occasions the intensity of the light, 
is shown by the roof of the lantern being covered by a sublimate of lime. _ 
There can be little doubt that the brilliancy of the voltaic discharge between 
points of charcoal is partly referable also to the formation and ignition of 
volatilized carbon. There are few instances of amore luminous flame than 
that of phosphorus, in which the great evolution of light depends upon 
the ignition of the produced phosphoric acid, and if this acid (forming the 
smoke of phosphorus) be led by a tube into the flames of alcohol or of 
hydrogen, it greatly increases their luminosity. . 

In the flame of tallow, wax, oil, and coal-gas, the brilliancy of the light 
is chiefly owing to very finely-divided charcoal, which is blended with, 
and burned in, the flame, and which, if in too large quantity, causes the 
flame to smoke, as we see especially in ill-made tallow-candles, which, 
notwithstanding frequent snuffing, throw off a quantity of soot into the 
surrounding atmosphere, creating a disagreeable suffocating smell, and 
blackening the walls and ceilings of our apartments*. | 

Such, then, appears to be the source of the light of flames; but there 
are some other curious particulars respecting their construction, which 
require more full explanation. In a common candle, the wax or tallow 
is drawn into the burning wick by capillary attraction, and is there 
converted into vapour, which ascends in the form of a conical column, 
and has its temperature sufficiently elevated to cause it to combine with — 
the oxygen of the surrounding atmosphere with a temperature equivalent 
r to a white heat. But this combustion is superficial only, the flame being - 

a thin film of white-hot vapour, enclosing an interior portion, which 

cannot burn for want of oxygen. ‘That this is the case is easily shown, — 
by bringing down a piece of thin glass upon the flame of a candle, so as" 
to cause a transverse section of the flames We shall then observe a ring 
of light surrounding the interior dark part of the cone (fig. 96,) and the - 


4 


* For all common purposes of illumi- 
nation it is essential that the constitution 


- of the light of flames should resemble 


that of the sun, and, like it, consist of a 
due admixture of the primary colours; 
it is seldom, however, that artificial 
light is perfect in this respect, and ac- 
cordingly it is not suited to the correct 
and perfect display of colours, and when 
viewed through a prism generally shows 


a predominance of some one tint. The 


influence of light of one colour upon ex- 
ternal objects is seen by viewing them 
through coloured glasses, or more per- 
fectly by illuminating them by a mono- 
chromatic flame. We obtain an effect 
of this kind by a lamp fed with spirit 


of wine burning in a wick impregnated 


with common salt, and which, as it pro- | 


duces little else than yellow light, has 


been called a monochromatic-lamp; it 
shows no perfect colour except yellow, 


and furnishes a curious analysis of such — 


compound colours as contain yellow by 
converting them to that tint; all other — 


colours appear very dingy, and nearly 


black. The brilliant red of cinnabar, as — 
in sealing-wax, and of iodide of mercury _ 


appear pale yellow; that of cochineal, as 


in. lake and red morocco, looks black; so 


also do the brilliant blues of smalt and — 


ultramarine. See Sir D, BrewsTER’s 


Letters on Natural Magic, p. 107. 
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vertical section of the flame will put on an appearance re- 
sembling fig. 97. To prove that the interior dark part. 
consists “of inflammable gaseous matter, we may insert one 
end of a small glass tube into the dark centrical portion of 
the flame of a large candle, and the interior gas will then 
make its escape through it, and may be lighted at the other 
end of the tube, so as to form a second flame Fig. 98, a, 
shows a section of the flame; 6 the glass tube held in 
an inclined position in the central part of the flame; c the 
inflammable gas kindled at its extremity. | 
It is in consequence of this structure of flame 
that we so materially increase its heat, by propel- 
‘ling a current of air through it by the blowpipe, or 
by supplying its interior with oxygen, as in the gas 
jet suggested by Mr. Daniell (Phil. Mag. 3rd 
series, II., 57). The perfection of the Argand | 
burner is also referable to the same cause. alt 
These peculiarities become more evident in 
larger flames; so if in a steady atmosphere we 
inflame some ether or alcohol in a small capsule, 
we may introduce phosphorus or gunpowder into 
the centre of it, and they will not be inflamed: 

a large jet of gas issuing from the top ofa lamp glass, 
‘may, with a little management, be so inflamed as not 
to pass down to the orifice of the burner, and it then 
forms a hollow cone of flame; a small rod of wood, 
such as a pencil, or a piece of twisted paper, may 
then be placed across the flame, and it will only be 
charred or burned at the luminous surface, and not 
at all affected in the centre. a represents the lamp- 
glass, through which the current of gas is passing; 6 
the cone of flame at its mouth; a piece of wood 
laid across it is singed at cs; and by the tube, d, gas 
may be drawn out of the interior, and inflamed at its 

other extremity. 

| There are.several substances which burn at lower 
temperatures than required for the production of 
flame. We often see the coals in a common fire 
glowing at a dull red heat, but not hot enough to in- 
flame the smoke, or flammable gas and vapour that 
_ passes over them, which however may be immediately 
effected by a piece of flaming paper, or by stirring the fire, which not only 
accelerates the combustion, but mixes air with the vapour, so as to render 
it more easily inflamed.. The long-continued glowing of the wick of a 
green wax taper (coloured by verdigris) is another case of combustion, 
going on at a temperature below that of flame; so is the luminosity of a 
stick of phosphorus. The phenomena attendant upon such states. of 

- combustion are highly curious: when, for instance, spirit of wine 
is burned with flame in the usual way, carbonic acid and water are — 
the products of its combustion; but when burned without flame, it pro- 
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duces acetic acid. The mode of effecting this slow combustion is sufli- 


ciently simple. A small spiral coil of fine platinum wire is placed upon 


a> 


the wick of a spirit-lamp, and allowed to project. . 


about a fourth of an inch above it, as represented 
in fig. 100. ‘The lamp is then lighted, and suffered 
to burn for a few seconds, when the flame is put out 
by an extinguisher, which, however, must be instan- 
taneously removed. In this way the coil of wire 


of the alcoholic vapour, and it continues to glow with 
a red heat as long as spirit remains in the lamp, and 
to produce the peculiar acetic product just men- 
tioned: in this way of proceeding, the heat never 
- vapour to burn with flame. : 
There is another, and a very instructive way of 
making a similar experiment, which consists in pour 
ing a teaspoonful of ether into a tall ale-glass, or 
small jar of the form represented in fig. 101, and 
then suspending in it a coil of fine platinum wire, 
previously heated by holding it for a minute in the 
- flame ofa spirit-lamp. The wire being now immersed 
? nearly red-hot into the mixture of atmospheric air and 
ethereal vapour, glows with a red heat, causing the 
slow combustion of the vapour. It often happens that a part of the wire 
becomes while-hot, and in that case flame is produced, and the ether burns 
with its usual products; but so long as the wire continues only red-hot, no 
inflammation ensues. 
It follows, then, that flame requires a very high temperature for its 
existence; and, consequently, that if we can devise any mode of cooling 


retains heat enough to carry on the slow combustion 


becomes intense enough to cause the inflammable 


it, it will be extinguished. A very small flame, for instance, is extin= 


guished by bringing a large mass of iron near it, or by carefully surrounding — 


it by a coil of wire; the metal abstracts its heat. But by far the most 


interesting experiments upon this subject are made by help of brass or iron — 


Wire-gauze, which may be obtained of different degrees of fineness, 


meshes in the square inch: bring it gradually down 
upon the flame of a wax-candle, or, what answers 
better in all these cases, upon a jet of coal-gas, and 


duced. The flame will be cut off where it touches 


96.) In this ease the inflammable matter of the flame 


are easily shown. a” 
Procure a piece of this gauze about nine inches — 
squara, and of such fineness as to have about thirty — 


and with which the following illustrative experiments _ 


an 


the appearances represented in fig. 102 will be pro- 


the gauze, and we have a good opportunity of observ- — 
ing the exterior luminous circle described above (fig. — 


(in the form of smoke) passes through the wire-gauze; _ 
but, in its passage, it is so far cooled as to be eatin 
guished,and the flame is thus prevented from traversing 


ay 


he 
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the wire-gauze. If we now bring’a lighted taper above the flame, to the 
upper side of the wire-gauze, the gas or smoke will be kindled, and the 
flame continue to burn uninterruptedly, as in fig. 103. 

_ If the meshes of the wire-gauze used in these experiments be not suf= 
ficiently small, or if the wire becomes intensely heated, the flame will pass 
in either instance; because the cooling power is in the one case prevented 
by the largeness of the apertures, and, in the other, by the high temperature 
of the wire; or, the wire-gauze may be held ina jet of uninflamed gas, 
and lighted upon its upper surface, in which case the flame burns there, 
but cannot descend through.the gauze to kindle the gas at the orifice of the 
burner. This experiment may be curiously varied by placing a small piece 
of camphor in the centre of a piece of wire-gauze about a foot square, 
and applying a flame to its /ower surface. The vapour of the camphor, 
which is very inflammable, burns with a bright flame upon the lower 
surface of the gauze, but cannot pass upwards through it, in consequence 
of its cooling power; so that the camphor itself lies upon the surface of 
the gauze, in an uninflamed state, though sufficiently heated to furnish 
inflammable vapour for the sustenance of the flame beneath. 

The power of a metallic tissue thus to intercept or extinguish flame 
will depend upon the heat required to produce the combustion, as compared 
with that acquired by the tissue; and the flame of the most inflammable 
substances, and of those that produce most heat in combustion, will pass 
through a metallic tissue that will intercept the flame of less inflammable 
substances, or those that produce little heat in combustion: so that 
different flames will pass through at different degrees of temperature. 
The cooling power of the wire-gauze is referable to its excellent 

conducting power for heat; it also, by use, becomes a powerful radiator 
of heat. 

These, and many other interesting investigations connected with the 
subject of flame, we owe to Sir H. Davy, who most ingeniously applied 
them in the construction of his miners’ safety-lamp. 

Coal-mines are often infested by a species of inflam- 

-mable gas (carburetted hydrogen), known under the 
name of jfire-damp, which, when mingled in certain 
proportions with atmospheric air, forms a mixture 
which explodes upon the contact of flame. Attempts 

_ had been made to light such mines so as to avoid explo- 
‘sion, but none were effectual; at length Sir H. Davy 
constructed a lamp upon the principles explained, which. 
has been used with safety and success. 

It is obvious, that if we place a lighted lanip or 
candle within a perfect cage of wire-gauze,:no flame 
will be able to penetrate from within to the surrounding 
medium, in consequence of the cooling power of the 
metallic tissue. The annexed figure (104) represents 
a lamp constructed upon such principles. A isacylinder 
of wire-gauze, with a double top, carefully fastened, by 
doubling over, to the brass rim B, which screws on to 
the lamp c. The whole is protected and rendered con- 
_yenient for carrying, by the frame and ringp. If the 
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cylinder be of twilled wire-gauze, the wire should be at least of the 
thickness of one-fortieth of an inch, and of iron or copper, and 30 in the — i 
warp, and 16 or 18 in the weft to the square inch. If of plain wire-gauze, | 
the wire should not be less than one-sixtieth of an inch in thickness, 
and from 28 to 30 both warp and woof.—(Davy on the Safety-lamp, — 
p. 114, et seq.) | ENE : a 
The operation of this lamp may be shown by suspending in it a glass _ 
jar, and then admitting a sufficient stream of coal-gas to render the en- 
closed atmosphere explosive: or, what answers nearly as well, by 
immersing it into a jar, at the bottom of which is a little ether, — 
and which supplies, by its vapour, an inflammable atmosphere. The 
flame of the lamp first enlarges, and is then extinguished, the whole 
of the cage being filled with a lambent blue light; on turning off the 
supply of gas, or gently blowing the ethereal ‘vapour out of the vessel, 
this appearance gradually. ceases, and the wick becomes rekindled when 
the atmosphere returns to its natural state. | _ 

As the safety of these lamps entirely depends upon the perfect state of — 
the wire-gauze, and upon the non-existence of any aperture or channel ~ 
sufficiently large to admit of the passage of flame, they should, when in ~ 
use in a-coal-mine, be inspected daily. In. gas-manufactories, spirit- 
warehouses, and in all cases where inflammable vapours or gases are likely _ 
to be generated, as in the examination of foul sewers and drains, it is 


obvious that these lamps are importantly applicable”. 


* It has been shown, that by throwing 
a strong jet of coal-gas and air, in 
explosive proportions, upon the wire- 
gauze of these lamps, the flame occa- 
sionally passes, and this circumstance 
has been urged as a new experiment, 
proving the inefficiency of Sir Hum- 
phry’s safety-lamp: but all practical and 
unprejudiced experience shows, that 
when carefully attended to, and used 
with common caution (which unfortu- 
nately is not always the case), they are 
perfect and efficient safeguards. That 
Sir Humphry was aware of the possibility 
of causing the flame to pass is obvious 
from the following passages of his essay. 

‘‘Single iron wire-gauze of the kind 
used in the common miner’s lamp, is im- 
permeable to the flame of all*currents of 
fire-damp, as long as it is not heated above 


vedness; but if the iron wire be made to 
burn, of course it can be no longer safe; — 
and though such a circumstance can per- — 
haps never happen in a colliery, yet it 
ought to be known and guarded against.” 
“Tf a workman, having only a com- — 

mon single lamp, finds the temperature _ 
of the wire increasing rapidly in an ex- 
plosive mixture near a blower, he can — 
easily diminish the heat by turning his — 
back upon the current; and keeping it & 
from playing upon the lamp, by means 
of his clothes or his body; or by bring- _ 
ing the lamp nearer the orifice from _ 
which the fire-damp issues, he may ex- _ 
tinguish it: and there never can be any 
occasion for him to place his lamp in the — 
exact point where two currents, one of — 
fresh air and one of fire-damp, meet — 
each other.” el Be 
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CHAPTER III. 
CHEMICAL ATTRACTION, OR AFFINITY. 


In a former chapter we have considered attraction as disposing the - 

j similar particles of bodies to adhere, so as to form masses or aggregates ; 
and, in many instances, to arrange themselves according to peculiar 
laws, and to assume regular geometrical figures. We then proceeded to 
_ Show that heat, or calorific repulsion, was a power opposed to aggregation, 
_ tending to separate the particles of matter, and in many ways connected 
_ with those extraordinary phenomena which have been referred to etherial 
_ matter, and under which we were led to speak of light and radiant heat. 
: We are now to give an outline of the extensive changes which result 
from certain attractive powers, appertaining to dissimilar particles of 
matter, and sometimes therefore called heterogeneous, in opposition to 
homogeneous, attraction; they are usually comprehended under the term 

chemical affinity. 


* 


§ 1.—GeneraL Regutts or Carica ATrRAction. 


A Goop instance of chemical attraction is afforded by the mutual 
action of copper and sulphur. If 16 parts of sulphur broken into small 
fragments be mixed in a glass flask with 60 parts of copper filings, or 
turnings, no action ensues; they may be triturated together, but still 
-Yemain a mere mixture of sulphur and copper; but; if heat be applied, so 
as to fuse and vaporise the sulphur, the copper presently ‘begins to 
combine with it; heat and light are evolved, the copper glowing and 
burning in the sulphur vapour; and a brittle black compound, quite unlike 
sulphur or copper, namely, a sulphuret of copper, is the result. This 

_ simple experiment furnishes the following facts for consideration. First, 

it shows that mechanical aggregation is opposed in this case to che- 
mical action, and that the sulphur and copper do’ not combine, till the 
aggregation of the former is diminished or overcome by heat. 2nd. That 
chemical action is here attended by the phenomena of combustion. 3rd. 
That the product has properties essentially different from those of its 

component parts. 4th. That sulphur and copper combine in certain pro- 
portions only; certain definite quantities of sulphur and copper being 
required to form the sulphured. 

We may first observe, that chemical action is promoted by whatever 
tends to diminish aggregation or to disintegrate and separate the parti- 
cles of matter. In the preceding case, this is effected by heat; although 
it be true, as. we shall afterwards find, that electrical powers may thus be 
exalted and called into action. It is this property or effect of heat, that 
renders it so essential an agent in many chemical operations, both upon 
the large and small scale. | . 

Another mode of diminishing aggregation, and thereby promoting 
chemical action, is solution, the importance of which, as a prelude to the 
process of crystallization, has already been noticed (p. 110): its effects are 
shown by pouring water upon the mixture of tartaric acid and bicarbonate 
(of soda, commonly termed effervescent or sodaic powders ; the materials; 


a a 


2 


930 CUEMICAL ATTRACTION. 


when dry, have no mutual action, but, when disgolved in water, the acid a 
immediately decomposes the earbonate. Hence arose the old, thou 
not perfectly correct, chemical axiom, “ Corpora non agunt nist sin 
soluta.” . | SoM a 
But, in many instances, the mere diminution of aggregation by 
mechanical means, is effective in enabling substances to act ch icall 
upon each other; thus, chlorine has little action upon a lum 
metallic antimony, but powdered antimony thrown into the gas i 
diately burns, and produces a chloride of antimony: a piece of marble | 
into dilute hydrochloric acid, is only slowly acted on; but when the su 
is increased, and the aggregation overcome by pulverisation, it 1s rapidly 
decomposed and dissolved. Lead, in its ordinary state, is scarcely acted 
upon by the air at common temperatures ; but if the salt, called tarir 
of lead, be heated red-hot, in a small tube or phial, the black mat 
which is obtained contains the lead in a state of very minute mechani 
division, and in this state it takes fire upon exposure to air. There are 
some cases of chemical attraction, promoted apparently by peculiar 
states of the surfaces of bodies, which are of an extraordinary nature, 3 
and not easily explained: such are the action of certain porous bodies, 
and of perfectly clean, or finely divided (spongy) platinum upon certain = 
gaseous mixtures: these we shall again refer to. i 
The evolution of heat and light, attending chemical action, is espe- 
cially observed where the mutual affinities are intense, or where combi- — 
nation is rapid, and the electrical states of the acting bodies are eminently it 
opposed. That it is not always explicable upon the theory of latent heat, or 
increase of density, is evident from the numerous cases ofan opposite 
nature in whichit occurs, asin the explosion of, for instance, fulminating 
mercury, and the expansion (attended by decomposition) of the oxide af 
chlorine. Nor does it appear that any one kind of matter is essential to 
combustion: it is a universal effect of intense chemical action, and pro- 
portionate to its rapidity: this is well illustrated in the slow and rapid 
combustion of phosphorus; the former exhibits a pale blue light, visible 
only in the dark, and attended by trifling elevation of temperature; the — | 
latter is brilliant in the extreme. When a candle burns, the substances z | 
of which it is composed are entering into chemical combination with the 
oxygen of the surrounding atmosphere; so also with respect to the coals 
consumed in our fires; and in both cases we observe the combustibles 
gradually losing their solid form, and acquiring an invisible aériform 
state; dissolving, as it were, in the air, and disappearing. If we apply — 
a spark toa small heap of gunpowder, it is instantly dissipated in the — 
gaseous form, and a bright flame ensues. In these cases it will always 
be remembered that there is no destruction of matter, but that the 
charcoal and other substances, composing the candle, the coal, and the — 
gunpowder, have merely entered into new chemical arrangements, and 
are to be found, as we shall afterwards particularly show, in the products i 
of combustion. ! . : | Ss 
The next result of chemical action is, the production of forms of matter — 
possessed of properties entirely distinct from those of their component — 
parts, so that it is impossible to anticipate, from our knowledge of the 
characters of the latter, those which are to belong to the resulting com- 


| 


| 


“aha dead 


— 


RESULTS OF CHEMICAL ACTION. | 231 


pound: hence chemistry is essentially a science of experiment. Oil of 
vitriol, for instance, or sulphuric acid, is a highly acrid and corrosive 
liquid, but it is composed of tasteless and comparatively inert elements, 


namely, oxygen, sulphur, and water. The elements, oxygen and nitrogen, 


which, in a state of mechanical mixture, constitute the air we breathe, 
give rise, when chemically combined, to one of the most active agents of 
the laboratory; namely, nitric acid. Again, if sulphuric or nitric acids 
be combined with caustic potassa, comparatively mild and inert neutral - 


salts result, namely, the su/phate and the nitrate of potassa, in which 


_ none of the properties of the component acid and alkali can be recognised. 


In art, these remarkable changes are made subservient to the most im- 


hc portant purposes. A variety of extremely useful compounds are obtained 


_by the union of elements comparatively useless and unimportant; and, 
_by the decomposition of apparently insignificant compounds, their more 


useful and important elements or components are separated. In nature, 


_ analogous changes are more strikingly presented to our observation, and 


the flower, the shrub, and the tree, are seen gradually to be formed and 
developed out of materials contributed by the air and soil, and in all 
respects most dissimilar to the new products of the vegetable: it is true 
that in these, and in analogous cases which might be taken from the 
animal kingdom, the mysterious power of vitality interposes; but such 
changes are nevertheless chemical, and legitimate objects of chemical 
Inquiry. 

There are many beautiful experiments illustrative of the total change 
of all obvious properties of substances as a consequence of chemical com- 
bination; as one striking instance, we may adduce the mutual action of 
axygen and nitrous gases; these bodies are respectively permanently elastic 
fluids, without colour, taste, or smell: when mixed over water, they im-: 
mediately enter into chemical combination, lose their elastic form, become 
of a deep orange colour, intensely sour, and of a peculiar odour; in their 
separate state they are insoluble in water, but the body which has resulted 
from their combination is perfectly soluble’; in that fluid. 

Change. of colour is a common, but also an important, result of 
chemical res cee By exposure to light, air, and moisture, the greater 
number of colours are gradually destroyed, in consequence of the chemi- 
eal agencies that ensue; a similar destruction of colour takes place more: 
immediately upon the application of chlorine; and hence these agents. 
are resorted to, to effect the purpose of bleaching. In the arts of dyeing 


‘and calico-printing, not only are fugitive colours rendered permanent, but 


their tints are variously modified, by chemical means. Of the vegetable 
blues, there are many which are rendered red by an.acid, and green by an 
alkali; and hence paper stained with the juice of violets, or of the blue 
flag, or of the petals of the blue heart’s-ease, is useful as a test of the pre- 
sence of alkaline bodies. The same principle is applied to other purposes: 
if, for instance, an acid be gradually added to an alkaline solution, it is 
found that there are certain proportions in which they exactly neutralize 
each other; that is, a point at which the liquid neither exhibits acid nor 
alkaline characters. This point may be precisely learned by the above 
tests, for the solution then has no effect on the vegetable blue; but if 
either acid or alkali be predominant, that is, if the point of neutraliza-. 
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tion has not been exactly attained, 


if acid*. 


‘In other cases, change of colour announces the presence of pec! 
elements or compounds: thus ferrocyanide of potassium shows iron by a ae 
blue colour, copper by a brown, nickel by avery pale green, &c., and there e 
are Baatborless other tests applicable upon the same principle. ~ iy h 

Among the results of chemical action, we may next notice chew! x 
which relate to the change of state or form, sustained by the acting bodies. 
- When substances are burned in the air, they generally pass, as already 
observed, from the solid to the aériform state; and the deflagration of of 
gunpow der isa good instance of such sudden conversion; the converse 
change, that of gases into solids, is not so common, yet such cases are — 
When, for instance, ammonia and hydrochloric acid, 
both gases, are mixed, they immediately condense into a white salt % 
When one part of fuming nitric | 
acid is added to two of strong alcohol, the liquids presently disappear, — 


not unfrequent. 


which is hydrochlorate of ammonia. 
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then the test, by the tint wien igi ‘ 
assumes, announces the predominant element: green, if alkaline, and red, J 


with violent ebullition, in the form of aninflammable vapour; and when 


chlorine and eavbaretiae hydrogen 
of the appearance of oil. 


Liquids by combination produce solids, and Solids produce liquids. A a 
strong solution of chloride of calcium, mixed with one of carbonate of PA 
potassa, soon concrete when shaken together. 


gases are feo: they form a liqueee 


Excess of a strong solution 


of tartaric acid, added to strong liquid ammonia, solidify into bztartrate 


of ammonia, oth the evolution of heat. 


A mixture of pure alcohol added 


to a saturated solution of sulphate of magnesia, congeals into a crystal- — 


lized solid. Crystals of sulphate of soda, rubbed with an equal quantity - 
of nitrate of ammonia, gradually form a liquid. 
gams of lead and bismuth, when triturated together, assume a liquid form, _ 


and become cold. 


So also the solid amal- — 


§ 2.—TuHEorRY oF CoMBINATION AND DECOMPOSITION. 


CuEMIcAL affinity is frequently spoken of under the term elective — 
attraction, and is said to be either simple or complex. 


It is sufficiently — 


obvious that different bodies are possessed of different attractive powers: 


and, accordingly, if several be brought together, those which have the _ 
strongest mutual attractions will enter first into union: hence has arisen — 
If I pour dilute nitric acid upon a mixture of lime and 
magnesia, the acid will dissolve the lime in preference to the magnesia, — 


the above term. 


* The ¢est-papers used in the laboratory 
are generally blue litmus paper, for the 
detection of acids, and the same reddened 
by a weak acid, for the detection of alka- 
lies; the acids render the former red, 
and the alkalis restore the blue of the 
latter. Paper tinged yellow by turmeric 
is also useful in the detection of alkalis 
which change it to a more or less deep 
reddish-brown. My. Alfred Taylor re- 


| commends aera paper, ae by. aa 
strong infusion of the petals of the red — 
rose, as a more delicate test for alkalis — 
than turmeric: in a very strong alkali — 
it is turned greenish-brown, but when 
the alkaline solution is very dilute, its 
reaction is extremely delicate, and it 
becomes bright green: it will thus indi- a 
cate alkali where turmeric is not visibly = 


discoloured. 


— 
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The knowledge of this fact leads to the inference that tice would separate 

magnesia from its combination with nitric acid; and, accor dingly, if lime- 

water be added to a solution of nitrate of magnesia, nitrate of lime.is 

_ formed, and magnesia is thrown down or precipitated. gyzpuuric Actin. 
Upon this principle tables of attraction have been er 


constructed, in which the substance, whose affinities are Seaham 

to be De pressticd’ is placed at the head of acolumn, _—_Potagga, 

and the bodies with which it combines beneath it, in Soda. 

the order of their respective attractions; thus the affi- © Lime. | 

nity of sulphuric acid for several bases would be shown s pacanures 
mmonia, 


as annexed. 

From this table it would appear that baryta separates sulphuric acid 
from its compounds with all the inferior substances, and that ammonia 
is separated by all that are above it; there are, however, many cir- 
cumstances which. interfere with the usefulness and accuracy of such 
tables; in some cases the volatility, and in others the insolubility of one 
or other pr oducts influence the results; and sometimes there are apparent 
anomalies in the mutual agencies of bodies, which subvert the order of 
arrangement. This is especially the case in the decomposition of certain 
insoluble compounds by soluble salts. One of these, originally noticed 
by M. Dulong, (Ann. de Chim., uxxxii., Nicnotson’s Journ., 35 and 36,) 
has been pointed out by Mr. R. Phillips (Journal of Science and the 
Arts, vol. i., p. 80). He found that, on boiling carbonate of baryta in a 
solution of sulphate of potassa, sulphate of baryta and carbonate of 
_potassa were formed; and he also found that, on reversing the experi- 
ment, by boiling sulphate of baryta in a goluston of eivhouat of potassa, 
carbonate of baryta and sulphate of potassa were produced. The infer- 
ences deducible from Dulong’s researches upon this subject are, that all 
the insoluble salts are decomposed by the carbonates of potassa or soda; 
but that a mutual exchange of principles of these salts cannot in any 
case be complete: and that all the soluble salts, of which the acid forms 
with the base of the insoluble carbonate an insoluble salt, are decomposed 

_ by these carbonates until the decomposition has reached a certain limit, 
which it does not pass. (Ure’s Dict., Art. ATTRACTION.) 

In the mutual decompositions of steam by iron, and of oxide of iron 
by hydrogen, we have another apparent anomalous case of chemical 
action. When steam is passed over red-hot iron, a portion of it is decom- 
posed, hydrogen gas is evolved, and oxide of iron is formed; whence we 
should infer that the affinity of oxygen is greater for iron than for 
hydrogen. But if hydrogen gas be passed over red-hot oxide of iron, 
steam is formed and the iron reduced to the métallic state; here the 
_affinity of oxygen appears greater for hydrogen than for iron. But in 
regard to this result it has been ingeniously remarked by Professor 
Graham (Elem. of Chem., Part 2), “that it is obviously connected with 
the relative proportion between the hydrogen and the steam which are 
at once in contact with the metal and its oxide at a red heat. When 
steam is in excess, water is decomposed, but when hydrogen is in excess, 
oxide of iron is decomposed; and why? because the excess of steam in 
the first case is an atmosphere into which hydrogen can diffuse, and the 
disengagement of that gas is therefore procured; but in the second case the 
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atmosphere is principally hydrogen, and represses the evolution of more 
hydrogen but facilitates that of steam. The affinity of iron and hydrogen $ 
for oxygen, at the temperature of the experiments, is so nearly balanced % 
that the one affinity prevails over the other, according as there is a 
proper atmosphere into which the gaseous product of its action may ‘ 
diffuse. ‘This affords an intelligible instance of the influence of mass or 
quantity. of material, in promoting a chemical change; the steam, or 
the hydrogen, as it preponderates, exerting a specific influence in the 
capacity of a gaseous atmosphere.” The subject of the diffusion of gases _ 
referred to in this quotation will be explained in the chapter on 
Hydrogen. > 
In cases of simple attraction, or affinity, one body separates another 
from its combination with a third. Thus, when potassa is added toa 
solution of sulphate of zinc (composed of sulphuric acid and oxide of zinc), 
the oxide of zine is separated, and sulphate of potassa is produced; or 
when sulphuric acid is dropped into a solution of nitrate of baryta, 
sulphate of baryta is precipitated. 


In cases of double decomposition, two new compounds are produeed ; 
as when a solution of nitrate of baryta is mixed with a solution of sulphate 


of soda, the results are a precipitate of sulphate of baryta, and a solution 
of nitrate of soda. 
Nitrie ea) These cases of double decomposition are 
Agid. sometimes conveniently illustrated by diagrams, 
ie ‘he which may either be constructed so as merely to 
pe ah show the result of the change, or, where re- 
te és quired, they may also exhibit the composition 
ait ‘i of the acting bodies. In the case just alluded 
Yad to, the substances before mixture are shown by 
ag parallel lines, and after mixture by diagonal 
beig. | peer eeehiata, lines. —. | 
Or a more complete view of the 
» Nitrate of Sada. change is given in the annexed dia- 
Nitric eaet gram, where the bodies, before mix- | 
- | as | ture, are placed upon the outside of 
Bea eg the perpendicular hnes: their compo- : 
bbl spn nent parts are shown within them i 
ies) Alle and the new results on the outside of ~ 
Sulphate of Baryta. the horizontal lines. te 
“ 


§ 3.—CuemicaL EqurvaALents AND THE AtTromIc THEORY. 


A Most important result of chemical attraction is, that bodies combine 
tn certain proportions only. Thus, in the case just cited, of the combi- 
nation of baryta with sulphuric acid, to form sulphate of baryta, it is 
found, that in that compound, whether formed by nature or art, by single 7 
or double decomposition, the sulphuric acid and baryta always bear a 
certain definite relation to each other, and are contained in it in the 
relative proportions, by weight, of 40 sulphuric acid and 77 baryta: that 
is, these relative weights exactly saturate or neutralize each other; if we 
suppose sulphate of baryta to he composed of one atom of sulphuric acid 
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and one atom of baryta, then the above numbers may be called the atomic 
weights of those substances, and an atom of sulphuric acid being = 40 
and of baryta = 77, the atom of sulphate of baryta will be (40+77) = 
117: these numerical proportions have been sometimes called representa- 
tive, or combining numbers, or more commonly, for a reason which will 
presently be apparent, equivalent numbers or proportionals. 

But, sulphuric acid and baryta are not elementary substances, they 
are both compounds, and are consequently termed the proximate elements 
of sulphate of baryta; sulphuric acid consists of sulphur and oxygen, and 
baryta consists of barium and oxygen; the wllimate elements, therefore, 
of sulphate of baryta, are sulphur, barium, and oxygen: hence also sul- 
phurie acid and baryta are called compound atoms; but, in them, the same 
general law of definite proportionals holds good, for sulphuric acid con- 
sists of 16 sulphur and 24 oxygen, which, added together, produce the 
compound equivalent 40; and baryta consists of 69 barium and 8 oxygen, 
making 77, the equivalent of baryta or oxide of barium. 

Another essential fact in reference to chemical combination is, that 
where one substance, a, combines in more than one proportion with 
another substance, B, the second, third, &c., proportions of B bear a very 
simple ratio to each other. Thus, mercury combines with oxygen in two 
proportions, forming the black oxide and the red oxide of mercury. In the 
former, 200 parts of mercury are combined with 8 of oxygen, and in the 
latter, 200 parts of mercury are combined with 16 of oxygen. Here it is 
obvious that the quantity of oxygen in the frst, is to that in the second 
compound as 1 to 2. So that, assuming 200 to be the atomic weight of 
mercury, and § the atomic weight of oxygen,we should call the black oxide 
a compound of | atom of mercury and 1 atom of oxygen, and the red ovide 
a compound of 1 atom of mercury and 2 atoms of oxygen. 

In other cases, the relative proportions of the components are to each 
other, as ] to 13, 1 to 24, &c.; or, what amounts to the same thing, as 
2 to 3, 2 to 5, &c. Thus, there are two oxides of iron; in the blach oxide, 
28 parts of iron are combined with 8 of oxygen, and in the brown oxide, 
with 12 of oxygen. Here, the quantity of oxygen in the frst is to that 
in the second as 1 to 1:5. There are also two acids of arsenic; in the 
arsenious acid, 38 parts of arsenic are combined with 12 of oxygen, | 
and in the arsenic acid with 20 of oxygen; numbers which are to each 
other as 1°5 to 2°5 or as 3 to5. These cases, however, are by no means 
of such frequent occurrence as the former. 

The simple ratio which the weights of the combining elements are 
thus seen to bear to each other, involves an equally simple law in respect 
to combining volumes, where substances either exist, or may be supposed 
to exist, in the state of gas or vapour. Thus, water may be considered 
as a compound of 1 atom of hydrogen and 1 atom of oxygen, the relative 
weights of which are to each other as 1 to 8; hence the equivalent of the 
atom of water will be (1 hydrogen+8 oxygen) = 9. But oxygen and 
hydrogen exist in the gaseous state, and the weights of equal volumes of — 
those gases (or in other words, their relative densities, or specific gravities), 
are to each other as 1 to 16; hence 1 volume of hydrogen is combined 
with 4 a volume of oxygen, to form 1 volume of the vapour of water or steam: 
for the specific gravity of steam, compared with hydrogen, is as 9 to 1. 
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The annexed diagrams, therefore, will | 
represent the combining weights and 
volumes of the elements of water, 
and of its vapour. | 

E ''To give another instance: hydro- 
chloric acid gas is considered as a compound of 1 atom of hydrogen | 
and 1 atom of chlorine, their respective weights being 1 and 36, and 
that of the resulting hydrochloric acid 37. Now, the specific gravity 
of hydrogen to chlorine is also as 1 to 36, and of hydrogen to | 
hydrochloric acid as 1 to 185. MTence it is obvious, as in this. Co 


diagram, that 1 volume of 


Hydrogen. | Oxygen. ‘Steam. 
- 1 8 ! ; 
= 9 


Hydrogen, | Chlorine. | Hydrochloric Acid, hydrogen and 1 volume of a 
I - = 37 chlorine combine to form aS 
| 2 volumes of hydrochloric 
| acid. anit 


These instances, therefore, will suffice to show that there is the same 
simple relation in the volumes of the compounds as in their weights; 1 
volume of hydrogen and 0°5 a volume of oxygen producing 1 volume of 
aqueous vapour; and 1 volume of hydrogen and 1 volume of chlorine pro- 


ducing 2 volumes of hydrochloric acid. In the latter case, and there are J 
many similar instances, the equivalent, or atomic weights, correspond with : 
the specific gravities in reference to hydrogen as = 1, the gases combining : 
volume for volume, and producing a compound gas, the volume of which 
is equal to the united volumes of its constituents. aM : 
As a farther illustration of the whole subject of definite proportionals, | 
and of the atomic theory, in reference to weights and volumes, I subjoin 
a table of the compounds of nitrogen and oxygen: those elementary bodies 
unite with each other in no less than 5 proportions, and in the simplest 
ratios, forming two oxides and three acids. 
caries cater, AGRE rotamer of, Repl 
of Nitrogen oa eee, <bofithe . _ Nitrozen« of the 
and Oxygen. and Oxygen. compound. oe compound. — 
1 atom of the protoxide of AEE fly, is uoae 
nitrogen consists of . 4 tan Blips Se ee ad ee ocean , 
1 atom of the deutoxide ... 1+2.14416 . 30. 1 reer : 4 
1 atom of the peg a L.h3 odd A 24 eae «eae : | 
mera A. 8G oe i a 
1 atom of the nitrous acid. 1+4+4°. 14432 . 46 = | 


yo ape weno eee 
1 atom of the nitric acid... 145. 14-- 40. 564°, 1 405°, 


86 Tt has been above stated that 40 
Nitrate of Soda. parts of sulphuric acid (or 1 atom) 
-e_ . 
Nitric Acid + Soda are neutralized by 77 (or 1 atom) of 
! o4 32 baryta. Now we find: that 40 parts 
aap f 72 of sulphuric acid are neutralized b 
itrate 0 Sulphate : ! 
Baryta. ofSoda. 32 of soda; hence, 32 will be the 
Baryta -+ Sulphuric atomic weight, or equivalent of soda: 
77 Acid 40 if we now refer to nitric acid we shall f 
Sulphate of Baryta, find that 77 parts of baryta neutra- 


lize 54 of nitric acid, and that 32 of 4S 
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soda neutralize the same quantity. of that acid. Supposing, therefore, 
we decompose nitrate of baryta by sulphate of soda, it follows that the 
newly-formed salts will still be neutral, as in the preceding diagram, to. 
which the equivalent numbers of the acting substances are annexed; from 
which it appears that 131 parts of nitrate of baryta, consisting of 77 
baryta and 54 nitric acid, are required to decompose 72 parts of sulphate 
of soda, composed of 32 soda and 40 sulphuric acid; and that the results 
of this decomposition are 86 parts of nitrate of soda, composed. of 54 
nitric acid and 32 soda, and 117 sulphate of baryta, composed of 40 sul- 
phuric acid and 77 baryta. 

If we, therefore, are acquainted with the equivalent numbers of the 
respective bases and acids, we at once know the relative quantities 
required for saturation, and consequently the composition of all the 
neutral salts, as will be evident from inspecting the following table:— 


AcID. EQvuiIvVALENT. Base. EQUIVALENT. | 
Todic . ; 165 : : Baryta : . 77 
Bromic . . 118 A ? Strontia :. : 52 
Chloric . : 76 . : Potassa : me 48 
Selenic . 2 64 s : Soda ; : 32 
Nitric : 54 ; - Lime % ‘ 28 
Sulphuric . : 40 . Magnesia . . 20 
Oxalic “ : 36 ; $ Lithia . : 18 
Carbonic . : 22 . é Ammonia . 17 


Here we find, for instance, that 40 parts of sulphuric acid saturate 48 of 
potassa to form 88 of sulphate of potassa, for the decomposition of which 
would be required 131 of nitrate of baryta, containing 54 of nitric acid 
and 77 of baryta. We may also remark the different quantities of the 
different bases that are required to saturate a given weight of any of the 
acids, and vice versd: thus, 77 of baryta, and only 17 of ammonia are 
required to saturate 54 of nitric acid ; and 28 of lime, which are saturated 
by 22 of carbonic acid, require 165 of iodic acid for the same purpose. 
These tables are of great value to those who conduct chemical opera- 
tions upon the large scale, in the processes of arts and manufactures, 
guiding them in the quantity of materials which they require, and point- 
ing out the proportions of the products which should be obtained; and 
when applied, as suggested by Dr. Wollaston in his account of “A 
Synoptic Scale of Chemical Equivalents,” (Phil. Trans., 1814,) to a 
shding-rule, divided upon the principle of Gunter’s scale, they furnish the 
practical as well as the theoretical chemist with an admirable instrument 
of reference, for the purpose of facilitating and verifying his experimental 
and calculated results. The form of this instrument, which I recom- 
mend to the student*, is a box-wood scale, about two feet two inches long, 
consisting of a moveable slider with a logometric line of numbers upon 
it, and a corresponding series of numbers upon the rule itself; upon the 
rule the simple substances are also arranged, each opposite to its respec- 
tive equivalent: the equivalents of the compounds may, by those who 
have competent experience, be easily deduced from those of the elements 
but, for the convenience of others, and to avoid perplexing the scale with 
a multiplicity of terms, a separate table accompanies it, containing a 


-_ * They.are made by, Newman, No, 122, Regent Street, and Palmer, 60, 
Newgate Street. 
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copious list of compound equivalents. One of the commonest uses of 
this scale is to ascertain the relative proportions of the elements, in — 
variable quantities of their compounds; for instance, I know that the 
equivalent of chlorine is 36, and of sodium 24, and consequently that the — 
equivalent of chloride of sodium (or common salt) is (36+ 24)=60. But 

I wish to ascertain how much of each of the elements is contained in 95. 

of salt; I therefore bring the number 95 upon the slider opposite to 60 
upon the scale, and I now find the number 57 opposite to 86, and the 
number 38 opposite to 24; hence 95 parts of chloride of sodium consist 
of 57 of chlorine, and 38 sodium. These and the other uses of this seale 
are soon learned by a little practice, or by reference to Dr. Wollaston’s 
paper, above quoted, or to Mr. Farapay’s Manipulation. . 

The doctrine of equivalents furnishes the analytical chemist, in the 
first place, with a valuable test of the accuracy of his experimental re- 
sults, which of course, if correct, will not deviate from the above laws; 
it also enables him, in many instances, to infer the composition of a 
substance, where direct experiment is unattainable, and this in more 
ways than one. It was long, for instance, before magnesium (the metal- 
lic base of magnesia) was-obtained, but analogy led chemists to conclude 
that magnesia was a protowide of a metal, that is, a compound of 1 atom 
of metallic base, with 1 atom of oxygen. The composition of magnesia, 
therefore, was inferred from the composition of its sulphate, consisting of 
1 atom of sulphuric acid = 40 united to 20 of magnesia; now 20, which 
thus presents itself as the atomic weight of magnesia, must include an 
atom of oxygen = 8; and 8 deducted from 20, leaves 12 as the inferred 
weight of the atom of magnesium. In the same way the composition of © 
lime was inferred to be 20 calcium and 8 oxygen, for it was found that 
sulphate of lime consisted of 40 sulphuric acid and 28 lime, and as the 
oxygen in the base of a neutral sulphate is to that in the acid as 1 to 3, 
it became obvious that lime, or protoxide of calcium, must be constituted 
as above stated. 

To give another instance of a similar application of the atomic theory: 
it was found that chlorine expelled oxygen from lime, and it was ascers 
tained that for every 28 parts of lime so decomposed, 8 parts of oxygen 
were evolved, and 56 parts of chloride of calcium formed ; now deducting 
36 (the equivalent of chlorine) from 56, 20 remains, as the equivalent of _ 
calcium. . ity 

More complicated instances of such extensions of this theory will be 
given afterwards, especially among its applications to organic products } 
my object in the preceding paragraphs has been to divest it of all hypo- 
thetical difficulty, and to present it to the student as involving a series of 
important practical applications, and as founded upon the basis of experi+ 
ment. Those who would view it in reference to ancient atomic doe- 
trines, and to the more obscure parts of molecular philosophy, may 
consult Dr. Daupeny’s Essay on the Atomic Theory, and Dr. PRovt's 
Bridgewater Treatise. is 

I shall now merely add a few words in futther explanation of the mode 
of determining atomic weights, or equivalent numbers. They are founded ~ 
upon careful analyses of the simplest combinations of the most important _ 
elements: among these we may, as an instance, select water; the most ue 


uy 
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rigid analytical researches concur in representing this fluid as constituted, 
per cent., of 11:1 hydrogen, and 88°9 oxygen. Now, if we determine upon 
hydrogen as unity, or =1, then 11:1 : 88-9 :: 1: 8:009; or, the hydrogen 
is to the oxygen very nearly in the ratio of 1 to 8; and assuming water 
to consist of 1 atom of hydrogen united to 1 atom of oxygen, the atomic 
weight of the former being = 1, that of the latter would be = 8. In 
hydrochloric acid, which, as already stated, isa compound of hydrogen and 
chlorine, these elements bear to each other the relation of 1 to 36; hence 
36 is assumed as the atomic weight, or prime equivalent of chlorine. If 
I now wish to determine the equivalent of a metal, I select its protowide, 
and ascertain what weight of the metal is combined in such oxide, with 
8 parts of oxygen: thus in regard to soda, I find it constituted per cent. 
of 25 oxygen and 75 sodium; and 25: 75 :: 8: 24; hence the number 
24 is assumed as the equivalent of sodium. In the same way I may 
resort to the analysis of chloride of sodium, 100 parts of which consist of 
60 chlorine and 40 sodium; and 60: 40 :: 36:24; thus the former 
result is verified by the analysis of a second compound. 

The advantages of assuming hydrogen as = 1 or unity, and thence 
deducing the other equivalents, are such as to have led to its very general 
adoption in this country; as it is the substance which combines in the 
smallest relative weight, all other substances may be represented by num- 
bers which are mudtiples of its equivalent, and may, for all ordinary 
purposes of demonstration and research, be whole numbers; but to this 
subject I shall again recur. Some represent hydrogen by 10, and some 
by 100; in these cases oxygen is of course 80 or 800, and chlorine 360 
or 3600, &c. Others adopt oxygen as unity, in which case hydrogen 
becomes one-eighth of that unit, and is represented by 0:125, chlorine by 
4:5, sodium by 3, &c.; but this system is extremely inconvenient, in 
consequence of the perpetual and necessary recurrence of fractions, espe- 
cially as concerns the retention of equivalents by the memory. The 
equivalents used by Berzelius have reference to oxygen as 100.* 

The practical uses and applications of the atomic theory, and further 
illustrations of the researches upon which it is founded, will occur in 
almost every succeeding page of this book. It has been justly observed 
by Sir John Herschel, that the extreme simplicity which characterizes 
this theory, is itself no unequivocal indication of its elevated rank in the 
scale of physical truths. (Prel. Disc., p. 305.) ) 


'* The extreme confusion resulting | the incongruities and contradictions 
from the adoption of a series of equiva- | which such a hypothesis involves, must 
lent numbers founded upon the assump- | be too evident to all who read the works 
tion that water is 4 compound of 2 atoms | of the eminent authors who speak in that 
of hydrogen and 1 atom of oxygen, and | language. 
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Cuapter LY. 
ELECTRICITY. 


Many of the phenomena of electricity are so remarkable, and so 
‘easily exhibited, as long to have attracted general attention: by the 
natural philosopher they have been studied with much precision and 
success; and, more lately the discovery of the relation of the electrical 
to the chemical powers of matter, and to magnetism, has opened an 
entirely new field of research. : 

We are ignorant of the nature or cause of electrical phenomena, but 
for the convenience of description and discussion it has been customary 
to refer them to the presence of a highly attenuated and subtile form of 
matter, which has been termed the electric fluid. The existence, how- 
ever, of such a fluid, or of any peculiar form of matter as productive of 
electrical phenomena, is entirely hypothetical, and merely assumed to 
facilitate our reasoning upon the subject. 

Inasmuch as electrified bodies are found to present themselves in two 
opposite or distinct states, it has been presumed that the electric fluid 
exists in all forms of matter; that, under ordinary circumstances, it is in 
a state of equilibrium or quiescence; and that, when this state is so dis- 
turbed as to occasion either its redundance or deficiency, the bodies then © 
become electrically excited: upon this view of the cause of electricity, 
which originated with Franklin, the opposite states have been termed 
positive and negative. Others ascribe the phenomena to the presence of © 
two electric fluids, supposed to reside in glass and resin, and hence dis- 
tinguished by the terms vitreous and resinous. This hypothesis, which 
originated with Du Fay, has, under some modifications, also been 
very generally adopted; it has been assumed that the two electric fluids 
are universally diffused; that they are infinitely subtile and elastic, and 
each repulsive of its own particles, but attractive of those of the opposite 
kind; these forces being equal at equal distances, and varying inversely — 
with the square of the distance*, In the ordinary or quiescent state, 
these fluids are supposed to be combined with, and exactly to neutralize, 
each other; and electric excitation is attributed to their separation, or to _ 
the decomposition of the neutral fluid. The first of these hypotheses is 
recommended by its simplicity, and by the facility with which it enables _ 
us to reason upon the greater number of electrical phenomena; but there 
are cases in which the second appears most consistent; so long, however, — 
as the definitions which we shall afterwards give, of the terms positive 
and negative, are distinctly understood, the adoption of either hypothesis 
1s matter of little importance, always bearing in mind that both states, or 
fluids, are common to all matter, and that they are always coexistent. 


* 


x Coulomb supposed the two electric | perties, neutralizing each other’s elasti- — 
fluids to be possessed of equivalent pro- | city, like oxygenand hydrogencombined., 
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§ 1.—Exectrican Excrrattion.—ArtracTion AND REPULSION. 


Tue simplest indication of electricity is that which is observed when 
certain resinous and vitreous bodies are subjected, in a dry and warm 
state, to gentle friction; as when a piece of sealing-wax is rubbed with 
flannel, or a glass rod with a piece of silk; in these cases the sealing-wax 
and the glass acquire the property of attracting and repelling light sub-. 
stances; and they are said to be electrically excited. Such properties 
seem first to have been observed in, and supposed peculiar to, amber; 
and hence the term electricity, from the Greek word yXexTpor, signifying 
amber. Independent of these attractive and repulsive powers, there are 
other equally curious properties observed in the electrically-excited bodies; 
in the dark they appear /uminous, shining, whilst rubbed, with flashes of 
a blueish light; and, if held near the face, they produce a singular tickling 
sensation. We find, moreover, that this electrical excitation is transient; 
that it gradually disappears, and that if the hand be passed two or three 
times over the surface of the sealing-wax, or of the glass, all signs of 
electricity are lost. A very light downy feather, perfectly clean and dry, 
and suspended in any convenient way by a long thread of white sewing 
silk, so as to be as independent as possible of surrounding bodies, is a 
most delicate and useful indicator of this form of electrical excitation, and 
may be used in the following experiments. 

1. Providea glass tube, about three feet long, and three-fourths of an 
inch diameter, and having wiped it perfectly clean and dry, rub it gently 
with a warm silk handkerchief; it will become electrically excited; and, 
on approaching the feather, will immediately attract it; but, on gently 
withdrawing, and again bringing it near to the feather, the feather will 
be steadily repelled; so 
that it will be impossible, 
for a short time, to get 
it to touch the tube: 
after a while, however, 
it again flies to, or is 
attracted by, the tube, 
and then again repelled 
asbefore. The annexed 
cuts (figs. 105, 106,) re- 
present the appearance of 
the feather when attract- 
ed and when repelled. 

This apparently tri- 
fling experiment teaches 
us the following import- 
ant elementary fact: it 
_ shows that the feather, 
having received electri- é 
city from the glass by direct contact, is repelled by it; and, consequently, 
that bodies similarly electrified repel each other; for we assume the 
feather to have received a portion of the electricity of the glass, and 
we know that the repulsion is mutual, | 


R 
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2. Rub a large stick of red sealing-wax with a thick roll of dry and 
warm flannel; the sealing-wax will thus be rendered electrical, and will — 
act upon the feather apparently in the same way as the glass; that is, — 
first attracting and then repelling it; and the moment that the feather 
has received the electricity of the wax, those bodies also become mutually 
repulsive. eh eS : 

8. Warm a sheet of foolscap paper, folded in the usual way, before 
the fire, and rub it gently upon a clean polished table with a large piece 
of Indian rubber; then suddenly open the sheet, and hold its interior 
towards the feather, which will be attracted and repelled, as in the pre- 
ceding cases of glass and wax. , fea 

There area number of other substances which become electrical by 
friction, such as white and black silk drawn gently over each other, as is 
commonly observed with silk stockings; the back of a clean cat gently — 
rubbed with the dry and warm hand; long, clean, and dry hair, combed 
in frosty weather; silk tassels and fringes, and so on: but the instances 
above cited are sufficient, and we may now proceed to a second set of 
experiments with the same apparatus. . 

1. Excite the glass tube as before, and electrize the feather, so as to 
render it repulsive of the tube; then bring the excited sealing-wax near the — 
feather, and it will not be repelled as by the glass, but will be immediately 
attracted, by it. a 

2. Reverse the experiment, and having clectrized the feather by 
sealing-wax, bring the excited glass rod near it, when, instead of being 
further repelled it will be attracted. 

3. If the feather be suspended between the excited wax and the 
excited glass, it will vibrate to and fro, being alternately attracted and 
repelled. 

These experiments show that there is a difference in the eleclricities 
of the glass and sealing-wax, and that bodies rendered repulsive by glass _ 
are attracted by wax; and vice versa. We had previously found that 
bodies similarly electrified repel each other; we now observe that bodies 
dissimilarly electrified attract each other. 

These dissimilar electricities, in reference especially to the above 
methods of producing them, were originally termed vitreous and resinous; 
for these, the terms positive and negative are now more commonly sub-_ 
stituted; and the two states may be represented by the symbols plus, + 
and minus —. The feather electrized by glass is said to be in a positive © 
state, and that by sealing-wax, negative. ? : 

Still retaining the simple apparatus that we set out with, we may: 
_ now proceed as follows:—1. Fold the silk in such a way as to keep the 
hand as far as possible from the glass tube; then rub the tube with if, 
and electrize the feather, which will now be repelled; whilst it retains 
this repulsive state, in regard to the tube, approach it with the part of 
the silk which had rubbed the glass, and it will be found to be attracted. 
From this experiment we should conclude that the silk and the glass were — 
in opposite electric states: we have already called the glass positive; the 
silk, therefore, must be negative, The experiment may be varied as 
follows:— | 

2. Hold the handkerchief as before, and having warmed it, rub it 
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with the tube; then bring it near the feather, which it will first attract 
and then repel: whilst the feather is thus repelled by the silk, approach 
it with the excited glass, by which it will be immediately attracted. It 
is obvious, therefore, that the glass and the silk are in opposiie states. 

3. If we roll up the flannel so as to keep the rubbed part at a distance 
from the hand, then rub it with the sealing-wax, and bring it to the 
feather, the latter will be immediately attracted by the flannel, and then 
repelled: if we now approach it with the excited wax, instead of being 
more powerfully repelled, it will be instantly attracted. Hence, having 
agreed to call the electricity of the wax negative, that of the flannel must 
of course be positive; for it is evidently of the opposite or dissimilar kind. 

Here, then, we have developed another important electrical law, 
showing that one kind of electricity cannot be produced without the other ; 
that when a body is positive, some part of the exciting arrangement 
is negative. In the above case of glass and silk, the former is positive, 
and the latter negative: and in the case of sealing-wax rubbed by flannel, 
the wax is negative, and the rubber acquires a positive state. 

4, That this is so, may be further shown .as follows:—render the 
feather positive by the contact of the excited glass; then approach it with 
the excited flannel, and it will be found to be repulsive of the flannel; 
that is, to possess a similar electrical state. | 

5. Electrize the feather with the excited wax, which will render it 
negative, and then approach it with the excited silk; the silk will con- 
tinue to repel the feather, and hence is similarly electrized, or negative. 
Delicate instruments show us, that in almost all cases of frzcdion, under 
the precautions above described, bodies become electrically excited: and 


- that the same body may become either positive or negative, according to 


the circumstances under which it is excited. Smooth glass, for instance, 
becomes positive when rubbed with a piece of wooilen cloth, but rough 
glass rubbed in the same way becomes negative; and sealing-wax, which 
becomes negative when rubbed by flannel, becomes positive when rubbed 
against tin-foil or mercury. A.cat’s back is said always to exhibit positive 
electricity; but it is probable that no peculiar kind of electricity is 
inherent in any one body; it will even vary with the mechanical state of 
the surface and the mode of friction; so, polished glass becomes positive 
when rubbed upon silk, but rough glass becomes negative; both become 
négative against a cat’s back; and when similar substances are rubbed 
together, that, the friction of which is limited to the least extent of surface, 
is usually negative: thus, when two similar silk ribands are excited by 
drawing the one lengthways over the other, that which has suffered friction 
on its own length becomes positive, and the ether negative. The 
following table, chiefly from the experiments of Cavallo, further illustrates 
these effects.—(Sincer’s Elements of Electricity, p. 33.) 
. , Becomes by friction with 

The back of acat . Positive . . Every substance tried. _ 

Smooth glass . . . Positive . . . Everything except cat-skin. 

Rough glass . . » Positive . . Dry oiled silk, sulphur, metals. 

Negative. . . Wools,quills, wood, paper, sealing-wax, 
. white-wax, common silk ; the hand. - 
Tourmaline. . . . Positive . . Amber; air from bellows, — 
Negative. . . Diamonds; the hand. 
R 2 
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. Becomes by friction with = 
Hare’s-skin . . . Positive . . Metals,silk, leather,hand,paper,baked — 
wood. <a 


: yee, _ Negative. .. .. Other finer furs. 
White silk . . . . Positive .-. Black silk, metals, black cloth. 
Negative .-. . Paper, hand, hair, weasel’s skin. 
_Black silk . . . . Positive . . Sealing-wax. 
Negative. . - Hare, weasel, and ferret fur; brass, 
silver, iron, hand, white silk. 
Sealing-wax . . . Positive . . Some metals. 
Negative. . . Hare, weasel, and ferret fur, hand, 
leather, woollen cloth, paper, some __ 
metals. i} 
ale wood (: .:ly (Positive ee mee | 
Negative . . Flannel. 


In regard to the above table, Mr. Singer observes that iron, lead, and 
bismuth, render sealing-wax negative, the other metals positive; but the — 
least difference in the condition of the materials occasions varieties in the 
result: with the same rubber (an iron chain) positive electricity may be 
excited in one stick of wax, and negative in another, if the former be 
scratched and the latter smooth. /Epinus also found that two pieces of 
plate-glass, when rubbed on each other, were electrical when separated; — 
but that although one was always positive and the other negative, the 
same plate sometimes exhibited the one, and sometimes the other 
electricity. a 

In the following list, the substances become positive with those which — 
follow, but negative with those which precede each other; viz., oxalate 


of lime, fur, smooth’ glass, woollen cloth, feathers, paper, silk, gum-lac, 
rough glass. 3 


|| 
| 
| 


§ 2.—EnectricaAL Conpuctors AnD Non-Conpuctors. 


THERE are some substances which, when examined by the above-* 
described methods, are not observed to become electrical. If we, for 
instance, rub a cylinder of metal with flannel or silk, it is perfectly inert 
when brought near the feather: but the exception here is apparent only; _ 
_ the substances previously used, such as glass and sealing-wax, are non- 
conductors of electricity; that is, they receive and retain it upon the 
excited surface only; but a bar of metal is a conductor, and when elec- 
tricity is produced upon it by friction, it immediately spreads over its | 
whole surface, and is carried off, as it were, by the hand, to the earth and 
all surrounding conductors. To show that the metal actually is excited | 
in the same way as glass, attach it to some non-conductor: for instance, — 
attach a cylinder or plate of brass to a stick of sealing-wax, which may 
Serve as its handle; then rub the brass against a dry and warm flannel, 
and, taking care not to touch any part of it with the hand, bring it near | 
the feather, which will be attracted, and then repelled, precisely as by — 
the glass and wax. In these cases the metals usually acquire negative | 
electricity. . ? 

We now, then, can understand the division of bodies into conductors 
and non-conductors. There are also a set of bodies intermediate between 
the above extremes, which are called imperfect conductors. The non-— 
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conductors, readily exhibiting their electricity by friction, are often called 
electrics, in opposition to the metals and other good conductors, which 
are called non-electrics. The electrics, from their power of preventing the 
passage or transfer and escape of electricity, are also sometimes termed 
insulators. ‘Thus, a brass rod mounted upon a stem or foot of. glass, or 
sealing-wax, or a wire suspended by silk thread, is said to be an insu- 
lated conductor. 

The metals are by far the most perfect conductors; next to them 
come well-burned charcoal and plumbago; then some of the concentrated. 
acids, and strong saline solutions. Water, rarefied air, most vapours, and 
many stony bodies and metallic ores, are imperfect conductors. Shell-lac 
is the most perfect non-conductor, and an excellent substance to use 
wherever good insulation is required*. Sulphur and wax are also non- 
conductors; and so is glass, which, though in this respect much inferior 
to some other substances, is from the convenience of its application, the 
usual insulator employed in all common electrical apparatus. Raw and 
bleached silk stands high upon the list of non-conducting substances; but 
dyed silk is often a partial conductor, in consequence of the substances 
“used to colour it: hence, in the above experiments, we have advised 
white silk for the suspension and insulation of the feather. It is also 
stated by Henley, that black hair conducts better than white (Phil. 
Trans. 1776), as illustrated in the case of a bullock struck by lightning. 
Dry air, and baked wood, are non-conductors. There is a gradual transi- 
tion in bodies from what are termed perfect conductors, to perfect 
non-conductors; the following list exhibits the principal of these :— 


ConpDUCTORS. Imprerrect Conpuctors. Non-ConpuctTors, 
Metals Water Spermaceti 
Charcoal Damp wood Glass 
Plumbago Alcohol Sulphur 
Fused chlorides Damp air Fixed oils 
——— iodides Some oils Resins 

salts Vegetable and Ice 
Strong acids animal bodies Diamond 
——— alkaline solutions. generally. Shell-lac | 


Oxalate of lime 
Dry gases and air. 


There is no constant relation between the stales of bodies and their 
conducting powers. Among solids, for instance, metals are conductors; 
resins non-conductors: among liquids, strong alkaline and acid solutions 
are good conductors; water is an imperfect conductor; many oils are _ 
non-conductors. Potassa, protoxide of lead, chloride of sodium, iodide 
of zinc, many salts, and other bodies, are non-conductors in their solid 
state, but conduct when liquified by heat. Sulphur, phosphorus, resins, 
 jodide of sulphur, and several other solid bodies, do not, on the contrary, 
acquire conducting power on assuming the liquid state. (Farapay, § 394, 


* According to Erman, (Gilb. Ann., | of electricity by the atmosphere is nearly 
xi, 143), a thread of gum-lac insulates | in the triplicate ratio of its moisture. It- 
ten times as well as silk. A needle of | is also stated, that an electric jar is dis- 
sealing-wax remains for some days ex- charged if put into a vibratory state, as 
cited. A capillary bore lessens the in- | by sounding it like a harmonica. 

sulating power of glass. The dissipation . 
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&e.) Glass, when cold, is a non-conductor; but when red-hot, it is a 
conductor: the diamond is a non-conductor: but pure and well-burned — 
charcoal, which is merely another form of diamond, is among the best 
non-metallic conductors*. . ae 

We may form some idea of the retardation which electricity suffers 
in passing through imperfect conductors, from the statement of Mr, 
Cavendish (Phil. Trans., 1776), according to whom, iron-wire conducts 
400 million times better than pure water; sea-water, (with one-thirtieth 
of salt) 100 times better; and a saturated solution of salt; 700 times better. 

The enormous rapidity of the progress, or supposed progress of the 
electric fluid through long trains of conductors, was first experimented ~ 
upon by Watson (Pdi. Trans., 1748): he could observe no perceptible 
time occupied in its passage through a circuit of 12,276 feet. This 
curious subject has lately been investigated by Mr. Wheatstone (Phil, 
Trans., 1834, p. 583), according to whom, electricity moves through a 
copper wire, with the velocity of 400 fect in the ten-thousandth part of 
a second; or, through 4 million feet in a second. To this subject we — 
shall afterwards recur in referring to the conducting powers of the metals, } 
in regard to voltaic electricity. 


§ 3.—IELECTROSCOPES AND ELECTROMETERS. = 


Electroscopes and electrometers are instruments by which changes in . 
the electrical states of bodies are rendered evident, and their intensities 
measured. 

One of the simplest of these (fig. 107) 
consists of two small pith-balls, suspended 
by very fine thread or silver-wire to the 
end of a small insulated conductor. When 
this receives electricity, the balls diverge,and _ 
the nature of the electricity by which they — 
are diverged may be judged of, by approach- _ 
ing the conductor with a piece of excited — 
sealing-wax: if the divergence increases, it is the same as that of the wax 
or negative; if it diminishes, it is opposite to that of the wax, or postive. 

Where a more delicate test of the presence of electricity is required, 

we substitute for the pith-balls two small slips of 
gold-leaf; and as these are apt to be deranged by 
the slightest motion of the air, it is necessary to 
enclose them in a glass cylinder, sufficiently capa- 
cious to allow of their divergence. They are con- 
nected with the brass cap of the instrument, which 
ig used in the same way as the preceding. This is 
commonly called Bennet’s gold-leaf electrometer. 
The delicacy of the gold-leaf electrometer is | 
much increased by an improvement in the insulation 
of the leayes, which we owe to the late Mr. Singer. 


_. It will appear hereafter ‘that all | to their common acceptation. © See,in | 
substances may conduct electricity, and | reference to this subject, Farapay’s — 
that the terms conduction and non-con- | Experimental Researches, § 1320 and 
duction therefore aré so far incorrect: | 1326, o 
in employing them as above we refer | 
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The instrument is constructed, as usual, with a glass cylinder surmounted 
by a brass cap, but the insulation is made to depend upon a glass tube, 
about four inches long, and one-fourth of an inch internal diameter, 
covered both on the inside and outside with sealing-wax, and having a 
brass wire of a sixteenth or twelfth of an inch thick, 
and five inches long, passing through its axis, so as 
to be perfectly free from contact with any part of the 
tube, in the middle of which it is fixed by a plug of 
silk, which keeps it concentric with the internal 
diameter of the tube. a is a brass cap screwed upon 
the upper part of this wire; it serves to limit the at- 
mosphere from free contact with the outside of the 
tube, and also defends its inside from dust; to the 
lower part of the wire the gold-leaves are attached, and 
the whole mounted as usual, as represented, in section, 
by fig. 109. When a gold-leaf electrometer is to be employed in 
atmospherical investigations, the contrivance described by Mr. Ronalds 
(Quart. Journ. ii. 249) may be conveniently applied to it. 

The kind of electricity by which the gold leaves are diverged may be 
judged of, as before, by approaching the cap of the instrument with a 
stick of excited sealing-wax: if it be negative, the divergence will 
increase; if posttive, the leaves will collapse; upon the_principle of the 
mutual annihilation of the opposite electricities; or that bodies similarly 
electrified repel each other, but that when dissimilarly electrified they 
become mutually attractive. 

. To ascertain the actual repulsive and attractive powers appertaining 
to weakly-electrified bodies, Coulomb ingeniously availed himself of the 
principle of torsion, and thus constructed his electrical balance. It con- 
sists of a fine metallic wire, a, fig. 110, one end of | , 
which is attached to the screw 0, and to the other is 
suspended the horizontal needle c, composed of gum- 
lac or other non-conductor, and armed at one extremity 
with a gilt pith-ball, counterpoised at the other end by 
an index. The conductor d is a small wire with a ball 
at each end, passing through the glass receiver in 
which the needle is suspended, and having its lower 
ball opposed to that of the needle. By the screw 4, 
the two balls are brought into contact, and the index 
then points to 0, on the divided scale of degrees. On 
communicating a very feeble electrical power to the 
conductor, it transfers it to the moveable pith-ball, and | 
repels it a certain number of degrees, proportional to ): 
the intensity of the acquired electricity, and measured 
by the power of torsion which it exerts upon the fine 
wire. By experiments made with this electrometer, it would appear that 
the electrical powers follow the law of gravitation, in being’ in the inverse 
ratio of the squares of the distances of the acting bodies. In the most 
delicate construction of the instrument, a single silk-worm’s thread or a 
filament of spun glass is used instead of the «wire. | 
By means of the gold-leaf electrometer, constructed as above, we dis- 
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cover the existence of very slight states of electrical excitation, which 
elude all common methods of detection. If the cap of the instrument be 


gently struck with a silk handerchief, a powerful divergence may be 


given to the leaves, resulting from the friction of the metal and silk; if 
blown upon by a pair of bellows, electrical excitation is also indicated, 
depending probably upon the friction of the air upon the metal; and it 
will be found in the sequel, that we conveniently avail ourselves of this 
instrument to detect the evolution of electricity in a variety of other 
cases. | 

To determine the kind of electricity by which the leaves are repelled, 
we approach them, as before directed, either with an excited stick of 
sealing-wax, or a glass rod; if the divergence is increased by the former, 
it is negative; if diminished, positive; if increased by the glass, it is 
positive; if diminished, negative. In consequence of the law of excita- 

lll N tion by induction, it is sometimes supposed that 
this method of merely approximating the in- 
strument, instead of actually touching it by the 
excited wax or glass, might lead to erroneous 
conclusions; but if we examine a little more 


iro polarity will be produced, and that con- 
sequently, the gold leaves will acquire the 
same electricity as that of the wax or glass, 
although the surface of the brass plate or cap 
of the instrument, immediately opposed to the 
wax or glass, may be in an opposite state. 
Thus, let n (fig. 111) represent a piece of ex- 
cited wax, negative; p the cap of the electrometer, positive; n the gold 
leaves, negative, that is, similarly electrified to the wax. 


§ 4.—Inpucep Execrricity. 


We have laid it down as a general rule, that no electrical attractions 
exist, except between bodies in opposite or dissimilar electrical states ; 
and have shown that when any electrified body, such, for instance, as an 


particularly into the state of things, we shall 
find that, consistently with that law, elec-— 


a 


excited stick of sealing-wax, is brought near other non-electrified bodies, - 


they have a tendency to mutual attraction. This tendency exists among | 


all surrounding substances; but such, of course, only, as have freedom of 
motion, are observed to move towards the excited electric: such as the 
suspended feather, particles of dust, and any other light and moveable 
bodies. Now, as these are atiracted by the electrified body, it follows 
that they must previously be thrown into an opposite electric state, by 
the mere proximity of the excited electric; and this is really the case: 
whenever an electrified body is brought near to another in an un-electri- 


fied state, the surface of the latter, opposed to the former, becomes oppo- 


sitely electrical, and is consequently attracted by it. 

Electricity is thus said to be induced in the surrounding bodies by 
the vicinity of any excited electric: thus; when a highly-electric cloud 
hovers over the earth, that portion of the earth’s surface opposed to the 
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cloud, becomes in an oppositely electrical state, and consequently attract- 
ive of the cloud; thus, during a thunder-storm, we often see an electric 
.cloud perch upon the summit of a hill, and remain there till it has dis- 
charged its electricity, when it is wafted quietly away. 

Electricity by induction presents many curious phenomena, which may 
here be stated generally, and more particularly explained afterwards. 
We have already said, that when an electrified body approaches another 
which is in its ordinary state, the surface of the latter opposed to the 
electrified body acquires an opposite state: this opposite electrical state, 
_however, only belongs to the opposed surface; for the other side of the 
body, though also electric, is dissimilarly so. This statement may be 
rendered more intelligible by the following diagram :—Let a, fig. 112, re- 
present a brass needle freely moving upon its centre, which is supported 
upon a glass foot. 6, a conductor, positively electrified, and within a 
few inches of the pith- ball ¢ attached to one of the points of the needle. 
We shall now observe that c is attracted by b, and may therefore infer 


_ that it is negative; and that this is really the case may be shown by 


bringing near to the ball c, a stick 
_- of excited sealing-wax, by which a » mat 
_ it will be repelled. But if we now g vB! 6 == 
_ bring the sealing-wax towards the 
_ ball d, it will be attracted by it: 
_ here, then, by the proximity of the 
conductor 6, we have induced in 
the needle a an electro-polar state ; 
_ 6 being positive, c is negative, d 
positive. To explain this further 
_ by the help of our hypothesis: let 
_ us suppose the natural or quiescent 
electricity of a to be disturbed by 
the presence of 6, which causes a portion of it to be repelled or driven 
from c to d. The end c, therefore, is negative, or minus, that is, it has 
less than its natural portion of electricity ; and d is positive, or plus, 
because in it electricity i is accumulated: in the centre a there will be a 
neutral point, in which no electricity is manifest. The state of the 
needle therefore is such, that negative electricity is accumulated at c and 
positive at d, and that they each gradually decrease towards the centre a. 
On the removal of the disturbing body 6, the needle reverts to its ordi- 
nary state; or, in other words, the electrical equilibrium is restored. 


ee d 113 @ b 


The polar wareneeient thus caused by induced electricity, may be 
carried to any extent: thus, suppose a in the preceding diagram, fig. 113, 


a 
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to represent a body negatively electrified, 6 would become positive, ¢ & 
negative, d positive, e negative, and so on, through any extent of con- 
ductors, the last being in communication with the earth. Thus the feather 
attached to the insulated conductor at 5, is attracted towards a, and the 
feather c attracted by d; these feathers and surfaces being respectively 
in oppositely electrical states. ‘ 
These illustrations will suffice to explain the meaning of the term 
induction, or induced electricity, without a knowledge of which many of — 
the electric phenomena we are about to advert to, would be unintelligible: — 
we shall afterwards find that it presents some very extraordinary conse- _ 

quences in reference to the distribution and accumulation of electricity, a 

and the disturbance of the electrical equilibrium. 

The actual electro-polar state of a conductor under induction is well 
shown as follows: place two gold-leaf electrometers about 18 inches apart, 
and connect their caps by an insulated wire lying across them; then ap- 
proach one of them with an excited glass tube, which will cause both to 
diverge; whilst they are in this diverged state, lift off the intermediate 
wire, and then remove the inducing tube, and each electrometer will retain 
its divergence: on examining that which was nearest to the excited glass 
tube it will be found negalive, and that which was at the other extremity 

of the wire will be positive; if we now, by means of a wire, with an — 

insulated handle, reconnect the two caps, both electrometers will collapse, 

and lose all signs of electricity, showing that the negative and positive 

“states were co-equal: a piece of wire with a handle of gum-lac is a con- 

venient connector for the electrometers. | 

When in these experiments, the conductor electrified by induction is 
insulated (as it must -be to exhibit its polar state), the accumulation of - 
either electricity is of course feeble, being limited to the decomposition 
of the quantity of neutral electricity contained in it; but if one end of 
the conductor be connected with the ground, the supply is comparatively 
unlimited: this may be well shown by presenting the knuckle or a brass 
ball held in the hand to the prime conductor of the electrical machine; 

the opposed surface becomes oppositely electrical by induction, and a 

succession of sparks pass; but if the person be insulated, the induction is 

limited, as in the insulated conductor, and enly two or three sparks are 

observed to pass. mid 

The following experiments on induction I have taken from Mr, - 
114 115 Faraday’s Lectures, and they are excel- 
lently adapted to class illustration. Pro- 

P vide two hollow brass hemispheres, or 
wooden ones covered with tin-foil, each 
mounted upon a lacquered glass stem 
standing on a wooden foot (fig. 114), so 
that when placed together they may form — 
the insulated sphere (fig. 115). Having © 
thus placed them, approach them with an 
an excited glass rod, and then remove it. 
On examining them by a gold-leaf elec- 
trometer, they will be found perfectly — 

_ unelectrified; Repeat the approach of the 
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excited glass rod, and whilst it is retained in its situation, separate the 
hemispheres by the removal of one of them by means of the wooden foot, 
taking care that they remain insulated, and immediately withdraw the 
excited rod. It will then be found (by help of the electrometer) that 
each hemisphere is in an oppositely electrical state as represented by the 
letters N and P. , | 

If whilst the insulated sphere (fig. 115) is rendered temporarily elec- 


trical by induction, it be touched for a moment by the finger, it will be 


found on first removing the finger, and immediately afterwards the in- 
ducing excited tube, that the globe now retains a negative charge, and 
will even give a spark, the positive electricity having been carried away 
by the hand, and not able, therefore, to return so as to reproduce the 
neutral state. 

The subject of induction has been acutely studied, and successfully 
developed by Faraday (Researches, Series xi.) Before his researches 
the phenomena were presumed to depend upon an action taking place 
in straight lines through non-conducting media, the particles of the 
medium not being themselves affected: whereas it would appear from his 
experimental investigation of this extensive and intricate subject, that 
“induction is in all cases an action of contiguous particles, consisting in 
a species of polarity, instead of being an action of either particles or 
masses at sensible distances;” that it may be propagated not only in 
straight but in curved lines. Mr. Faraday’s views have been so clearly 
abridged and illustrated by Mr. Daniell, that I shali, with his permission, 
avail myself of the following quotation and diagrams from his Introduc- 
tion, in further illustration of this subject. : 

“ We have seen,” he says, “that one electric force cannot be produced 
without an exactly equal development of the other; and upon more atten- 
tive examination we shall find that no kind of matter, either conducting 
or non-conducting, is capable of receiving a charge in any way of one kind 
of electricity independently of the other, or without calling forth an equal 
amount of the opposite force in adjacent bodies. It was formerly sup- 
posed that the electric fluid was confined to the surfaces of bodies by the 
mechanical pressure of the non-conducting air, in the midst of which all 
our experiments are carried on; but the fact 1s, that the electric force 
originating or appearing at a certain place is propagated to, and sustained 
at, a distance, through the intervention of the contiguous particles of | 
the air, each of which becomes polarized as in the case of insulated con- 
ducting masses, and appears in the inducteous body as a force of the 
same kind exactly equal in amount, but opposite in its direction and 
tendencies. 

“ Such a forced arrangement of the molecules cannot be made to 
appear to the eye in the case of the air, but is established by the most 
perfect inductive reasoning; and a similar disposition may actually be 
exhibited by substituting a liquid non-conductor for the air under similar 
circumstances. If we take a tall, wide-mouthed glass vessel, and place 
it upon the prime-conductor of the electrical machine, taking care that 
there may be a good metallic communication through its bottom, and then 
fill it with spirit of turpentine containing some threads of white silk about 
- one-eighth of an inch in length disseminated through it, they will be little 
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affected upon turning the machine till a metallic conductor is held near 
the surface of the liquid. Upon presenting, however, such a body, they — 
will immediately erect themselves, and, collecting from all parts, will 
attach themselves to each other end to end, and form a continuous chain 
from the conductor to the exterior metal, towards which they will always 
incline as it is moved in different directions. These particles will adhere 
together with considerable force, as may be felt by touching them with a 
rod of glass; but the moment the conductor is discharged, they fall upon 
their sides, and sink to the bottom. If, instead of silk threads, we 
occasion particles of gold-leaf to float in the spirit of turpentine, the 
resemblance will be perfect; for, on approaching them with a rod of 
metal, when the conductor is charged, they immediately start on end as 
if endued with life, assume the polar state, attract each other end to end, — 
but owing to their perfect conduction, discharge their electricity by minute 
sparks. 

‘Now the solid threads of silk accurately represent the fluid par- 
ticles of the spirit in which they float, or of the air which is interposed 
between a charged conductor and surrounding bodies, and obviously 
assume a polar state, exactly resembling that of insulated conductors in 
similar circumstances. 

‘“Inthcannexed diagram (fig. 116), let arepresentan insulated electrified — 
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ball placed within an uninsulated metallic sphere, a 6c d, filled with a non- 
conducting medium, whose particles are represented by the small included 
circles: These will be all thrown into a polar state, indicated by the 
shading, resembling the silk particles in the spirit of turpentine: their 
dissimilar poles will be all turned towards the ball a, and in this way 
their combined influence will be thrown upon the metallic sphere, a 6 cd, 
which will thus have a force of the opposite kind to that upon a, developed 
upon it, of exactly equal amount, but diffused over the larger surface. It 
is conceived that the polarized particles are capable of affecting each 
other, not only in straight lines as in the quadrant a 6c, but in lines 
diverging from their centres, as shown in the quadrant 4 6 a. 
_ “ach polarized particle is in active relation, not only to a line of par- 
ticles in some definite direction from it, but to all those which are con- 
tiguous to it. Hence, there is a lateral diffusion of force, and the lines of 
inductive action, when unobstructed, tend to spread as from a centre; or 
may assume a curved direction when any obstacle opposes their free ra- 
diation. 
“In consequence of the lateral action of the particles upon one 


another, if B c (fig. 117) be an obstacle interposed in the course of the 


induction from a to a bc d, the particles 1 23 4 5 6 7 will be protected 
from the influence, but the induction will affect the particle 8, by the 
bending of the lines of force on each side of it. 


LD. 
\ 


I 


| 
| 


954 ELECTRICAL MACHINES. 


_ “The particles 123 45 6 7 themselves, although here represented 
in their natural state, will be affected by a reflex action; but will be — 
polarized to a much lower degree than those within the influence of the 
direct action.” 


§ 5.—Execrrican Macuinss. 


In the preceding details we have availed ourselves of the simplest 
apparatus, in order to explain the leading and principal laws of electrical 
excitation; all the experiments are easily made, and their results include - 
some of the most important facts connected with the subject, to which, in 
the sequel, it will be necessary frequently to recur. Fer the further prac- 
tical prosecution of these experiments, an electrical machine is indispen- 
sable; this, therefore, we may now proceed to describe. 


1 


a 


Hi 
ni 

The best electrical machine for experimental purposes, and for the 
general use of the student, is represented in the following wood-cut. It 
is commonly called Nairne’s machine. (See fig. 118.) It consists of a 
glass cylinder A, about 10 or 12 inches in diameter, and 15 to 20 inches, 
in length, turning between two upright pillars of glass, B B, fixed to a 
stout mahogany base. Two smooth metal conductors, equal in length to 
the cylinder, and about one-third of its diameter, c c, are placed parallel 
to it upon two glass pillars pp, which are cemented into two sliding 
pieces of wood n, by which their distance from the cylinder may be 
adjusted. One of the conductors has a cushion, F, attached to it (by & 
bent metallic spring) nearly as long as the cylinder, and about one inch 
or an inch and a half wide, to the upper part of which is sewed a flap of 
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silk, G, which should reach from the cushion over the upper surface of 
the glass cylinder, to within about an inch of a row of points attached to 

- the side of the opposite conductor. The conductor to which the cushion 
is attached is called the negative conductor; the other collects the elec- 
tricity of the glass, and is called the positive conductor: 4 is an adjusting 
screw to regulate the pressure of the cushion upon the cylinder. The 
motion of the cylinder is in the direction of the silk flap, and may be most 
simply communicated by a handle attached at 1, or, if necessary, by the 
multiplying wheel x. It is obvious, that in this form of the electrical. 
machine, the cylinder and the cushion correspond to the glass tube and 
silk rubber employed in the former experiments, and that all the pheno- 
mena appertaining to the excited tube will be exhibited by the cylinder a, 
and the conductor opposed to it, whilst those of the excited sz/k or rubber, 
will belong to the cushion Fr, and to its conductor. 

To put this electrical machine into good action, every part should be 
made perfectly clean and dry. The cushion is then anointed with amal- 
gam, and applied by a gentle pressure to the cylinder. If positive 

_ electricity is required, it may be received from the conductor bearing the 
points, that supporting the cushion being, at. the same time, uninsulated 
by an attached wire, passing from it to the stand; if, on the contrary, 
negative electricity is required, it may be obtained from the insulated 
cushion and its conductor, the other conductor being uninsulated. 

The best amalgam is composed of one part of tin and two of zinc 

melted together, and mixed, while fluid, with six parts of hot mercury in 
an iron mortar. This mixture is titutated till it becomes a-fine powder, 
which is then formed into a tenacious paste with hogs’ lard. 

Another form of: the 
electrical machine, usually 
called the plate machine, 
consists of a circular glass 

plate a (fig. 118), mounted 

_ upon an axis, and rubbed 

by two pairs of cushions, 
as shown at BB. The brass 

- eonductor c has its points 

opposed to the plate, and is 
insulated by the glass stem 

D: BE are double pieces of 

oil-silk passing from the 
cushions to near the points. 
The whole is supported by 

a stout mahogany frame, 

and motion is given to the 
plate by the winch Fr. 

These electrical ma- 
chines have considerable 
power; they are easily ——— 

cleaned and excited, and are more portable than the einige but as 

they cannot be conveniently insulated, the negative electrical power can- 
not be so well exhibited; for the peneral purposes therefore of experimental 
illustration, the former machines are preferable. | 
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When either of these electrical machines have been for some time out _ 


of use, they require to be thoroughly cleaned: for this purpose, the con- 
ductors and cushions must be removed, and the cylinder or plate cleansed 
with a little whiting and spirit of wine; it must then be wiped perfectly 
dry with a clean, warm, and soft cloth. It is a common custom to set the 
machines before the fire, but this is apt to soften their cemented joints: 
and endangers the plate or cylinder; the former especially is often cracked 
by incautious warming, and, in this case, the crack generally commences at 
the axis, and gradually proceeds towards the circumference; its progress 
may often be successfully checked by drilling a hole through the plate at 
the point of the crack. Dryness rather than warmth of the air is requisite 
for the activity of the electrical machine; it should, therefore, be kept in 
a dry room. When the glass parts of the machine are perfectly clean and 
dry, the cushions, freshly amalgamated, may be applied; their pressure 
upon the cylinder or plate should be very moderate, and they also should 
be dry and warm. The brass parts of the machine and of other electric 
apparatus are very commonly lacquered, which ought not to be, as it often 


interferes with their uses: the brass knobs especially should be clean and 


polished, but not varnished*. 


§ 6.—GENERAL PHENOMENA OF ELECTRICITY OF TENSION. 


WueEn the electrical machine is in good order, and the atmosphere dry, 
it produces a crackling noise when the plate or cylinder is turned, and_ 
flashes and sparks of light are seen upon various parts of the glass, passing 
from the cushion to the conductor: if the knuckle be held near the con- 
ductor, sparks pass to it through some inches of air, with a peculiar noise, 
and excite a slightly-painful sensation in the part upon which they are 
received. These, and the other phenomena we may now notice, are 
especially characteristic of electricity of tension. 

It is conjectured that the cause of the spark thus perceived is the 
sudden compression of the air or medium through which the electricity 
passes, and it is always probably attended by a proportionate elevation of 
temperature, as is shown by the power of the spark to inflame spirit of 
wine, and some other easily inflammable compounds. 

In these electrical machines the surface of the glass becomes positive 


by friction upon the rubber or cushion, which becomes negative; and as — 


the cylinder or plate is kept in progressive motion, it follows that, pro- 
vided there be a means of carrying off its positive electricity, it will con- 
tinually receive a new supply from the uninsulated rubber; if, on the 
contrary, no means of conducting it away be resorted to, it will perpetually 
annihilate itself by retransmission to the cushion. But when the cushion 
is insulated, the abduction of electricity must be very limited: hence, to 
the full and, perfect operation of the electrical machine, two circumstances 
must co-operate; there must be a means of withdrawing the generated 
electricity from the surface of the glass, and of preserving the supply to 
the cushion: of these, the former is effected by the opposed prime con- 
ductor; the latter, by connecting the cushion by a metallic chain or wire 


* There are several splendid electrical | them, one of two plates of four feet 
machines of large dimensions and great | diameter each, revolving upon the same 
power, at the Royal Institution ; among | axis. 
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with the earth. We accordingly observe, in examining the operation of 


the electrical machine,—Ist. That the electricity in either conductor is 


_ extremely feeble when they are both well insulated. 2ndly. That when 


> 


one conductor is uninsulated, the power of the other is proportionately 


augmented ; in the positive conductor, because then the other draws un- 
interrupted supplies from the earth; and in the negative conductor, 


because the positive freely transmits, and hence is left in a state rapidly 
to receive. 3rdly. That the cushion and the surface of the glass are 


always in opposite states. 4thly. That the negative and positive elec- - 
tricities excited, bear precisely that relation which enables them, when 
combined, to neutralize each other: in other words, that the deficiency 
of electricity on the one side is exactly such as to be restored by the 


‘redundancy on the other. 


Those who advocate the hypothesis of two distinct electric fluids 
explain the action of the electrical machine as follows: they suppose that 
by friction the neutral electric fluid of the rubber is decomposed, the 
positive adhering to the glass, and the negative to the surface of the 
cushion; that the positive surface of the glass in its turn decomposes the 


neutral electricity of the prime conductor, the negative element of which is 


attracted by the positive of the glass so as to reproduce upon it the 
neutral state, whilst the prime conductor having thus lost negative 
electricity is left more or less highly positive, not by receiving electricity 
from the revolving glass, but by having parted with its own negative fluid 
to the glass. : 

The appearance of the electric light is modified by the density of the 
medium through which it passes. In common air, short sparks are 
straight, or nearly so, and long ones zigzag; the former are brilliant, 
especially at their extremities; the latter usually ofa paler or redder hue. 
In condensed air, the electric spark is bright and white; in rarified air, 
it is of a reddish tinge, and faint and divided; in the more perfect vacuum 
of a good air-pump it is of a purplish hue, and only visible in a dark 
room. Ina good Torricellian vacuum the light is faint blue; and in the 
most perfect vacua which can be obtained, it is scarcely visible, and of a 
greenish tint. In gases, the electric spark usually appears most brilliant 
in those which are most dense; in hydrogen gas, it is faint and red; in 
carbonic acid, it is vivid and white. . It is also modified by the nature of 
the surfaces from and to which it passes. 

By the aid of Nairne’s electrical machine, all the phenomena of excit- 
ation, and of attraction and repulsion, may be very conveniently studied. 
The conductor attached to the cushion is negative, and that opposed to 
the cylinder positive; the former, therefore, represents the sealing-nax, 
and the latter the glass, employed in the experiments above described. 


- If we attach two pith-balls to either conductor, they repel each other; but 


if one be attached to the negative, and the other to the positive conductor, 
they attract each other. If the two conductors be connected by a metallic 
wire or chain, all electrical appearances cease, showing that the negative 
and positive powers are exactly such as to neutralize or annihilate each 


other: and in this case, a current of electricity traverses the wire, passing 


from the positive to the negative conductor; and, when a break is made in 
it, a succession of sparks pass between the divided extremities. This 
s 
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wire, during the passage of the electricity through it, exhibits other and 
most important properties, which we shall afterwards have to advert to. — 

Whenever a spark passes, it announces the annihilation of the oppo- 
site electrical states, they having been previously brought into existence 
by induction. The knuckle held near the positive conductor becomes 
negative; and when the opposite states have acquired a certain degree of 
intensity, a spark passes, and the state of excitation is at an end. 

There is an important circumstance attending the distribution of 
quiescent electricity, which is, that it belongs to surfaces only, and is so 
far independent of quantity or mass of matter, that a hollow sphere 
receives the same charge as a solid one. Coulomb found that an excited 
globe of metal afforded no indication of electricity in its interior; and that 
an excited hollow cylinder, open at the ends, imparted no change to a 
small insulated disc, introduced into, and brought into contact with, its 
interior. The following illustration of the same fact is due to Biot. 
He suspended a metallic sphere by a silk thread, and exactly covered 
it by two moveable thin metallic hemispheres, which, by insulating 
handles, could be applied and removed at pleasure. On communicating 
a charge to this sphere with its exterior coating, he found, upon its 
removal, that the whole of the charge was carried away upon it, and that 
the sphere remained without electricity: and again, on charging the 
sphere, and then applying the coating, the whole of the electricity manifests 
itself upon the latter, and may again be carried away as before. This expe- 
riment requires some dexterity in its performance, but is perfectly satis- 
factory inits results. In the same way, if any metallic vessel, such as a pail — 
or pot, be insulated and charged with electricity, on bringing an insulated 
carrier-ball to its exterior, electricity may there be carried away and com- 
municated to a gold-leaf electrometer; but on applying the carrier-ball, 
carefully to its interior, it will not receive a trace of electricity. The 
cause of this apparent paradox will be evident by a reference to Mr. 
Daniell’s diagrams. Thus, if we suppose abc d, (fig. 116,) to be a hollow 
sphere charged with electricity, an insulated ball, a, introduced into and 
touching any part of its interior could receive no charge, “because, being 
surrounded by a surface in one electrical condition, it could not induce the 
opposite state by polarising the surrounding air, by which alone a charge 
could be sustained: this will be at once obvious by supposing the ball, a, 
shaded the same as the circle, abcd, to denote a similar state of elec- - 
tricity, when the polarised state of the particles represented in the 
diagram will be seen to be impossible.” 7 

It has been concluded that in a solid body, having the form of a sphere, 
the electric fluid is accumulated in a very thin stratum at its surface, and 
everywhere equally, so that a spark, taken from any part of the surface, 
is of equal length, and the electricity has not more tendency to escape 
from any one part than from any other; its indensity, therefore, is said 
to be everywhere equal. But if we alter the form of the surface, we 
at the same time alter this equal distribution of electricity. If ¢wo 
similar spheres be placed in contact, there will be two points.of greatest 
and equal intensity on their opposite sides in a line with their point of 
contact, and at that point the electricity will be null. In an ellipsoid, also, 
the greatest accumulation appears at the extréimitties of the longer axis, 


= 
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and there the intensity of the electricity is at its maximum, and increases 
with the length of the axis: so that if the ellipsoid be considerably elon- 
gated, the intensity is very feeble at the equator, and very great at the 


_ poles; and in cylindrical bodies, the greater the proportion of the length 


to the breadth, the greater will be the intensity at the extremities. 
Coulomb found that in a cylinder, 30 inches long, and 2 inches in dia- 


meter, the intensity of the electricity at the ends was to the intensity at the 


middle as 2:3 to 1. Ifthe conductor be elongated into a point, the intensity 
there becomes so great as to draw to itself nearly the whole of the elec- 
tricity; hence, wherever points project beyond the general surface, there 
is a tendency in the electricity to pass off. The tendency, therefore, of 
the electric fluid to pass off from surfaces, or in other words its pressure 


against the air, in the language of the mathematical electricians, is con- 


sidered proportional to the square of its quantity: so that, if the electric 


accumulation at four different parts of a conductor be as 1, 2, 3, and 4, 


the pressure against the air at those parts will be as 1, 4, 9, and 16. 


These important influences of the forms of the surface have been well put 
by Mr. Daniell. ‘If two balls of unequal diameters be placed together, 
the maximum intensity of the extreme point of the smaller sphere will be 
higher than that of the corresponding point of the larger, and by adding a 
series of balls in contact with each other, all gradually decreasing in size, 
the intensity willincrease upon the smaller as the diameter decreases. We 
can conceive a succession of such balls gradually diminishing till the series 
ends in a mere point, at which the electric tension will be at its maximum. 
In consequence of this law of distribution, a powerful dispersion of elec- 
tricity takes place from all bodies of a pointed form, the intensity 
upon them i increasing to such an extent that the surrounding insulating 
medium of air gives way before it, and no longer suffices to restrain it.” 


§ 7.—It.ustrations or ExxcrricAL ATTRACTION, REPULSION, AND Inpuc- 
TION, AND OF THE INFLUENCE OF PoINTs. 


TuE statement of facts respecting electrical 
attraction, repulsion, and induced electricity, 
admits of many elegant and amusing illus- 
trations by the electrical machine; the appa- 
ratus for which, with instructions for its use, 
will be found in the repositories of the phi- 
losophical instrument makers. 

The head of hair, which stands on end 
when electrized, serves to illustrate the direc- 
tion of the lines of induction, each hair, as 
if repelled by its neighbour, radiating to- 
wards the nearest point in an oppositely 
induced state, and consequently converging 
towards the finger when held near them. A similar experiment may be 
made by placing a person upon an insulated stool, in connexion with the 
conductor of the electrifying machine; hig hair will diverge as in the 
above figure. 

The following is a sketch of the simplest form of the electrical peal 
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of bells, which ring by the attractions and repul- — 
sions of small clappers suspended between them. 
The bells are arranged as follows: a is a brass 
hook and wire by which they are suspended to 
the conductor; b the bells attached to the wire by 
a brass chain, the centre one being suspended by 
silk; c the clappers also suspended by silk. - The 
electricity received at a is slowly dissipated by the 
edges of the bells, the ringing of which is occasioned 
by the alternate attractions and repulsions of the 
insulated clappers.. A better arrangement consists 
in suspending the central bell by silk in the. same 
“way as the clappers, and connecting it with the 
table by the wire ec. aici rit a 
Dancing figures, cut out of light paper, may be made to exhibit very 
ridiculous movements by a little management in. turning. the machine. 
‘For this purpose, suspend a brass plate from the conductor of the ma- 
chine, and beneath it, at the distance of four or five inches, place a 
similar brass plate connected with the ground; on this put the paper 
3 figures; when the upper plate is electrified, they 
rise and perform a dance by their motion between 
the plates. . ; 
A good experiment, illustrating attraction and 
repulsion, consists-in attaching a wire, with a blunt 
point, to the prime conductor, and holding over it 
a clean dry bell-glass, the interior of which will 
thus receive a superficial charge; if it-be then set — 
upon the table over a dozen pith-balls of different 
sizes, they will dance up and down in it for several 
- minutes, until they have nearly carried off its re- 
dundant clectricity. 
Among the experiments particularly illustrative of electrical induc- 
tion, we may notice the luminous tubes and words, in which a number of 
A sparks are made to pass between small pieces of tin-foil, 
so arranged as to produce in a darkened room a variety of 
figures and devices. In the luminous tube, a number of 
small spangles of tin-foil are pasted spirally round a tube - 
about half an inch in diameter, and within a very short | 
distance of each other; upon holding the brass-ball a to 
the prime conductor of the machine when in good action, 
the other end of the tube being uninsulated, a beautiful 
succession of small sparks is seen between each of the 
little discs of foil. The opposite electrical states are here 
produced by induction throughout the series of spangles, 
the passage of the sparks indicating the momentary annihi- 
lation of the electricities. Let the following figures, for in- 
SS stance (fig. 124), represent three of the discs or spangles: 
it follows, then, that 1, being held 124 


~ near to the positive conductor, will become polar, <\ (- \ a 
as represented by the letters N and P: and the «») &® «3 
i 2° 3 ae 
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whole series, whatever may be their number, will be thrown into the 
same state as the conductors represented in the figure at page 249, and 
remain so till the spark passes. ; | 

The influence of points in receiving and carrying off electricity 
has already been adverted to, and may be: further elucidated by ‘the 
following experiments. If we hold a pointed wire to the prime con-, 
ductor, it rapidly and silently draws off its electricity, and sparks cannot 
be taken from it by the knuckle, or a brass ball, while the point is in its 

neighbourhood; or if we attach a . 
pointed wire to the conductor, there 
is the same convection of electricity ; 
and on holding the hand near the 
point, we perceive a peculiar coldness, 
‘or wind, as it were, which has been 
called the electrical aura: it is even 
sufficient to blow out a candle held 
near it. This arises from the secession of the electrified particles of air 
in consequence of the inductive force concentrated upon ‘the point. 
~ “If the point itself be moveable, it will of course 126 
be itself reacted upon, and upon this principle a variety 
of ingenious apparatus has been constructed, such as 
fly-wheels, orreries, and so on. A simple instance is 
shown in the annexed cut (fig. 126), in which a fly 
with four arms, each terminating in a point at right 
angles to the arm, is balanced at its centre upon a 
pointed wire stuck into the prime conductor. The 
escape of the electricity from the points, and its action Saas 
upon the adjacent air, causes the fly to revolve rapidly. 
’ Jf these experiments be made in the dark, it is 
observed that a point held towards the negative con- 
‘ductor has the appearance of giving out a brush of light 
(fig. 127); but when held to the postive conductor, a 
luminous star or point is all that is observed (fig. 128). 
These appearances have been supposed to demonstrate 
the existence of an electric fluid, which, in the one in- 
stance, is supposed to be escaping from, and, in the 
other, received by, the point: but: these affections of 
light cannot be admitted as proofs of the existence of 
any distinct form of matter™. 


~ 125 


* The philosophy of the electric dis- | limits, I must, therefore, content myself 


charge by sparks, brushes, &c., has been 
minutely studied and ably illustrated 
by Mr. Faraday, more especially in the 
12th series of his Researches; he has also 
described its appearance in various me- 
dia or dielectrics; his details upon these 
subjects are extremely curious and im- 
portant, but are too extended to be here 
quoted, and scarcely admit of such 
abridgment as to bring them within my 


by referring the reader to the original. 
{t will be observed that the brush differs 
from the spark in being “a discharge 


between a bad or a non-conductor, and 


either a conductor or another non-con- 
ductor ; the spark ensues where an insu- 
lating dielectric is interposed between 
two conducting surfaces in opposite states 
of electricity ; and then if the actions be 
continually increased in strength, or 
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§ 8.—Or InpucTion THRovaH GuiAss, AND or THE Leypen Jar, 


From what has been said respecting induced electricity, and the elec- 
trical accumulation dependent upon it, it will appear that the intervention 
of conductors and non-conductors, or imperfect conductors, is requisite 
to the existence of the phenomena. In the cases cited, the non-conduct- 
ing medium through which it takes place, or the dielectric, is the air; we 
shall now show that induction may also take place through glass. 

For this purpose it is only necessary to excite one side of a clean, dry 
pane of glass, by rubbing it with a piece of silk; and, on holding a feather 
or pith-ball to the other side of the pane, it also will be found electrical. 
If we now examine the nature of the electricities by which the glass 
plate is charged, it will be found that the rubbed side being positive the 
opposite side is negative. | : 

In the same way we may charge a plate of glass with the opposite 
electricities, by holding it to the prime conductor of the machine: in this 
case sparks will often appear to pass through the glass; but, on removing 
it, the side which has touched the conductor will be found postive, and 
the opposite side negative. : f 

As glass is a non-conductor, it is difficult to spread the electricity 
equally over its surface: this, however, may easily be effected by coating 

129 both sides of the pane with thin tin-foil to within 
about an inch and a half or two inches of the edge, 
as shown in fig. 129. If we now communicate elec- — 
tricity to one side of the plate, the other, not being 
insulated, will become oppositely electrical, and in 
this way a charge will be acquired by the plate: if 
we now, by means of a bent wire, make a commu- 
nication between the two sides of the coated pane, a 
bright spark will pass, and the accumulated electricities will be imme- 
diately annihilated. 

We avail ourselves of arrangements of this sort for the purpose of 
accumulating electricity, which may thus be accomplished to a great and 
powerful extent; but the pane of glass is an inconvenient form of appa- 
ratus for the purpose, and we usually substitute for 
it a phial or jar, as represented in fig. 130, coated 
inside and out with tin-foil to within three omfour 
inches of its mouth. A brass wire, surmounted by — 
a knob, is then made to communicate with the in- 
terior coating, and the apparatus is ready to receive 
_ its charge of electricity, precisely upon the same 

principle as the pane of glass. This is called the 
Leyden jar or phial, the method of arrangement 
having been accidentally discovered in 1700 by 
Muschenbrock, of that University. The glass should be thin, and, as far 


otherwise favoured, either by exalting | a spark at last appears, and the two 
the electric state of the conductors, or | forces are for the time annihilated, for _ 
bringing them nearer each other, or di- | the discharge has occurred.” ~~ “= 
minishing the density of the dielectric, 
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as possible, uniform throughout; for phials or jars which are very thick, 
or much thicker in one place than another, are unfit for the purpose. 

If we now hold the jar by its outer coating, and present the knob 
near to the ‘conductor of the machine, a succession of sparks will pass 
into it, at first very rapidly, afterwards more slowly, and at length 
ceasing altogether. The jar is then charged; and if a communication 
be now made by a metallic wire, from the outer to the inner coating, 
a bright spark, attended by a snapping noise, will pass from the knob, 
after which no further effect will be produced, the jar having been 
discharged. ‘The jar may also be charged by receiving the sparks upon 
the outer coating, whilst the knob is held in the hand. 

The wire used for theabove purpose should be mounted o. 
with balls at its ends, and is usually called a discharger, ae Gy 131 
a; it is sometimes jointed, for the convenience of apply- Sie 

ing it to large and small jars, and mounted upon a glass 
handle, 6 (figs. 131, 132). 

If, having charged the jar, and holding its exterior 

coating in one hand, we touch the knob with the other, 
the spark passes as before, and we perceive a peculiar 
and very painful sensation at the wrist and elbows, and 
across the breast, which is called the electric shock. It 
is painful for the moment only, and leaves little other 
permanent impression than that resulting from fear or 
surprise. 
- In charging the jar as above described, if we keep 
it in contact with the conductor, and the machine is in 
good action, we observe, after a time, that flashes of light 
pass across the uncoated interval, which are soon followed by a loud 
crack or explosion, and a long and brilliant spark passes from the wire to 
the coating. In this case the electricity has been accumulated to such a 
degree of intensity as to discharge itself spontaneously over the exterior 
uncoated interval. 

To ascertain the relative charge which the jar has 
received, and its power of retaining that charge, we 
employ the quadrant electrometer, (fig. 133,) contrived 
by Henley. It consists of a round stem of metal, seven 
or eight inches long, surmounted by a ball, to which is 
attached a semicircle, most conveniently made of thin 
ivory: in its centre a pin is fixed, on which a slender 
slip of cane, about four inches long, with a pith-ball at 
its other end, turns freely, and traverses the semicircle 
as an index; the lower half of the semicircle is divided 
at the edge into ninety degrees. When this instrument 
is electrified, there is, of course, a tendency to repulsion between the 
moveable ball and the stem: the ball therefore recedes, and carries the 
index over the graduated circle, to a greater or less extent, in proportion 
to the intensity of the electric charge. The repulsion is at its maximum 
when the index stands at right angles to the stem, or at 90° upon the 
scale. This electrometer may be fixed upon the prime conductor, or upon 
the knob of the jar. The latter is often a very convenient place for if, 
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because, having charged the jar and removed it from the conductor, we 
see by the behaviour of the electrometer how far the jar retains its 
charge. | | ay | . 
There are many other electrometers which are applicable to these high 
charges of electricity, among which Cuthbertson’s Balance Electrometer, 
and Lane’s Discharging Electrometer, will be found very useful. Mr. 
Harris, of Plymouth, has also described a balance electrometer, (Phil. 
Lrans., 1834, p. 213,) by which the mutual attraction of oppositely 
electrified surfacesmay be very accurately estimated and compared; and 


in experiments in which it is required to charge Leyden jars or batteries 


with known proportions of electricity, the unzt-jar, contrived by the 
same electrician, is also a most useful piece of apparatus. 

In charging the Leyden jar many hundred sparks are observed to enter. 
it, which, when it is discharged, are all concentrated into one; hence the 


eS 


brilliancy of its light, the loudness of the explosion, and the acuteness of — 


the sensation which it produces. 


When the jar is in direct communication with the conductor. of the | 
machine, it diminishes the intensity of its electricity, and consequently 


admits of a greater change in its electric state before any given resistance 
is overcome, or force of attraction manifested. This is shown by attaching 
the quadrant electrometer to the conductor of the machine, which, when 
turned, immediately causes it to rise toits full extent; but when the 


interior coating of the jar is in union with the conductor, the machine 


must be turned for some time before the rise of the electrometer attains, 
its maximum. ~ } js a 
The annihilation of positive by negative electricity, and the reverse, 
may be strikingly shown by attaching the quadrant electrometer to a 
Leyden jar, and giving it a certain charge—say to twenty degrees—from 
the positive conductor; then transfer it to the negative conductor, and 
whilst apparently receiving a negative charge, the electrometer will gra- 
dually fall, and, at length, all electrical accumulation disappear: then, as 
the jar acquires its negative charge, it will again rise, and ‘may be again 
discharged by transferring it to the positive conductor. . | 
The power of the Leyden phial, as a source of electrical accumulation, 
being dependent upon the opposite states of its two surfaces, it is obvious 
that one of them must always be connected with the ground, in order 


that it may acquire its charge. If we suspend a jar by its knob (a thin : 


globular jar answers best for this experiment) to the positive conductor, 
of the machine, its outer coating, being surrounded by dry air, cannot 
give off any of its electricity, and consequently it will receive no charge 
so long as it remains thus insulated; but if we hold the hand near the 
outer coating, sparks of positive electricity will pass off, and the jar acquire 
a charge. This isa good experiment, illustrating the Franklinian theory of 
electricity, which supposes the electric fluid to be present in all bodies, 
but to manifest itself only when its equilibrium is disturbed. Thus, when 
we charge a jar in the usual way, we add to the electricity of its interior 
coating, whilst its exterior throws off an equivalent quantity: so that 
the former becomes positive, or plus, and the latter negative, or minus: 
‘but if the jar be insulated, the electricity cannot escape from the .outer 
coating, and consequently the jar cannot be charged. The theory of two 


place the other on the table, with its knob 
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fluids assumes that the positive electricity deposited upon the inner sur- 
face of the jar repels the positive electricity from the outer surface of the 
jar, and attracts the negative electricity : that, therefore, every spark which 
passes from the conductor to the knob, occasions an increase of positive 
electricity upon the inner surface, and of negative electricity upon the 
outer surface, and that the mutual attraction between these two electricities 


prevents their spontaneous escape, and occasions a greater accumulation — 


of each upon their respective surfaces: that when a communication 
by a perfect conductor is made between the two surfaces, the electricities 
rush into combination, and a appearances of accumulation or excitation 
are at an end. 

_ The following experiment further illus- 
trates this subject: —Take two Leyden jars 
of similar size (fig. 134); insulate one of 
them by fixing it upon a glass stand, a, and 


half an inch distant from the coating of 
the insulated jar, the knob of which should 
be placed at the same distance from the 
conductor of the machine. For every spark 
that passes to the knob of the first jar, 8, 
there will be a similar spark pass from its 
coating to the knob of the second jar, c, 
and both jars will become similarly and 
equally charged. As, therefore, the second 
jar is thus charged By sparks emitted from 
the exterior surface of the first, and as their 
charges are equal, it follows that for every 
portion of electricity added to one side of 
the coated glass, a corresponding or equi- 
valent portion /eaves the opposite surface. 

The preceding wood-cut shows the proper arrangement of the apparatus 
for this experiment. 

Upon this principle a jar may be charged by the transfer of its own 
natural electricity from one surface to the other: for instance, suspend a 
jar to the positive conductor of Nairne’s machine, and connect its ouler 
coating by a wire with the negative conductor or rubber, the whole being 
in a state of insulation, so as to prevent the access of electricity from the 
earth. A few turns of the machine will charge the jar; that is, the elec- 
tricity which is thrown into its inner surface by the positive conductor, 1s 
abstracted from its outer surface. 

This experiment is further instructive, as showing the tip Pncae ‘y 


of glass to the electric fluid, for the gondiictor and the rubber of the 
_ machine are separated from conducting contact with each other by the 


thickness of the glass jar only, and a considerable accumulation of elec- 
tricity takes place, which the contact of the thinnest film of conducting 
matter, or the slightest fissure in the glass, would effectually prevent. 
‘When the glass of the Leyden jar is very thin, it does occasionally happen 
that it is perforated by a powerful charge ; in ‘this case a small round hole 
is observed in the glass, and the jar is rendered useless, 
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It has been said above, that a plate of glass not covered by tin-foil, 
may be charged by contact with the prime conductor: the metallic coating, 
therefore, is not essential to its charge, but its principal use is, by its con- 
ducting power, to spread the electricity over the surface of the glass, and 
to enable it, when the discharge is made by uniting the opposite surfaces, 
to be carried off at once in asingle spark. Jars are sometimes made with 
moveable coatings; these may be charged as usual, and the coating re- 
moved and again replaced, when it will be found that they still retain 
their electricity, which appears to adhere to the surface of the glass. 

Mr. Faraday’s researches have disclosed new views respecting the 
extraordinary condition of the glass, or of the molecules of the glass in a 
charged jar, and as constituting the polar dielectric; each layer of particles 
being, as he assumes, thrown into a peculiar polar condition, which, if 
retained, constitutes insulation, but which, if lowered by the commu- 
nication of power from one particle to another, constitutes conduction: 
he regards insulation and conduction as only extreme degrees of one 
common condition or effect, and shows that these two apparently perfectly 
dissimilar conditions may be associated by numerous intermediate links.— 
(See Series xii. of his Researches.) 

The following experiment to a certain extent illustrates the condition 
of the charged glass in the above experiments; if we apply to particles 
what we here observe in regard to masses. Apply the uncoated sides of 
two thin plates of glass, each coated upon one side only, to each other, and 
charge them; on attempting to separate them they are found to adhere 
together, and, on separating them, the uncoated side of the plate which 
had touched the conductors will be found positive, and that of the other 
negative. | ’ 

Mr. Faraday’s views of the nature of induction led him to infer the 
existence of a specific inductive power peculiar to each substance, and 
he proved it by very decisive experiments (Hesearches, series xi.),in which, 
among other forms of apparatus, he employed what he has termed a 
differential inductometer, one of the forms of which consisted of two insu- 
lated brass plates placed within a certain distance of each other, one of 
which was connected with the cap of a gold-leaf electrometer: on elec- 
trifying the other, it acted by induction through the air upon the electro- 
meter, and produced a certain extent of divergence of the leaves: plates 
of different substances were then substituted for the air interposed between _ 
the plates, and the divergence was either increased or diminished, according — 
to the relative facilities with which induction took place through the. 
interposed substances: he thus ascertained that the specific inductive 
capacity of air being assumed as = 100, that of glass is =176, of shell- 
lac = 200, and of sulphur = 224. With respect to aériform bodies, he 
ascertained the curious fact that they all possess the same power of sus- 
taining induction; no variations either of their density or elasticity 


produced any change in the electric tension, till rarification was carried _ 


so far as to enable the discharge to take place across them; hot and cold, 
and dry and damp air were compared, but no difference was observed. 

In speaking of the different states of electricity, the terms quantity and. 
intensity are frequently used to indicate the different phenomena which it 
exhibits: the former implies the actual quantity of electricity in any body; 


THE LEYDEN JAR. 267 


and the Jatter, or the term tension, signifies the state of electricity indi- 


cated by the electrometer, and its power of flying off from surfaces, and 
passing through a certain stratum of air or other ill-conducting medium. 
The meaning of these terms will be more evident when we are considering 
the electricity of voltaic combinations: in the mean time, as regards the 
electricity of the machine, they may, perhaps, be further illustrated as 
follows:—If we suppose acharged Leyden phial to furnish a spark, when — 
discharged, of one inch in length, we should find that another uncharged 
Leyden phial, the inner and outer coating of which were communicated 
with those of the former, would, upon the same quantity of electricity 
being thrown in, reduce the length of the spark to half an inch; here, the 


quantity of electricity remaining the same, its intensity is diminished by 


one-half, by its distribution over the larger surface. Upon the same 
principle, if a long metallic riband be coiled up and placed upon the cap 
of a gold-leaf electrometer, the leaves of which are fully diverged by a 
sufficient charge of electricity, it will be found upon uncoiling the riband 
by means of an attached silk thread, so as still to preserve insulation, that 
the leaves collapse to a greater or less extent, in proportion to the quantity 


of the riband uncoiled, and that, upon allowing it again to coil up, they 


again diverge; here the extent of the divergence is proportionate to the 
intensity of the electricity, which, the quantity remaining the same, is 
increased or diminished inversely as the surface exposed. 

It is obvious, that the erlension of surface will be attended with 


‘a greater superficial exposure to the unelectrified air; and hence it 


might be expected, that a similar diminution of intensity would result 
from the vicinity of the eléctrified surface to the ground, or to any other 
body of sufficient magnitude in its ordinary or unexcited state. That 
this is the case, may be shown by diverging the leaves of the gold-leaf 
electrometer, and in that state, approaching the instrument with an unin- 
sulated metallic plate, which, when within half an inch of the electro- 


meter-plate, will cause the leaves to collapse; but on removing the 


uninsulated plate, they will again diverge, in consequence of the electricity 


‘regaining its former intensity. The same fact is shown by the condensing 


electrometer. 

The influence of the air upon the retention of electricity by surfaces 
has already been mentioned, and may be further illustrated by the Leyden 
phial, which, if charged, and placed under the receiver of the air-pump, 
gradually loses its charge during exhaustion, and if the experiment be 
made in the dark, the two electricities are seen annihilating each other 
by flashes of light. This tendency of electricity to fly off from surfaces, 
is always greater in rare than in dense media, and consequently the length 
of the spark,, or striking distance, (as when a charged jar is discharged,) 
supposing the quantity of electricity to remain constant, will vary, inversely 
as the density of the air; and, according to Mr. Harris, the resistance to 
the passage of the charge varies as the square of the density of the air; 
aud Dr. Turner found the striking distance for the same charge greater in 
hydrogen than in air, and greater in air than in carbonic acid gas. If 
electricity, though of great intensity and small quantity, be made to pass 
through a non-conducting medium, its effects are curiously increased; 
and in this way it may be made to-perforate glass; as when we surround 
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a pointed wire by wax or oil, and take sparks from it through a thin phial, — 
The passage of electricity through air of different densities, and in vessels 
and tubes of different shapes; lengths, and diameters, gives rise to a 
number of beautiful and very interesting experiments.: The good 
conducting power of flame, and the facility with which it discharges elec- 
tricity, may also probably be referred to its rarity. But all these phe- 
nomena, and others which have been more exclusively referred to 
the air’s pressure, are principally referable to changes in the inducting 
power of the dielectric, or surrounding medium, and are beautifully 
consistent with those views of the nature of specific induction which 
Mr. Faraday has deduced from his experimental researches (Series xii.). 
In reference to the pressure of the atmosphere, as influencing the reten- 
tion of electricity upon the surfaces of conductors, Mr.’ Faraday well 
remarks, that “it associates two such dissimilar things as. the ponderous 
air and the subtile and even hypothetical fluid or fluids ‘of ‘electricity by 
gross mechanical relations; by the bonds of mere: static pressure. My 
theory, on the contrary, sets out at once by connecting the electric forces 
with the particles of matter; it derives all its proofs, and even its origin, 
in the first instance, from experiment; and then, without any further 
assumption, seems to offer at once a full explanation of those and many 
other singular, peculiar, and, I think, heretofore unconnected effects.” 
The Leyden jar furnishes a striking illustration of that case of induc- 
tion before alluded to (p. 258), in which the two electric forces are 
so limited in their direction as to present no indications external to 
the apparatus employed; thusif we charge a jar, and then, by an insulated 
handle or silk thread, remove the charging ball and wire, such jar will 
present no electric appearances on examining either coat by an insulated 
carrier-ball; if such a ball having been in contact either with the inner or 
outer coat be examined by the gold-leaf electrometer, no signs of electri- 
city can be detected: the two forces are confined to the coatings, or to 
the particles of the dielectric contiguous.to them, and are entirely engaged 
to each other by induction through the glass. But if we now replace the 
charging-ball and rod, by an attached silk thread, then the part projecting 
above the jar will give a powerful charge to the carrier-ball, and the 
outside coating of the jar, if it be insulated, will be found in the opposite 
state; each strongly inductive to surrounding objects; and after these 
trials, on discharging the jar, we have evidence, by the usual phenomena, - 
of the annihilation of the previous inductive state —(F'arapay, Series Xiy.,, 
§ 1682.) | 
The power of the Leyden jar, in receiving and retaining electricity, 
is proportioned to its surface, but a very large jar is inconvenient, and 
difficult to procure; the same end is attained by arranging several jars, 
so that by a communication existing between all their interior coatings, 
their exteriors being also united, they may be charged and discharged as 
one jar. Such a combination is called an electrical battery, and is useful 
for exhibiting the effect of accumulated electricity. | “Ce i 
_ The discharge of the battery is attended by bright light, and bya 
considerable report, and if it be passed through small animals it 
kills them; if through fine metallic wires, they are ignited, melted, 
and burned; and gunpowder, cotton’ sprinkled with powdered resin, 
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and a variety of other preesables, may he inflamed by the same 
means. 

_The mechanical force that accompanies the electric discharge is shown 
by the perforation of paper, the tearing of the leaves of plants, and of 
pieces of wood, and the breaking of plates of glass, through or over which 
it is made to pass; chemical decompositions may be effected by it, and it _ 
produces magnetic effects consistent with the laws which we shall after- 
wards point out, 

_ We observe, therefore, that certain attractive, repulsive, and uduchre 
powers belong to electricity in a quiescent state, and that when in motion, 
it produces heat, light, chemical effects, and magnetism. 


§ 9.—Or tue ELECTROPHORUS, AND CONDENSER. 


_ Tue electrophorus (fig. 135) is often used ag a permanent source of 
electricity, and may sometimes be conveniently and economically sub- 
stituted for the electrical machine, especially in the chemical laboratory. 
It consists of two metallic plates, a a, with 
an intervening plate of resinous matter, b 
for the latter equal parts of shell-lac, resin, 
and Venice turpentine are generally used, 
the mixture being carefully melted in a 
pipkin, and poured, whilst liquid, into a 
wooden or metal hoop, of a proper size, 
placed upon a polished surface of glass or 
marble, from which it easily separates === 
when cold; it should be about half an inch thick, and the smooth sur- 
face being ‘uppermost, the lower side should be pean with tin-foil, or 
attached to any other metallic plate; a polished brass plate, with a glass 
handle c attached to it, is then placed upon the upper surface of the 
resinous plate, and of rhe: smaller diameter. The resin having been 
_ previously excited by gentle friction with a piece of dry fur, the instru- 
ment will be found to exhibit the following phenomena. 

Upon raising the brass plate by its insulating handle, it will be found 
very feebly electrical ; replace it, touch it with the finger, and again lift it 
off by its handle, and it will give a spark of positive electricity. This pro- 
cess may be very often repeated without fresh excitation, which circum- 
stance, as well as the nature of the electrical charge, shows that the elec- 
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* The intensity of the heat produced 
even by the common electric spark, is 
such as easily to inflame alcohol, kindle 
gas flames, and so on; the reason why 
this heat is not, in common cases, ob- 
served, is the excessive rapidity of the 
effect, of which, as appears from Mr. 
Wheatstone’s experiments, the term 
_ instantaneous gives us but a very im- 
‘perfect idea; hence it is, that the 
spark taken from the hand has not time 
to burn, though a succession of sparks 


limited to the same spot produces inflam- 


mation; and we shall afterwards find, 


that by diminishing the rapidity of the 
progress of electricity, or using a conti- 
nuous current, we get a variety of effects 
completed, of which, the excessive transi- 
ency of the common electric spark either 
from the machine or Leyden jar, prevents 
the accomplishment. Any continuous 
current of electricity, which we can ob- 
tain by thecommon machine, is extremely 
small in’ quantity, hence the difference 
between its effects and those which we 
shall afterwards witness in other cases 
of electric excitation. 
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tricity of the moveable brass plate is not directly derived from the resin, 
but that it depends upon induction: this is more obvious by considering 
the upper plate, not as in absolute contact with, but merely very near 
the resinous disc, which, from the minute irregularities upon its surface, 
is really the case; the negative electricity, therefore, of the excited. 
resinous plate, is communicated from a few points of contact to the brass 
plate, upon its first application, and then, the Jatter is precisely in the 
state of a conductor opposed to, but not touching, an electrified surface; 
and consequently in due condition to be rendered permanently elec- 
ttical by induction, when occasionally uninsulated by the contact of the 
finger. | 
With this instrument, one phenomenon of induction may be shown, 
which cannot be so well exhibited by any other; namely, the increased 
capacity, as it is sometimes called, for electricity, of the conductor under 
the influence of induction. The brass plate, when placed upon the resin, 
may be regarded as in a polar state; the lower surface near the resin 
being positive, the upper surface being negative. Upon touching the 
upper surface with the finger, it instantly acquires electricity, loses its 
apparent polarity, and becomes positive, giving, upon removal, a positive 
spark to any conductor. It is obvious that in this case the brass plate 
represents one end of a conductor of indefinite extent. That the quan- 
tity of electricity received by the plate is equivalent to that given out, 
is supposed to be shown by the following experiment:—place the metallic 
upon the resinous plate, and touch the former with the knob of a Leyden 
phial; then touch the cap of an electrometer with the knob of the phial, 
and it will give a certain negative divergence to the leaves; raise the 
plate and present the knob of the jar to it, a spark will pass; and, upon 


applying the jar a second time to the electrometer, the leaves will en-. 


tirely collapse, showing the exact annihilation of the former negative by 
the latter posilive charge. 

When the electrophorus is placed upon an insulating stand, its lower 
plate is always found in an opposite electrical state to the upper one, so 
that in this respect its plates resemble the coatings of a Leyden jar: it 
also well illustrates the great inductive capacity of the lac or resinous 
compound. 

When an insulated surface is opposed to another which is not insu- 
lated, sv as to be affected by it by induction, the electricity communicated 


to the former suffers an increase of tension on breaking the induction by’ 


removing the opposed uninsulated conductor: this property is exhibited 
as follows:—Provide a brass plate, three or four inches in diameter, and 


drop upon its lower surface three small spots of sealing-wax; place it 


upon a similar plate, forming the cap of the gold-leaf electrometer, from 
which it will be separated about a twentieth of an inch by the three small 
insulated legs of wax. Connect the upper plate with the ground, by 
touching it, and give a very feeble electrical charge to the electrometer, 


SO as scarcely perceptibly to diverge its leaves; then suddenly remove ~ 


the upper plate, by which the induction towards it will be broken, and 


the tension of the electricity suddenly increased, so as to cause a very 


considerable divergence of the leayes. . 
The plates employed in this experiment have been called condensers. 
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They are sometimes placed perpendicularly, 
as in fig. 136, and the uninsulated plate a is 
supported. by a wire and joint, so as to be 
brought as close as possible to the insulated = *.,, 
plate 6, without touching; the latter is in “aa 
communication with the electrometer, and ( 
having received its charge, the moveable un- =, 
insulated plate is drawn back, as in c, and A 
the intensity of the electricity displayed. bed 
- Sometimes the condenser is directly 
attached to the electrometer, as shown 
in fig. 137: a the insulated plate; 6 the 
moveable plate in communication with 
the ground. 

The general phenomena of induction 
already explained are also illustrated by 
this form of apparatus; and it will now be 
evident that whatis termed electrical repul- 
sion depends upon induction to surrounding 
bodies, as in the case of the gold leaves of 
the electrometer, or of two similarly elec- 
trified pith-balls, which cannot induce 
towards each other, but do so in all other 
directions through the molecules of the surrounding medium or diel acute: 
In the condenser above described, when the plates are near each other so 
as only to be separated by a very thin stratum of air, induction chiefly 
takes place from a to 6; but on removing 6 to a distance, the induction 
of the gold leaves to the nearer surrounding objects becomes manifest, 
and they appear to repel each other. In these cases, more or less of the 
inductive force is diverted from one direction into another. 
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Havine considered electricity in relation to its most obvious and ordi- 
nary effects, we may proceed briefly to examine its influence as a natural 
agent. 

Electricity is called into action, upon a grand and sublime scale, in 
the production of the thunder-storm. It has been by no means satisfac- 
torily ascertained to what the electric accumulation, that in such cases 
ensues, is to be attributed, but it is probably referable to a variety of 
causes, and connected with some peculiar power in masses of aérial 
vapour to receive and retain electrical charges, which do not admit of 
artificial imitation, and cannot, therefore, be satisfactorily explained by 
experiments upon a smaller scale. 

The ancients referred the thunder-storm to the collision and attrition: 
of clouds and vapours, impelled and agitated by currents in the higher 
regions of the atmosphere; and, in more modern times, before the dis- 
- coveries in electricity which have been noticed, subtile inflammable and 
sulphureous exhalations were supposed to exist in the air, and, by their 
ignition and explosion, to produce the effects. 


At an early period of electrical science, an analogy between the elec- 
tric spark and lightning was suggested. Mr. Grey and Dr. Wall, and — 
afterwards the Abbé Nollet, (Lecons de Physique Expérimentale, t. 
iv. p. 314, Paris, 1748), hinted more explicitly at this analogy. “If any 
one,” says he, “should take upon him to prove, from a well-connected 
comparison of phenomena, that thunder is, in the hands of Nature, what 
electricity is in ours; that the wonders we now exhibit at pleasure are 
small imitations of those great effects which alarm us, and that the whole 
depends upon the same kind of mechanism; should it be shown that a — 
cloud, formed by the action of the winds, by heat, and by a mixture of 
various exhalations, is, when opposite to a terrestrial object, as an elec- 
trified body when at a certain distance from one. that: is not electrified, I 
confess, such an idea, if well supported, would afford me infinite pleasure, 
and, that it may be supported by many plausible arguments, is obvious 
to any one well versed in the history of electrical phenomena. ‘The uni- 
versality of the electric matter, the rapidity of its action, its heat, and its 
activity in inflaming other bodies; its property of striking them externally 
and internally, even to their smallest parts; the remarkable instance we 
have of this effect in the Leyden experiment; the notion which may be 
legitimately adopted of the effects that might be supposed to arise from a 
much greater accumulation of electric power: these, and many other points 
of analogy which I have for some time meditated upon, almost induce 
me to believe that, in taking electricity as a foundation, one might form 
much more perfect and plausible hypotheses respecting the origin of | 
‘thunder and lightning than any that have been hitherto suggested.” 

Such are the suggestions of Nollet respecting the analogies between 
electricity and lightning: their truth was afterwards proved by Franklin, 
who, like his predecessors, meditating upon the similarity of their effects, 
traced out further resemblances, and at length hit upon the happy expe- 
dient of sending up a common kite to an electric cloud, and thus expe- 
rimentally demonstrating their identity. The following are the particu- 
lars of this curious discovery. (Encyclop. Brit. Art. ELncrriciry.) | 

Franklin begins his account of the similarity of the electric fluid and 
lightning, by cautioning his readers not to be staggered at the great 
difference of effects in point of degree, since from that no fair argument 
could be drawn of the actual disparity of their nature. It is, he says, 
no wonder that the effects of the one should so far exceed those of the - 
other; for if two gun-barrels electrified will strike at two inches distance, 
and make a report, at how great a distance 10,000 acres of electric cloud 
must strike and give its fire, and how loud must be the crash. He then 
adds, that flashes of lightning are generally crooked and waving, and so 
is & long electric spark; that lightning, like-common electricity, strikes 
the highest and most pointed objects in its way, in\ preference to others, 
such as hills, trees, towers, spires, masts of ships, points of spears, &c.; 
that it takes the readiest and best conductor; that it sets fire to inflam- 
mable bodies, rends others to pieces, and melts the metals. - Lightning, 
he adds, has often been known to strike people blind, and the same 
happened to a pigeon which had received a violent shock of electricity; 


in other cases it has killed animals, and they have also been killed by ; 
electricity. 
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Reasoning on these effects, and having observed that pointed conduc- 
tors appear to attract electricity, he conceived that pointed rods of iron 
attached to buildings might draw from clouds their electric matter, without 
noise or danger, and dissipate it at their termination in the earth: the 
following is his memorandum upon this subject:—“ The electric fluid is 
attracted by points; we do not know whether this property be in light- 
ning, but since they agree in all particulars in which we can already 
compare them, it is not improbable that they agree likewise in this. Let 
the experiment be made.” | 

In the year 1752, while waiting for the erection of a spire in the city 
of Philadelphia, not imagining that a pointed rod of any moderate height 
would answer the purpose, it occurred to him, that, by means of a com- 
mon kite, he might have ready access to the higher regions of the 
atmosphere. Preparing, therefore, a large silk handkerchief, and two 


eross sticks to extend it on, he took the opportunity of the first 


approaching thunder-storm, and went into a field, where there was a 
shed proper for his purpose. But, fearing the ridicule which might 
attend an unsuccessful attempt, he communicated his intention to no 
one but his son, who assisted him in flying the kite. A considerable 
time elapsed without appearance of success, and a promising cloud 
passed over the kite with no effect, when, just as he was beginning to 
despair, he observed some loose threads upon the string of the kite begin 
to diverge and stand erect; on this, he fastened a key to the string, and 
on presenting his knuckle to it, was gratified by the first electric spark 
that had thus.been drawn from the clouds; others succeeded; and when 


the string had become wet by the falling rain, a copious stream of electric 


firé passed from the conductor to his hand. What were Franklin’s 


emotions upon this occasion, it is easy to conceive: we are told that 


when he saw the fibres of the string diverge, and the spark pass, “he 
uttered a deep sigh, and wished that the moment were his last;” he 
felt that his name would be immortalized by the discovery. 

Franklin pursued these experiments with much assiduity and suc- 
cess: he erected an insulated iron rod to conduct the electricity of the 


- clouds into his house, and performed with it nearly all the experiments 


.. 


for which he had before employed the common machine; and that no 


opportunity might be lost of making such experiments, he attached a 


chime of bells to the electric rod, which gave him notice, by their ring- 
ing, of the electric state of his apparatus. 
Two French gentlemen, Messrs. Dalibard and Delor, probably were 


were the first who experimentally verified Franklin’s hypothesis. The 


former prepared his apparatus at Marly, near Paris; the latter at his 
house, which stood upon high ground in that city. Dalibard’s apparatus 
consisted of an iron rod forty feet long, the lower end of which was 
brought into a sentry-box ; on the outside it was fastened to three wooden 


posts by silken strings defended from the rain. This machine was 


the first that happened to be favoured by a visit from the ethereal fire. 
Dalibard himself was from home, but in his absence had intrusted the 
care of his apparatus to a person of the name of Coisier, on whose courage 
and attention he could depend: this person, having had all necessary 


instructions, was directed to call some of his neighbours, particularly the 
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curate of the parish, whenever there should be any appearance of a a 
thunder-storm; at length the event arrived, and on Wednesday, the 10th _ 
of May, 1752, between two and three in the afternoon, Coisier heard a — 
loud clap of thunder; he immediately ran to the sentry-box, and, in the 
presence of the curate and several neighbours, drew sparks from the 
conductor. A few days afterwards a successful repetition of the experi- 
ment was made by M. Delor at Paris. . 
These important and interesting experiments were of course repeated 
in almost every civilized country with variable success: in France a 
grand result was obtained by M. de Romas. (Mém. des Scavans Etran- 
gers, t. ii.) He had constructed a kite seven feet high, and three wide, 
which was raised to the height of 550 feet by a string with a fine wire 
interwoven through its whole length, to render it a better conductor. 
On the 26th of August, 1756, streams of light were darted from the 
string of this kite, of an inch in diameter, and ten feet long. ; 
Considering the facility, and, at the same time, the danger of these 
experiments, it is curious that they have only in one instance been 
attended by a fatal result, namely, in the case of Professor Richman of — 
Petersburgh. He had constructed an apparatus for experiments on 
atmospheric electricity, which was entirely insulated, and with no con- 
trivance for discharging it when too strongly electrified. On the 6th of 
August, 1753, he was examining the electricity of this apparatus in 
company with a friend, and whilst attending to an experiment, his head 
accidentally approached the insulated rod, and a flash immediately passed 
from it, through his body, and deprived him of life. A red spot was pro- 
duced upon his forehead, his shoe was burst open, and a part of his waist- 
coat singed; his companion was for some time rendered senseless; the 
door of the room was split and torn off its hinges. 
The discovery of the identity of lightning and electricity has not been 
without its practical results, among which we may especially enumerate 
the application of Conductors to buildings and ships, by which their safety 
during a thunder-storm is almost ensured. Franklin’s original proposition 
for the purpose is that generally adopted; it consists in erecting a conti- 
nuous metallic rod by the side of any building which it is intended to pro- 
tect; the rod is pointed at each end, and extended above the highest part of 
the building at one extremity, the other penetrating deep into the earth, or 
in contact with water. In establishing this safeguard no other precautions. 
are necessary than to have the top of the rod well and permanently pointed; 
and it is better of copper than iron, because the former does not so easily 
acquire a coating of rust, which, being a non-conductor, might possibly 
diminish its efficacy: it is sometimes well to subdivide the extremity into 
three or four points: and it should be secured to the side of the house in 
its descent, and penetrate so deep in the ground as always to be in free 
contact with a moist stratum of soil; if it ends in a deep well, so much 
the better. The diameter of the rod should be such as amply to secure 
it against being melted by a sudden and copious flash of electricity, for _ 
which purpose half an inch is fully sufficient; and if the roof is leaded, — 
a broad strip of lead should connect it with the conductor, When — 
a building is very extensive, it is as well to have a conductor at each © 
end; and where a church-spire is to be protected, all clamps and bars — 
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of metal, of any magnitude, used in its con~ 
struction, should have a metallic connexion, 
‘by a strip of lead or otherwise, with the 
nearest part of the conducting-rod*. A small 
building containing very dangerous materials, 
such, for instance, as a powder-magazine, is 
perhaps most prudently defended from igni- 
tion by lightning, by placing the conductor 
within a few yards of the building, and ele- 
yated several feet above it; for this purpose 
it may be attached to a mast or signal-post 
in the vicinity. 

Conductors for ships have usually been made moveable, with the 
intention of occasionally attaching them to the mast during dangerous 
storms; the consequence has been, that they have generally remained 
packed up below, and not in their place in the time of danger: they are 
also commonly made of chain, which is improper. Mr. Harris recom- 
mends fixed conductors, and has experimentally demonstrated their safety 
and value. 

Persons not otherwise nervous or timid, often experience particular 
sensations of alarm and discomfort upon the approach of a thunder- storm, 
arising from some constitutional peculiarity, which perhaps renders them 
especially sensible of the influence of electricity upon the system. These 
and others are often led to inquire after the best means of safety upon 
such an occasion; the directions to be given are few and simple. If out 
of doors, trees should be avoided; and if, from the rapidity with which the 
explosion follows the flash, it should be evident that the electric clouds 
are near at hand, a recumbent posture upon the ground is the most 
secure. It is seldom dangerous to take shelter.under sheds, carts, or low 
buildings, or under the arch of a bridge. The distance of twenty or 
thirty feet from tall trees, or houses, is rather an eligible situation, for 
should:a discharge take place, such prominent bodies are most likely to 
receive it, and the less elevated objects in their neighbourhood may there- 
_ fore escape uninjured. It is also right, during a thunder-storm, to avoid 
rivers, ponds, and streams of water, for they are good conductors, and 
the height of a human being when connected with them is likely to 
determine the course of the discharge. Within doors we are tolerably 
secure in the middle of a large carpeted room, or when standing upon a 
doubled hearth-rug. We should avoid the chimney, for the iron of and. 
about the grate, the soot that lines it, and the heated and rarefied air 
that it contains, may conduct the lightning; upon the same principle, gilt 
mouldings, bell-wires, and extensive metallic surfaces of any description, 
are also in danger of being struck. In bed we are comparatively safe, 
for feathers and blankets are bad conductors, and we are consequently, 
to a certain extent, insulated in such situation. The cellar has been 
sometimes recommended as a particularly safe place of resort, and so it 


* Tt not unfrequently happens that | and supersede the necessity of any spe- 
the iron or leaden water-pipes attached | cific arrangement, | 
to houses act as excellent conductors, 
’ : 22 
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often is; but sometimes the basement story of a house is that which prin-— 
- cipally suffers: of this the cause is not very evident™. aah a: 

We are often told that there is no danger if a certain interval of time Es 
can be counted between the flash and the report of the thunder; this is 
true enough; indeed, if we can count at all, we are safe. Where persons | 
have been killed by lightning, it has generally come upon them so sud- 
denly as to leave no time for precaution; though it must also be admitted 
that some have suffered from foolishly ridiculing the idea of danger, and — 
wantonly exposing themselves to the storm, walking out to admire its 
grandeur, or insisting upon opening the windows to look out and observe 
it, or standing under a tree for shelter. A severe thunder-storm is 
always an awful and dangerous phenomenon; and while, on,the one hand, 
it is the extreme of folly to neglect common precaution, or to ridicule 
those that are alarmed, it is, on the other, equally weak to give way to 
unfounded apprehension. Bibb 

It is scarcely necessary here to describe a variety of amusing apparatus 
which has been constructed with a view to show the effects of lightning - 
upon buildings, the means by which it harmlessly traverses good and 
continuous conductors, and the mischief which it produces when they are 
insufficient or interrupted. Models of houses, obelisks, powder-maga- 
zines, and ships, properly fitted up for these demonstrations, are sold by 
the philosophical instrument-makers. _ 

The appearance of the heavens during a thunder-storm, the manner 
in which the clouds assemble, and attract and repel each other, the cir- 
cumstance of their rising against the wind, and traversing the upper 4 
regions of the atmosphere in a variety of contrary directions, are pheno- 
mena which it is not difficult to explain by reference to those general 
laws of electricity which have been already sufficiently explained. - Upon 
the same principles we account for the fringed appearance of a thunder- 
cloud, and for the ragged excrescences which it projects towards the 
earth, whilst its upper surface is generally smooth and well-defined. We 
sometimes observe that a number of such clouds of small dimensions 
coalesce into a larger one, moving swiftly in all directions, and darting 


* When a tree is struck by lightning, it often’ 
happens that it is completely barked. This 
arises from the electricity taking that direction 
which best conducts it, and which is between 
the bark and the wood, where there is most sap - 
and moisture. The bark, on such occasions, is 
often curiously spread round the tree in the form 
of a circle. When lightning strikes the ground 
it occasionally indurates and fuses the substances - 
through which it passes. What are termed 
sand-tubes appear to be formed by the passage 
of lightning through a sandy soil which it fuses 
in its passage. They are coated with aggluti- 
nated sand, and are about the twentieth of an 
inch thick, very hard, and furrowed upon the 
exterior. The annexed cut represents one of — 
these tubes, as described by Mr. Irton (Geol. | 
ca tee Trans., 1812). In one part of its passage (ata) | 
A the electric fluid met with a bed of pebbles which — 
oe were fused into a mass. a 
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flashes from one to the other, whilst the wind rises and often blows in 
squalls; the lightning is more frequent as the clouds aggregate, and a 
great expanse of the heavens often appears in an almost continucus blaze 
of light. The thunder, at first rumbling in the distance, now approaches 
with various roaring and rattling sounds, and the rain often falls in 
torrents. | | 
If we watch a severe thunder-storm from the beginning to the end, we 
~ observe a singular variety in the appearance of the flashes: the scene is 
sometimes rendered awfully magnificent by their brilliancy, frequency, 
and extent, darting sometimes in broad and well-defined lines from cloud 
to cloud, and sometimes shooting towards the earth: they are often zig- 
zag and irregular, and sometimes are said to appear as a large and rapidly- 
moving ball of fire, an appearance usually designated by the uninformed, 
a thunder-bolt, and erroneously supposed to be attended by the fall of a 
‘solid body. The report of the thunder is modified, according to a variety 
of circumstances, depending partly upon the situation of the observer, the 
nature of the country, and the extent of air which it traverses. Sometimes 
it sounds like the firing of many muskets at a short distance off; some- 
times like the clattering of loose boards upon each other, or the sudden 
emptying of a large cart-load of paving-stones: in these cases it usually 
quickly follows the lightning, and is near at hand: when more distant, it 
rumbles and reverberates, at first with aloud report, gradually dying away 
and returning at intervals, or roaring like the distant discharge of heavy 
artillery. In accounting for these phenomena it must be recollected, that 
the passage of electricity is infinitely rapid; a discharge through a circuit 
of many miles has been experimentally proved to be instantaneous; the 
motion of light is similarly rapid, and hence the flash appears momentary, 
however great the distance through which it passes. _ But with sound the 
case is very different; it is infinitely slower in its progress, moving only 
at the rate of about twelve miles in a minute (p. 189). Now supposing 
the lightning to pass through a space of some miles, the explosion will be 
first heard from the point of the air agitated nearest to the spectator; it 
will gradually come from the more distant parts of the course of the elec- 
tricity; and last of all will be heard from the remote extremity; and the 
different degrees of the 
agitation of the air, and 
likewise the difference 
of the distance, will ac- . 
‘count for the different 
intensities of the sound, 
and its apparent rever- 
berations and changes. 
‘If the observer be equi- 
distant, or nearly so, 
from every part of the aay SS 
flash, he will hear a ear eec tie 
‘single crash: this will happen if we suppose a, (fig. 140), to represent the 
observer, and 6 the direction of the flash; which is here passing in an 
uniform line, as it is sometimes observed to do from a small and highly- 
_ charged cloud. 
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The common progress of lightning is, however, much less reguilaty 
(fig. 141,) and may be represented by the zig-zag lines b c, the spectators — 
standing ata, a, in which 
case the sound will first 
come to them from the 
nearest point, and will 
then seem to recede and 
again to approach, rum- 
bling irregularly as the 
sound arrives from the 
different portions of tra- 
versed air, some nearer 
% and some further from 

Ge them, until it is at length 
se i lostin the distance. This 
irregularity in the passage s of the electric discharge is sometimes so consi- 
derable, that the thunder is actually lost to the ear at one moment, and 
heard again at another, and this three or four times successively in the 
same clap. . 

There was at one time a controversy among electricians respecting the © 
relative advantages of points and balls in the construction of conductors; 
but, consistently with Dr. Franklin’s original recommendation, points are 
now universally adopted. Dr. Franklin suggested an experiment in 
proof of his opinion, which consisted in attaching to the prime conductor — 
of the electrifying-machine one or more large flocks of cotton, so as to 
resemble electrified clouds. When a point is made to approach these, 
they collapse and recede, and quickly lose their electricity: when, on the 
other hand, they are approached by a ball, they are attracted towards it, 
and the charge is more slowly dissipated. 

Of the cause of atmospheric electricity we are nearly ignorant: it is 
true that many changes which are continually going on upon the earth’s 
surface, and in the surrounding atmosphere, are of such a nature as are 
known to disturb the electric equilibrium; evaporation; change of state 
or form in the varieties of matter; changes of temperature; chemical 
action; all these are sources of electrical excitation; but still they can 
hardly be adduced as offering a satisfactory explanation of the enormous 
electrical accumulation which a thunder-storm eyinces. ‘That sudden, 
violent, and extensive chemical and mechanical changes in the forms and 
states of matter, are causes by which electricity is often copiously mani- 
fested, is shown by the flashes of lightning that accompany volcanic 
eruptions, and by the highly electric state of the surrounding atmosphere 
that attends them. 

Another natural phenomenon, which may be referred to electrig 
excitation, is the waterspout; it appears to result from the electric 
attraction of a mass of vapour or cloud acting upon the water beneath: it 
first causes the appearance of a hillock in the ocean; the water is then 
drawn up in a column towards the cloud, and the cloud and rain are 
attracted towards the water. 

_ It occasionally happens that volcanos enllagaly break forth in the 
sea, and sometimes in very deep water; and they are attended by thunder, 
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lightning, and waterspouts. Of such an eruption a curious account is ~ 


given by Captain Tillard in the Philosophical Transactions, and of its 
general appearance and effects some notion may be formed from the 
following wood-cut. In June, 1811, Captain Tillard, on approaching the 
ssland of St. Michael, observed several columns of smoke rising in the 
horizon, which proved to issue from a marine volcano about a mile off 
the north-west end of the island, whither he proceeded more nearly to 
inspect the phenomena. “Imagine,” he says, ‘‘an immense body of 
smoke rising from the sea, the surface of which was marked by the silver 
rippling of the waves, occasioned by the slight and steady breezes inci- 
dental to those climates in summer. In a quiescent state it had the 
appearance of a circular cloud, revolving on the water like a horizontal 
wheel, in various and irregular involutions, expanding itself gradually on 
the lee side, when suddenly a column of the blackest cinders, ashes, and 
stones, would shoot up in the form of a spire, rapidly succeeded by others, 
each acquiring greater 
velocity, and breaking 
into various branches, 
resembling a group of 
pines; these again form~ 
ing themselves into fes- 
toons of white feathery 
smoke. During these 
bursts, the most vivid 
flashes of lightning con- 
_tinually issued from the 
densest parts of the vol- 
cano, and the columns 
rolled off in large masses 
of fleecy clouds, gradu- 
ally expanding them- 
selves before the wind in oo 
a direction nearly horizontal, and drawing up a quantity of waterspouts, 
which formed a striking addition to the scene. In less than an hour a 
peak was visible, and in three hours from the time of our arrival, the 
volcano then being four hours old, a crater was formed, twenty feet high, 
and from four to five hundred feet diameter.” 

The account then goes on to state, that the eruptions were attended 
by a noise like the firing of cannon and of musketry intermixed, as also 
with shocks of earthquakes sufficient to throw down a large part of the 
cliff on which the observers stood; it is, however, principally to the 
lightning and to the waterspouts that I would here direct the reader's 
attention. Captain Tillard afterwards visited the volcanic island: it was 
eighty yards high; its crater upon the level of the sea was full of boiling: 
water; it was about a mile in circumference, and composed of porous 
cinders and masses of stone. 

The Aurora Borealis is another natural phenomenon, probably con- 
nected with or dependent upon electricity; its appearances, indeed, may 
be, to a certain extent, imitated by artificial electricity, which, when it 
passes through rarefied air, exhibits a diffused luminous stream, having 
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much resemblazice to the characteristic appearances of the northern lights. _ 
‘There is,” says Mr. Singer, “the same variety of colour and intensity; _ 
the same undulating motions, and occasional coruscations; the streams 
exhibit the same diversity of character, divided at one moment into minute 
ramifications, and at another beaming forth in one body of light, or pass- 
ing in distinct broad flashes; and when the rarefaction is considerable, 
various parts of the stream assume that peculiar glowing colour which 
occasionally appears in the atmosphere, and is regarded by the uninformed 
observer with astonishment and fear.” 
The affections of the magnetic needle and of the electrometer during 
the appearance of the Aurora, as well as other phenomena connected 
with it, have been noticed by several eminent philosophers. Halley and 
Dalton directed the attention of meteorologists to this subject; and, more 
lately, Captain Franklin has added material information upon it (Journey 
io the Shores of the Polar Sea, Appendix); it has also been accurately 
described by Captain Parry, who had ample opportunities of observing 
it in great perfection and splendour, during his perilous voyages in search 
of a north-west passage from the Atlantic to the Pacific. In this country — 
the Aurora Borealis is rarely seen in perfection. On the 13th of October, 
1792, it appeared in great brilliancy; and an account of it, from which 
the following extract is taken, has been given by Mr. Dalton in his 
Meteorological Essays. The reader may also consult the description 
given by Mr, Kendall of the Aurora which appeared here in October, 
1829 (Quarterly Journal of Science). ia 
“ Attention was first excited,” says Mr. Dalton, “by a remarkably 
red appearance of the clouds to the south, which afforded sufficient light 
to read by at eight o'clock in the evening, though there was no moon nor 
light in the north. From half-past nine to ten there was a large, 
luminous, horizontal arch to the southward, and several faint concentric 
arches northward. It was particularly noticed, that all the arches 
seemed exactly bisected by the plane of the magnetic meridian. At 
half-past ten o'clock, streamers appeared very low in the south-east, 
running to and fro from west to east; they increased in number, and — 
began to approach the zenith, apparently with an accelerated velocity; 
when, all on a sudden, the whole hemisphere was covered with them, 
and exhibited such an appearance as surpasses all description. The 
intensity of the light, the prodigious number and volatility of the beams, _ 
the grand intermixture of all the prismatic colours in their utmost splen- 
dour, variegating the glowing canopy with the most luxuriant and _ 
enchanting scenery, afforded an awful, but, at the same time, the most 
pleasing and sublime spectacle in nature. Every one gazed with astonish- 
ment, but the uncommon grandeur of the scene only lasted about one 
minute; the variety of colours disappeared, and the beams lost their 
lateral motion, and were converted into the flashing radiations. Notwith- 
Standing the suddenness of the effulgence at the breaking out of the 
Aurora, there was a remarkable regularity in the manner; apparently a 
ball of fire ran along from cast to west with a velocity so great as to be 
barely distinguishable from one continued train, which kindled up the 
several rows of beams, one after another; these rows were situate before 
each other with the exactest order, so that the Lases of each row formed 


a circle crossing the magnetic meridian at right angles: and the several 
circles rose one above another, so that those near the zenith appeared 
more distant from each other than those near the horizon, a certain indi- 
cation that the real distances of the rows were nearly the same.” This 


Aurora continued for several hours; there were many meteors, or falling 


stars, seen at the same time, but they appeared to be below, and uncon- 
nected with the Aurora. . 

During Captain Parry’s voyage, he had numerous opportunities of 
witnessing the Aurora in uncommon magnificence. . The following is 
an abstract of his description of its appearance on the 14th of December, 
1821. © (Second Voyage for the Discovery of a North-West Passage, 
p- 142). ‘*The Aurora began to show itself as soon as it was dark. In- 
numerable streams of white and yellowish light occupied the heavens to 


the southward of the zenith, being much brighter in the south-east, from — 


whence it often seemed to emanate. Some of these streams were in 
right lines, others crooked, and waving in all sorts of irregular figures, 
moying with inconceivable rapidity in various directions. Among them 
might frequently be observed shorter bundles of rays, which, moving even 
with greater velocity than the rest, have acquired the name of ‘ merry 
dancers. In a short time the Aurora extended itself over the zenith 
about half way down to the northern horizon, but no further, as if there 
was something in that quarter of the heavens which it did not dare to 
approach. About this time, however, some long streamers shot up from 
the horizon in the north-west, which soon disappeared. While the light 
extended over part of the northern heavens, there were a number of rays 
assuming a circular or radiated form near the zenith, and appearing to 
have a common centre near that point, from which they all diverged. 
The light of which these were composed appeared to have inconceivably 
rapid motion in itself, though the form it assumed, and the station it 
occupied in the heavens, underwent little or no change for perhaps a 
minute or more. This effect is a common one with the Aurora, and puts 
one in mind, as far as its motion alone is concerned, of a person holding 
a long ribbon by one end, and giving it an undulatory motion through 
its whole length, though its general position remains the same. When 
the streams or bands were crooked, the convclutions took place indiffer- 
ently in all directions. The Aurora did not continue long to the north 
of the zenith, but remained as high as that point for more than an hour; 
after which, on the moon rising, it became more and more faint, and at 
half-past eleven was no longer visible. 

“The colour of the light was most frequently yellowish-white, some- 
times greenish, and once or twice a lilac-tinge was remarked, when 
several strata appeared as it were to overlay each other by very rapidly 
meeting, in which case the light was always increased in intensity. The 
electrometer was tried several times, and two compasses exposed upon 
the ice during the continuance of this Aurora, but neither was perceptibly 
affected by it. We listened attentively for any noise which might 
accompany it, but could hear none, but it was too cold to keep the ears 
uncovered very long at one time. ‘The intensity of the light was some- 
thing greater than that of the moon in her quarters. Of its dimming the 
stars there cannot be a doubt. We remarked it to be in this respect like 
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drawing a gauze veil over the heavens in that part, the veil being most 
thick when two of the luminous sheets met and overlapped. The phe- 
nomenon had all the appearance of being full as near as many of the 
clouds commonly seen, but there were none of the latter to compare them 
with at the time.” 

My object in the above extracts has been to give an account of those 
appearances of the Aurora which seem to connect them with electricity, — 
and though Captain Parry neither observed the electrometer nor the 
magnetic needle to be influenced, Captain Franklin (Journey to the Shores — 
of the Polar Sea, App.) remarked them both to be affected. Nairne, 
Cavallo, and others, have described a peculiar hissing noise as one of the — 
accompaniments of the Aurora; and Dr. Halley, in his description of a 
remarkable Aurora, (Phil. Trans., vol. xxx.,) ascribes its production to | 
the same influence as that which produces magnetism; and Beccaria _ 
conceived the phenomena of magnetism to be dependent upon a circulation 
of the electric fluid from north to south, originating from several sources 
in the northern hemisphere. 

All meteors were at one time considered ag derived from electricity ; 
but the showers of stones by which many of them are accompanied show 
that they must often be ascribed to other sources. What are termed 
falling stars are supposed by some to be of electric origin. These vary 
a little in size and colour, moving in various directions, but chiefly 
appearing to shoot towards the earth. They are most common in those 
states of the atmosphere favourable to electric accumulation, especially 
on clear frosty nights, or when the sky is cloudless and the wind easterly ; 
in the clear intervals of a showery evening, and on summer nights, when 
well-defined clouds are floating in a serene atmosphere. ‘They are also 
common during the prevalence of the Northern Lights, appearing then 
to be lower than the Aurora; and from their comparative brilliancy, pro- 
bably moving through a more dense medium. 

The appearance of a shooting star may be imitated by discharging a 
Leyden jar through an imperfectly-exhausted glass tube, or air-pump 
receiver. The tube should be capped with brass at both ends, and about 
three feet long and an inch in diameter; if too perfectly exhausted the 
spark passes in a divided and pale stream of light, but on admitting a 
little more air it traverses in the form of a bright flash or spark. | 

It appears from the best-conducted experiments ‘on atmospheric elec- - 
tricity, that in the usual state of the atmosphere it is generally positive, 
but that it frequently changes to negative upon the first appearance of 
raiix, snow, or hail. The approach of clouds often influences the electricity 
of the conductor, so as to produce alternations of the two electricities. 
There appears, as might be expected, to be a greater accumulation of ~ 
electricity in the atmosphere during the presence of regular thunder- 
clouds, than at any other period; a driving fog accompanied by small 
rain, a fall of snow, and a smart shower on a hot day, are also attended 
by powerful signs of electric excitation. Hot weather succeeding wet, or 
wet weather following a series of dry days, are also favourable circum- 
stances for the generation of atmospheric electricity. The atmosphere 
is least electrical during the prevalence of north-easterly winds, and in 
that state which produces a disagreeable sensation of dryness and of cold 


rey aa METEORIC PHENOMENA. 


£3 
f 
+ 
‘ 
ar 


GALVANISM. . 283 


without a corresponding depression of the thermometer. It has also been 
remarked, that the usual positive electricity is weakest during the night ; 
that it increases with the sun-rise; decreases toward the middle of the 
day, and again increases as the sun declines; it then again diminishes 
and remains feeble during the night; it would, therefore, seem probable 


that the electricity of the atmosphere is influenced by the same causes . 


that modify the distribution of moisture. 


§ 1].—Gatvanism AND Vottatc Exxcrricity. 


We have now acquired such preliminary information upon the sub- 
ject of electrical excitation, and of the phenomena exhibited by electrified 
bodies in general, as may enable us to proceed to other cases of the evo- 
lution of this singular agent. In the mean time, we may observe, that 
scarcely any change in the general state of matter is unattended by a 
disturbance of the electrical equilibrium. Thus, the disruption of solid 
bodies, changes of temperature, changes of form, are all sources of elec- 
tricity; breaking up a mass of sugar, tearing asunder the plates of mica, 
cleaving a piece of dry wood, heating certain minerals, evaporating liquids, 
and condensing vapours, may be cited as instances; but, of all such 
changes, those resulting from chemical action are apparently the most 
important, and are immediately connected with those curious cases of the 
manifestation of electricity, commonly described under the terms gal- 
vanism and voltaic electricity. 

In the year 1790, Galvani, of Bologna, discovered that the trans- 
mission of a small quantity of electricity through the nerves of a recently 
killed animal, produced spasmodic convulsions of the muscles: and if the 
sciatic nerve of a frog be laid bare, and touched with a piece of zine, 
whilst, at the same time, the muscle is touched with gold, similar effects 
to those of electricity were produced whenever 
the metals were brought into contact, or connected 
together by conductors of electricity: if non-con- 
ductors were used to connect the metals, no spasm 
ensued. Cold-blooded animals retain this kind 
of excitability longer after death than others, and 
they are affected by states of electricity so feeble 
as not to be indicated by the most delicate electro- 
meters. A feeble spark, or the most trivial charge 
of a Leyden phial, produce analogous effects. 
These facts soon attracted considerable attention, 
and were followed up with much diligence and 
curious results. 

Frogs are the most convenient and susceptible 
animals for these experiments; but when they 
cannot easily be obtained others may be substi- 
tuted, The annexed sketch (fig. 143) represents 
the legs of the frog prepared for galvanic experi- 
ments: the skin is removed, and the crural nerves 
a a are then easily found, by gently separating 
the muscles: 6 is a silver wire passed under both 
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the nerves, for the convenience of ensuring metallic contact: if the leggy 
be now folded up and placed upon a plate of zinc, convulsions are pro- 
duced whenever a metallic communication is made between the wire } and 
the zinc plate. A similar experiment may be made with a live flounder, 
which may generally be procured at the fishmonger’s. Place the flounder 
in a plate upon a slip of zine, and put a shilling upon its back; then, 
with a piece of wire connected with the zinc, make occasional contacts 
upon the shilling, and at each contact strong muscular contractions are 
produced. According to Dr. Ure (Dictionary, Art. Ganvanism), the 
degree of muscular contraction depends upon the direction of the electric 
current, and is greater when the zine touches the nerve, and the copper 
or silver the muscle, than when this order is reversed*, f 
In these experiments, if the separate pieces of metal be of the same 
kind, no effects are observed: to produce them, two different metals are 
requisite, and these must be in contact; and those metals which are 
most difficultly acted upon by acids, opposed to those which are easily 
soluble, form, in general, the most powerful combination. Thus, gold 
and platinum produce scarcely any effect; but gold, or platinum, or silver, 
opposed to iron, tin, or zinc, are very effectual. This part of the subject 
will, however, be more explicitly inquired into afterwards. “i 
There are many other experiments and illustrations relating to this 
subject, two or three of which may be here noticed. If a piece of silver 
be placed wpon the tongue, and a piece of zinc under it, no effect is 
observed whilst the metals are kept apart; but, if their ends be brought 
into contact, we immediately perceive a saline taste, and a peculiar 
sensation, somewhat resembling a very slight electrical shock; sometimes, 
also, when the surface of the metals is extensive, a flash of light appears 
to pass before the eyes. This latter effect may be more certainly produced 
by placing one metal between the upper lip and the gums, and the other 
upon the tongue, and bringing their ends together as before. . 
To account for these, and similar effects, Galvani supposed that the 
nerves and muscles of animals were in opposite electrical states, and that 
‘the spasms were produced in consequence of their annihilation by the 
metallic conductor. But this hypothesis was controverted by Volta, who 
showed that contractions might be excited by the application of two 
different metals, but not by one only, and referred the effect to the elec- 
tromolive power of the different metals. cee 
When two dissimilar metals were brought into contact, he found 
that very feeble electrical states were developed in them. When an 
insulated plate of zinc was brought into contact with one of silver or 
copper, the former was found to be in a feebly positive state, and the latter. 


* The phenomena mentioned in the | the stimulus of electricity in. cases of 


text have given rise to various experi- 
ments in reference to the relation be- 
tween electricity and the vital fuctions; 
among these researches, those contained 
in Dr. Wilson Philip’s communications 
to the Royal Society, and in his Experi- 
mental Inquiry into the Laws of the Vital 
Functions, are the most precise. At- 
tempts have also been made, to apply 


suspended animation, from suffocation 
and drowning. Dr. Ure’s interesting — 
account of the effects of galvanism upon 
the body of a criminal, executed at — 
Glasgow, deserves the attentive perusal. 
of those who are concerned in these 
medical and physiological applications of 
electricity; but the subject is too exten- 
Sive to be entered upon here in detail. 
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negative, as if a minute portion of electricity had passed, from the least to 
the most oxidable metal. ‘To this transfer, or disturbance of electricity, 
Volta referred the convulsive motion of the frog’s limbs, considering the 
nervous irritability of the animal as highly susceptible of such influence, 
and as operating as an extremely sensible electroscope; and the produc- 
tion of similar convulsive twitches by common electric sparks and shocks, 
was adduced in favour of this opinion. | 

The following experiment has also been referred to, as a case of 
electrical excitation, depending upon the contact of dissimilar metals:— 
Place a large plate of metal upon the cap of the gold-leaf electrometer, 
and sift zinc filings upon it through a copper sieve, held by a glass 
handle: the leaves will diverge with positive electricity, and the sieve 
will acquire a negative state. Repeat the experiment, substituting a zinc 

sieve and copper filings, for the copper sieve and zinc filings, and the 
divergence of the electrometer will be negative, the sieve being positive. 
But when we recollect by what slight causes electricity is sometimes 
made evident, it becomes a question whether mere contact is the only 
-source of its development in these and the preceding cases; whether | 
friction, change of temperature, or even, ultimately, chemical action, may 
- not interfere. 
In reference, however, to these cases of supposed electrical excitation 
by the contact of different metals, it is found that the most oxidizable 
metal is always positive, in relation to the least oxidizable metal, which 
is negative, and the more opposite the metals in these respects, the greater 
the electrical excitation; and if the metals be placed in the following 
order, each will become positive by the contact of that which precedes it, 
_ and negative, by the contact of that which follows it; and the greatest 
_ effect will result from the contact of the most distant metals. Platinum 
- — Gold — Silver—Mercury—Copper— Iron—Tin—Lead — Zine — Po- 
-tassium. Here we have strong presumptive evidence in favour of a che- 
~ mical cause as the source of electricity, for it is not produced by the most 
dissimilar conductors either of heat or of electricity, but by those which 
- are most opposed in the facility with which they are acted upon by the 
- generality of chemical agents; and it will be moreover found that, upon 
this chemical action, the direction of the current entirely depends. 

Linked as it were with these electrical changes, are certain chemical 

actions, of which the following are simple instances :— 

1. Place a wire of sdlver and one of zinc in dilute sulphuric’ acid, 

_ taking care that they do not touch each other; the zinc only will be acted 
_ upon by the acid, and the silver remains perfectly inert. Now, bring the 
upper ends of the wires into contact, and the silver will immediately. 
_ become active: a stream of gas will issue from both wires. 

2. Vill a wine-glass with a weak solution of sulphate of copper (blue 
vitriol), and place in it a small plate of clean iron, and one of silver: the 
iron will soon acquire a cupreous coating, but the silver remains bright 
until brought to contact of the iron, when it immediately becomes 
plated with copper. 

3. When the copper sheathing is affixed to the bottom of ships with 

_ tvou nails, their heads soon corrode and give way, but when the nails are 
also of copper, no such destructive effect is observed: tron railings are 
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apt to be decayed and dissolved when cemented into stone-work by lead; 
the effect is chiefly observed at the point of junction of the two maetile ye 
an iron pump put into a leaden cistern, or the junction of iron and leaden — 
pipes, causes the corrosion of both the metals, but first and chiefly of the — 
iron: when copper is immersed in sea-water it is soon corroded, and gives _ 
it a green tint; butifa piece of cron or zinc bein contact of the copper 
and the water, no such destruction ensues, the copper being protected by - 
the iron. 

Before we consider these and other electro-chemical effects in detail 
I shall describe an instrument which will serve to connect them with the | 
phenomena of attraction and repulsion, already adverted to, and to explain 
the direction of the electric current in these cases of excitation: it is 
called from its inventor, De Luc’s electric column. It consists of a 
number of alternations of two metals, with interposed paper; for this 
purpose thin paper covered with silver leaf may be used, punched out into 
circular discs of about half an inch diameter, and alternating with similar 
dises of thin zine foil, so arranged that the same order of succcession— 
namely, zinc, silver, paper, zinc, silver, paper, &c., may be kept up through- 
out. About five hundred such alternations will be required to produce an 
active column, and they are most conveniently placed in a suitable glass 
tube, perfectly clean and dry within, and surmounted at each end with a — 
brass cap, perforated by a screw, by which the plates may be pressed — 
together, and which also serve as the poles of the arrangement; the screw 
at one end being in contact with the zine plate, and that at the other with 
silvered paper*. 

If we hold this column by one of its brass caps, and with the other, 
touch the cap of the gold-leaf electrometer, a divergence will be com- 
municated to the leaves, which will be found to be positive from one 
end, and negative from the other of the arrangement; that end of the 
column to which the zinc surfaces incline, is usually called the positive — 
extremity, or pole, and that to which the silver plates incline, the negative 
extremity. 

If we place the column with each ~ 
of its extremities in connexion with ~ 
the. electrometers, as represented in 
the annexed cut (fig. 144), one of the — 
instruments will be positively, and - 
the other negatively diverged; and 
on making a direct communication — 
ll} between the two electrometers by a — 

‘. metallic wire, the divergence ceases, 
but again ensues soon after such 
communication is broken. 

It will be found convenient in — 
experiments with this column to> 
employ two, each containing 500 discs; these may be united end to end, 


* Analogous arrangements were made | who used discs of paper, gilt or silvered 
by Hachette and Desormes with pairs | on one side, and covered on the other 
of metallic plates, separated by layers of | with a mixture of black ae of n man- 
paste mixed with salt; and by Zamboni, Cannio and honey. 
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so as to form one continuous arrangement. If we examine into the state 


_ of the electricity thus excited, we shall find it resembling that of a con~ 


ductor under induction: that is, there is a positive and a negative pole, 
and a central point, which exhibits no electricity; upon making a com- 


- munication between either end of the column and the ground, the elec- 


der mounted upon a brass or wooden base, 6; the 


tricity of the opposite end becomes proportionally exalted. 

In the experiments we are now about to describe it will be found 
convenient to employ an electrometer,in which each 
gold leaf is separately insulated, and so arranged as 
to admit of their being brought nearer to, or carried. 
further from each other. Such an instrument is 
represented in fig. 145, where a is a glass cylin- 


il 


cover, c, is a thin piece of dry and varnished wood, 
with a slit in it, in which the glass tubes, d d, slide 
backwards and forwards, and through which, brass 
wires pass, with a slip of gold leaf attached to each 
of their lower extremities. 

If we now, having duly adjusted the distance between the gold leaves, 
bring the zinc ends of the columns in contact with each of the wires to 
which they are attached, the leaves repel each other; the silver ends 
produce a similar effect: but, if one of the gold leaves be connected with 
the zinc end, and the other with the silver end of the column, they 


attract each other; and having thus, by contact, annihilated their oppo- 


‘site electrical states, they separate for a moment, and then again attract 
and separate as before, a kind of perpetual motion being kept up between 
the leaves in consequence of the successive electrical charges communi- 
eated to them by the column. Upon this principle a variety of instruments 
have been constructed, under the name of perpetual motions: thus, a 


small clapper may be kept constantly vibrating between two bells; ora ~ 


light pendulum between two conducting surfaces; and these motions 
continue as long as the column retains its electric activity, which is often 
for months or years. | 

If one end of De Luc’s column be connected with the interior, and 
the other with the exterior of a Leyden jar, the jar will receive a charge; 
its knob will affect a gold-leaf electrometer, and on discharging it by a wire, 
a very small spark will be observed. ‘To obtain this spark, or any lumi- 


nous appearance, without the intervention of the jar, requires a very 


extensive series of the metallic alternations. 

It will be observed, in regard to this instrument, that its electrical 
excitement is chiefly that of intensity, and that after its discharge a sen- 
sible time intervenes before its power is renewed: its electricity is 
apparently independent of chemical action, and has therefore been con- 
sidered referable only to the contact of the metals. -In favour of this 
opinion it has been urged that whenever any chemical action is apparent 
in it, its electrical effects cease, as when the zinc or silver become tar- 
nished, or the intervening papers more than ordinarily damp; but it is 
also rendered inactive by drying the papers so as to deprive them of their 
hygrometric moisture, and it is said that in the course of years the zinc 
becomes evidently corroded. It was always presumed ‘that no chemico- 
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SIMPLE GALVANIC CIRCLES. 


electrical effects could be obtained from these piles, but Mr. Gassiot has 


succeeded in decomposing iodide of potassium by a column of 10,000: 
series upon Zamboni’s construction. (Phil. Trans., 1839, p. 191.) 


, a 


2 


What is commonly called “a simple galvanic circle” is formed by par- 


tially immersing two different metals in a dilute acid, and making a com- 


munication between them, either by direct contact, or by some perfect 


» 


Pi ihe ee conductor; one of the metals should be easily, and the — 
other difficultly, or not at all, acted upon by the liquid, 

146 and the more opposite the metals are in these respects, 
/\ the more powerful are the electrical effects observed. 


Cfais\ In fig. 146, z represents a plate of zinc, and s is one of — 
Kt silver, partly immersed in very dilute sulphuric acid, and. 


in contact at their upper ends; by such arrangement a 
current of electricity appears to be put in motion, passing 


from the zine to the acid, from the acid to the silver, — 


and from the silver again to the zinc, as shown by the 


direction of the darts. Or the arrangement may be modified, by immersing _ 


the plates separately in the acid, and connecting them by wires, as in fig. 
147: the circuit will thus be extended, but the electrical current will be 


found moving in the same direction, 


from the zinc towards the silver, and 
through the wires from the silver to the 


arrows. In thus completing the circuit 
by wires, the electric current may con- 
veniently be transferred through fluid 
and other bodies, and the circuit may be 
broken and restored at pleasure, by 
alternately separating and renewing the 


direction of the electric current in this 
arrangement, the wire B, connected with 
the silver plate, is conveying electricity 
to the wire c, united to the zinc plate. 
Hence B is considered as positive, and 
Cas negative. | 


zinc, in the direction represented by the 


contact of the wires at a. It will be 
_ observed, that in consequence of the 


This arrangement may be modified by interposing a few folds of 


blotting paper, or a piece of flannel dipped in the acid, between the plates, 
. instead of immersing them into the acid itself; or, as in the 
S annexed sectional diagram (fig. 148), the silver or copper 
148 plate may itself form the vessel for containing the acid, s 
representing the wire connected with the cup, and z that 


ss in metallic contact with the cup. | : 
Another useful modification of this form of apparatus is the follow- 


with the zinc plate, care being taken that the plate is nowhere 


ing:—C is a cup, composed of two cylinders of sheet-copper, placed — z 


one within the other, and closed at bottom, to contain dilute acid: 
Z is a zine cylinder with a few pieces of cork attached to it, so as to 
prevent its touching the sides of the cup a, when introduced into its 
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place between them: 6 6 are small copper 
soldered to conducting-wires, 
containing a little mercury, for the purpose 
of conveniently making and breaking thie 


cups, 


circuit*. 


To understand the peculiar phenomena 
presented by these and similar arrange- 


and 


ments, it will be necessary to refer to the 

important distinctions between electricity of tension, accumulated upon 
surfaces, and manifesting itself by attractions and repulsions, and by dis- 
charges passing through air; and electricity in motion; the intensity of the 
electricity produced by these simple circles is either null, or so trifling as 
to require extremely delicate instruments, or electroscopes, to render it 
sensible; but its quantity is great; and, accordingly, if we make it traverse 
avery fine metallic wire, placed between the wires a, fig. 147, or z and s, fig. 
148, or between the cups 0 4, fig. 149, the wire will become hot, and often 
ignited; a spark will pass between two fine charcoal points when brought 


* It may be well here to‘allude to the 


phenomena by which the presence and 


direction of the electric current are 
proved. In examining the electricity of 
the common electrical machine, it has 
been stated that where the positive and 
negative conductors are made to com- 
municate by a wire, a current of electri- 
city traverses that wire, and is presumed 
so to circulate from the positive to the 


: negative side. In the arrangements (figs. 


_ 


146 and 147) the electricity generated 
by the action of the dilute acid upon 
the zinc plate, passes across the liquid 
to the silver plate, and circulates in the 
direction of the arrows. In the follow- 
ing diagram the current of the machine 
is compared with that of the simple 
galvanic circle. a represents the excited 
cylinder, n the rubber, P the prime con- 
ductor, w a metallic wire through which 
the electric current passes in the direc- 
tion of the darts; za zinc plate, s a 
silver plate, immersed in dilute acid, 
and giving rise t )a current, the direction 
of which corresponds with the former. 
Wecan now, in either of these arrange- 


ments, get evidence of the current, by 


one or all of the following indications. 
1. By heat, as when the metallic circuit, 


_ being interrupted, the spark fires ether ; 
or when a very fine platinum wire is 
interposed between the ends of the 


thicker wire a of fig. 147. 2. By light, 
as seen in the spark, and the heating of 
the small wire red hot. 3. By the mag- 
netic properties conferred upon the wires 
during the passage of the electric cur- 


: rent, as shown by the galvanometer, 


which will be more fully described after- 
wards. 4. By the chemical effects of 
the current when made to traverse cer- 
tain electrolytes. The further explana- 
tion of all these phenomena will be 
given as we proceed. In this diagram 


a] 
[Ant Le isin Ant — 


c represents the direction of the thermo- 
electric current, p that of the marked 
or north pole of a magnet round the 
electric current; and £ that of the elec- 
tric wire round the magnetic pole ; of 
these also, further explanation will be 
given in the sequel. 
U 
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into contact ; the galvanometer will be powerfully deflected; and certain — 
compound substances, made part of the circuit, will be decomposed: here, 
then, we have, as evidences of the current of electricity above alluded to 
‘the production of heat and light, and of magnetic and chemical effects, — 

There are two circumstances which materially interfere with the 
quantity of electricity put into motion by these arrangements. The one 
is the size of the plates, and the other the nature and strength of the 
interposed acid or liquid; or, in other words, the nature and energy of 
the chemical action.. By increasing the superficial extent of the plates, 
the extent of chemical action is increased, and the quantity of electricity 
proportionately augmented; and in the case of zine and dilute sulphurie 
acid, the more rapidly the zine is oxidized, and the oxide removed, so as 
to expose successive new surfaces to the agency of the intervening fluid, 
the greater is the quantity of electricity which traverses the circuit. In- 
deed, the heating effects of a single pair of plates of great extent of surface 
is such, that instruments so. constructed have been termed calorimotors. 
In an arrangement for this purpose, made under the direction of Mr. 
Pepys, at the London Institution, (Phil. Trans., 1823,) a sheet of zinc 
and one of copper were coiled round each other, each being 60 feet long 
and 2 wide; they were kept asunder by the intervention of hair-ropes, — 
and suspended over a tub of acid, so that by a pulley they could be 
immersed and removed. 

In all these cases, however, the intensity of the electricity remains the 
same, or nearly the same, and, to increase it, we resort to increase of the 
number of the alternations of metals and acid; this constitutes “a 
compound galvanic circle,” and leads to the arrangement originally 
devised by Volta, and hence termed the Vourarc pile or apparatus. 
Volta’s original pile consisted of a number of plates of two different metals, 
alternating with moistened flannel or pasteboard, and arranged in regular 
order of succession. Zinc and copper are the metalsin general use: zine 
and silver, or zinc and platinum, would furnish a more active series, but 
the use of the latter metals, in extensive combinations at least, is prohi- 
bited by their expense. 

To construct the voltaic pile, take from thirty to fifty plates of copper, 
and as many of zinc, from two to four inches square, and place them in 
regular order, with an intervening piece of wet flannel of the same 
size, well soaked in a solution of common salt in water, taking care. 
that the regular succession of copper, zinc, flannel-copper, zinc, flannél, — 
is kept up through the series. Having made this arrangement, connect 
a wire by perfect metallic contact with the lowest, or copper, and a similar 
wire with the uppermost, or zinc plate, having previously slipped a small 
piece of glass tube upon the wires, to serve as an insulating handle; then, 
on bringing the upper wire in contact with the condensing electrometer, it 
will diverge the leaves positively, and the lower wire negatively, and the 
same general phenomena will be observed asin De Luc’scolumn. If the 
fingers be thoroughly moistened, by rubbing them with salt and water, so 
as in some measure to overcome the non-conducting power of the cuticle, — 
a slight shock will be perceived on touching the extreme wires with each 
hand: a spark is rarely observed, even in a dark room. But if we now — 
substitute a solution of salt soured by sulphuric acid, for moistening the 
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intermediate flannel, we shall not observe any material change in the 
mere electrical power of the pile as indicated by the affections of the 

electrometer: the shock will be a little more powerful; and a spark will 
be perceived, on bringing the poles together, more especially brilliant 
when taken between two points of well-burned charcoal attached to the 
wires from the top and bottom of the pile. Also, if we now bring the 
wires from the extremes of the pile (which for this purpose should termi- 
nate in strips of platinum) near each other, in a glass of acidulated water, 
gas will be extricated at each conductor. 

In the construction of the vol- 
taic pile, as just described, much 
inconvenience results from the me- 
thod of arrangement, when the 
plates are very numerous; and the 
weight of the upper part of the pile 
presses the moisture out of the lower part, and renders it comparatively 
inactive. To obviate this, each pair of plates is sometimes soldered toge- 
ther, and cemented in regular order, into a well-seasoned mahogany trough, 
as in fig. 151; and the intervening cells, which are about a fourth of an 
inch wide, are filled with water, or other proper liquid, by which the ar- 
rangement is rendered active. The apparatus thus constructed is easily 
filled and emptied, and may be kept clean by rinsing it out with water, 
after use. A wire, in contact with the last zinc plate, and with the last 
copper plate, enables us, as before, to complete the circuit. | 

Another form of this apparatus, called by Volta the “ Couronne 
des tasses,’ consists in arranging a row of small glasses or cups, (figs. 152, 
153,) containing a very | 
dilute sulphuric acid (or 
other proper liquid), in 
each of which isplaceda 
plate or wire of platinum, 
silver, or copper, and 
one of zinc, not. touch- 
ing each other, but so 
connected, that the zinc 
of the first glass may be 
in metallic contact or 
communication with the 

silver or copper of the 
second, and the zinc of 
the second glass with the 

_ silver or copper of the , 
third, and soon through- 
out the series, as shown 
in the annexed cuts. 

By arrangements of : 

this kind, we can see what happens in each cell of the apparatus; and it 

will be observed, that when the extreme wires or poles are in contact, 

‘and a current of electricity therefore passing through the arrangement in 

the direction of the arrows, each wire or metallic surface immersed in 
U2 
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; - 
the liquid is active; whereas, when the connexion between the poles is 
' broken, the silver and the copper cease to evolve gas. In other respects, 
the general properties of the apparatus thus arranged, resemble those of 
the other forms above described. 3 : | 
Another good form of the voltaic apparatus is constructed upon similar 
principles: it consists of a trough of earthenware, with partitions of the 
same material (fig. 154). The plates, of copper and zinc, are soldered 
together at one point only, and each united pair of plates is so arranged 
as to enclose a partition between them; consequently, there is in each 
cell, a copper plate connected with the zinc of an adjoining cell, and so 
on, in regular succession; and the connecting piece of the last copper plate 
is elongated, so as to enable it to dip into the first cell of the next trough, 
when several such troughs are placed in rows endways to each other; it 
is there opposed to the ensuing zinc plate of another set, and so on. 
The plates are attached to a slip 
of baked wood, so that the whole 
may at once be lifted into or 
out of_the cells. This construc- 
tion, originally suggested by Dr. 
Babington, has many advantages; _ 
it admits the fluid to remain in 
the trough, while the action of the 
plates may be suspended at plea- 
sure, by lifting them from the 
cells; when the plates are cor- 
roded or injured, they are also 
easily replaced. Where many of 
these troughs are employed, so as to constitute a powerful battery, it is 
necessary to be extremely attentive to the regular order of succession. 
throughout the series ; if any plates are misplaced, or any single set reversed, a 
great diminution of effect is the consequence. Much care must also be taken’ 
155 respecting the communica- 
tions between the troughs, 
to prevent the accidental 
displacement of any of the 
junction-plates. It is well 
to be provided with a few 
spare pairsof plates attached 
to each other by a suffi- 
ciently long copperstrap, for 
the purpose of uniting the 
troughs, wheretheir arrange-_ 
ment requires that they 
should be placed at angles 
to each other. ; 
A considerable improve- 
ment in the construction of ~ 
5 this apparatus was suggested 
in the year 1815 by Dr. Wollaston. It consists in extending the — 
copper plate, so as to oppose it to both surfaces of the zine, as shown 
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in the annexed sketch (fig. 155), where a represents the bar of wood 
to which the plates are screwed; BB the zinc plates connected as usual 
with the copper plates cc, which are doubled over the zinc plates, 
and opposed to them upon all sides, contact of the surfaces being prevented 
by pieces of wood or cork placed between them, which keep the plates 
about one-fourth of an inch asunder. 

There are many important points of inquiry respecting the pheno- 
mena of the voltaic pile, or battery, which cannot be conveniently inves- 
tigated by any of the preceding arrangements; some of these will be 
already apparent, and others are connected with effects to which we shall 
presently advert: to facilitate the experimental examination of such and 
other questions, Professor Daniell constructed what he termed a dissected 
batiery; it is a circular arrangement of ten cells, each provided with a 
platinum and zinc plate (the latter being amalgamated) and which admit 
of being combined together in different ways. Over each platinum plate 
is an inverted and graduated glass tube, filled with the same dilute acid 
as the cell, in which the hydrogen gas disengaged may be collected and 
measured. 

_ The following description and figures of this battery are from Mr. 
Danteit’s Introduction to the Study of Chemical Philosophy, § 726, &c. 

“Fig. 156 represents a single 
cell of this dissected battery. 
VWx2ZZy, is aglass cell resting by 
‘its wide rim in a circular hole in 
the stand cp. 77 is a zinc plate, 
connected by awire passing through 
the stopper a bcd, with the mer- 
_cury cup 0, on either side of which 

is a platinum plate, both of which 
terminate by wires in the mercury 
cup, p. Hither of these may be 
used singly by removing the other. 
The different connexions of the 
plates with the associated cells 
may easily be made by wires pass- 
ing between the mercury cups. 

“The whole arrangement of the 
ten cells with the graduated glass 
jars is exhibited in the next figure. They are are placed upon a stand, 
abcdef, and the connexions between them are easily made and varied 
by the mercury.cups, i pkg,” &c. 

_ Mr. Daniell observes, that “ however accurately it may be aridesvalued 
to assimilate the cells to each other, it will be found that when connected 
as single circuits, either singly or together, the action of each will differ; 


but upon connecting them so as to form a single circular series, the’ 


inequalities will disappear, and the amount of gas from each in equal 
times will be equal. When the cells are combined together in pairs, two 
adjoining platinum plates being connected, and two corresponding zinc 
plates, and the five pairs are afterwards arranged in series by wires, 
leading from each pair of zinc to the next pair of platinum, the irregu- 
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larity of the action will again disappear. The arrangement is equivalent 
to a series of five plates of double the standard size, and the amount of — 


force which circulates is determined by the least efficient pair. 


“ Leaving one pair of cells thus connected, if the others be disunited 
and recombined with it in single series, the effect will be that of a plate _ 
of double size, interposed in a compound circuit with eight single. The 
gas collected in each of the jars of the double cell will be exactly half of 
that in the several jars of the single cells; proving that the double plate 
is reduced in efficiency to the exact standard of the single plates by its 
combination with them. _ 

“ In these arrangements every cell is a generating cell, and adds some- __ 
thing to the quantity or intensity of the circulating force; and we see a 
that unequal quantities cannot be generated and circulate in different — 
parts of the same circuit. The effects of various retarding or opposing — 
cells may be strikingly exemplified by the same apparatus. or this pur- — 
pose the cells may be connected together in single series, substituting in 
one a platinum plate for the zinc; and the obstacle will be found to react _ 
upon the whole series; the action will be found to be reduced by more 
than one-third, and the quantities of gas collected from each generating 
cell will be exactly equal to that collected from the retarding cell. Upon — 
repeating the experiment with a similar change in the next cell, the 
quantity of hydrogen in all the jars will be equal, but reduced to little 
more than one-tenth, and the current will be apparently stopped by three _ 
retarding cells to seven generating cells.” Rogar 
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Mr. Daniell also observes, that “when one of the zinc plates is 
removed from the regular series, and replaced by a platinum plate which 
has been previously coated with copper by the influence of hydrogen 
eyolved in a circuit, the phenomena are striking and instructive. No gas 
will at first be evolved from the coppered plate, but it will oxidate, and 
the progress of the oxidation may be traced by the gradual blackening of 
its surface. The oxide, again, will be gradually dissolved, and the bright 
white surface of the platinum will make its appearance, and oxygen gas 
will begin to rise from it. At that moment the current will receive a 
check, which will be appreciable in all the air-jars. 

“ This mode of measuring the amount of current affinity by its chemical 
effects, has been applied in the construction of instruments, to which the 


~ name of Volta-meter has been given. They consist, in fact, of an inde- 


pendent closed cell, with two platinum plates, from which the gas may be 
conveniently collected and measured with great accuracy. They may be 
readily included in any circuit, and, although they check the current in 
all its: parts, they accurately measure the amount which passes through 
them. ; 

‘© When a Volta-meter is substituted for one of the ten cells, and the 
nine have a portion of nitric acid added to their charge, the quantity of 
hydrogen evolved from their conducting plates is greatly diminished, and 
becomes irregular; but the quantity of hydrogen indicated by the instru- 
ment is nearly treble that of the cells with their original charge. 

“ By observations made in this manner, it will be soon found that the 
action of such a compound circuit is not constant; and that it will gradu- 
ally decline by a quantity which will be quite. appreciable at intervals of 
five minutes. By breaking the connexion for a short period, its energy 
will be partially recovered, but will again decline as the action is renewed. 
Upon allowing the charge nearly to exhaust itself, it will be seen that the 
platinum plates have become incrusted with metallic zinc, originating, 
doubtless, from the oxide of zinc formed at the generating plates, and 
reduced by adhering hydrogen at the conducting plates. Its varying 
quantity and accumulation are amply sufficient to account for the 
variation and ultimate annihilation of the circulating force; for 
zinc thus becomes opposed to zinc, and the circuit is destroyed. The 
momentary breaking of the connexion allows the acid to dissolve off the 
zine, which being in contact with the platinum is most favourably dis- 
posed for this local action, and upon restoring it, the circulation returns 
to its first amount, but again speedily declines from the same cause.” 

All the forms of voltaic apparatus above described, as well as 
others which have been devised, are open to the serious objection ‘of in- 
constancy of action; many causes, some of which are obvious from the 
description just given of the “‘ dissected battery,” co-operate to render their 
power uncertain, and in all it decreases in consequence of the decreasing 
chemical energy of the interposed liquid upon the generating plate; so that 
many researches, in which not only the continuous but the equal action of 
an electrical current during several hours was required, could not be 
undertaken. ‘This obstacle to the progress of electro-chemical science 
has been obviated by the invention of the “constant battery,” contrived 
also by Professor Daniell (Phil. Trans. 1836, p. 117). He describes it 
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as follows. (Introd. § 737). “A cell of this battery consists of a cylinder _ 
of copper 33 inches in diameter, which experience has proved to afford _ 
the most advantageous distance between the generating and conducting 
surfaces, but which may vary in height according to the power which it 

is wished to obtain, A membranous tube, formed of the gullet of an ox, 

is hung in the centre by a collar and circular copper plate resting upon a 
rim placed near the top of the cylinder; and in this is suspended, by a 
wooden cross bar, a cylindrical rod of amalgamated zinc half an inch in 
diameter. The cell is charged with a mixture of 8 parts of water and 1 of 
oil of vitriol which has been saturated with sulphate of copper; and por- 
tions of the solid salt are placed upon the upper copper plate, which is 
perforated like a colander for the purpose of keeping the solution always 
in a state of saturation. The internal tube is filled with the same acid 
mixture without the copper. A tube of porous earthenware may be sub- 
stituted for the membrane with great convenience, but probably with some 
little loss of power. A number of such cells admit of being connected 
together very readily into a compound circuit, and will maintain a per- 
158 fectly equal and steady current for many hours 
together, with a power far beyond that which 
can be produced by any other arrangement of a 
)° similar quantity of the metals. 

“One of the cells of the constant ‘battery 

is represented in the annexed cut (fig. 158). 
a6 cd isa copper cylinder, in which is placed a 
smaller cylinder of porous earthenware. Upon 
the upper part of the copper cylinder rests a perfo- 
ea rated colander, 2 k, through which the earthenware 

: cylinder passes. /m isa cast rod of amalgamated 
a 
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zinc, resting upon the top of the interior cylinder 
by a cross piece of wood, and forming the axis of 
the arrangement. The cell is charged by pouring — 
into the earthenware cylinder water acidulated with one-eighth part of 
its bulk of oil of vitriol, the space between the earthenware tube and the 
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copper being filled with the same acidulated water saturated with sulphate 
of copper; and solid sulphate of copper being placed in the colander.” 
A number of such cells may be connected into a compound circuit, 


by wires attached to the copper cylinders, and fastened to the zinc by 


clamps and screws, as shown in fig. 159. 

In the common battery, charged as it usually is with a mixture of 
sulphuric and nitric acid diluted with water, much local action takes 
place upon the zine plates without contributing to the circulating forces, 
and whilst it is in action the oxide of zinc is reduced by the copper plate. 
In Mr. Daniell’s battery these effects are avoided; the local action is 
prevented by the amalgamation of the zinc rod, and, upon the copper, 
nothing but copper can be precipitated*. 

The quantity and intensity of the electricity of the voltaic battery 
depends, as above stated, upon various causes; quantity being increased 
by extent of surface, and by chemical action, and intensity, by number 
of allernations; the best charge for all ordinary purposes consists of a 
mixture of about 80 or 100 measures of water, two of sulphuric acid, and 
one of nitric acid. Mr. Faraday’s observations on this subject will be found 
in Series X. of his Researches. 

The electro-polar state of the voltaic battery, that is, the state of its 
extremities when unconnected, resembles that of De Luc’s column, and 
although the intensity of its electricity is in general feeble, it may be 
rendered evident by a delicate gold-leaf electrometer, or by the condenser, 
or by the form of electrometer represented in fig. 145, in which one of the 
leaves being connected with one extremity, and the other with the oppo- 
site extremity of the battery, will become mutually attractive. These 
effects of tension, as belonging to the voltaic pile, are best observed when 
the alternations are very numerous, the troughs well insulated, the plates 
perfectly clean, and charged, not with acid, but with water. This I had 


a good opportunity of witnessing in a large battery of 2000 double plates, 
‘constructed, under the direction of Mr Pepys, for the London Institution. 


‘When quite’ new and clean, it was insulated upon wine-bottles, and 
charged with river-water; it gave a shock resembling that of a Leyden 
phial, and required some time to recharge itself; the sparks were feeble, 
but it was permanently active upon the electrometer, and a pith-ball 
attached by a thread to its positive pole was attracted, at some distance, 
by another attached to its negative pole; it also communicated a charge 


toa Leyden battery, when the wires from its extremities were respectively 


_ connected with the inner and outer surfaces of the jars. But with all this 


* Among the numerous modifications of 
the voltaic battery lately suggested, there 
are several which deserve the attention 
of the practical chemist, especially those 
of Mr. Smee (Phil. Mag., April, 1840), 
and Mr. Grove (Phil. Mag., October, 
1839). In Mr. Smee’s arrangement, 
silver, or plated copper covered by a 
film of galvanically precipitated plati- 
num, is used-as the negative element, 
the general construction and intervening 


i 
= 


liquid being the same as in Wollaston’s 
battery. In Mr. Grove’s battery the ge- 
nerating metalis zinc acted on by dilute 
sulphuric acid; the other element is pla- 
tinum in nitricacid. Theseare arranged 
as in Daniell’s constant battery, the 
inner cells being of porous earthenware. 
Plumbago, and some of the dense forms 
of coke, have also been successfully em- 
ployed as the negative element of the 
battery. | 


DIRECTION OF THE CURRENT. 


manifestation of intensity, the energies depending upon quantity were 


very feeble. | 

_ It will be observed, that in respect to De Luc’s column as well 
as to the voltaic battery, where single pairs of plates are frequently 
repeated, the terms positive and negative, as applied to the zine and 
copper or silver ends, are apparently the reverse of those applied to the 
simple circle. The actual direction of the electric current is the same in 
both cases, but in the simple circle the conducting wire communicates 
directly with the plate in contact with the fluid part of the apparatus, 
while in the compound circle it is connected, not with the plate necessa- 
rily immersed, but with that associated with it, and therefore of a 
different kind. The compound circle, reduced to its condition of greatest 
simplicity, would be represented by the following series, consisting of five 
Pateenamely: copper—zinc—fluid—copper—zine. 

In this arrangement the copper end is negative, and the zine end positive. 
By merely removing the two terminal plates, which. in fact are no way 


| 


4 


concerned in the effect, we bring it to the state of the simple circle, 


Beane :0t zinc—fluid—copper, 
in which we find the zinc end negative and the copper positive ; this will 
be evident by inspecting figs. 152 and 153. | 

The termination of the conductors or wires, connected with the 
opposite ends of the voltaic battery, are commonly termed its positive and 
negative poles, a term which becomes objectionable when we ascribe to 
them certain attractive and repulsive powers, and other effects which are 
the result, not of forces residing in the poles, but of the passage or current 
of electricity; the poles, as they are usually termed, are merely the surfaces 
by which the electricity comes in and goes out; they act simply as a path 


¥, 


or door to the electric current: in place of the term pole, therefore, Mr, > 


Faraday uses electrode (from nXexTpov and 060s a way), meaning thereby 
that substance or surface, whether of air, water, or metal, which bounds 
the extent of the decomposing matter, or electrolyte, in the direction of the 
electric current. The place at which the electricity enters the electrolyte, 
he terms the anode, that at which it leaves it, cathode, in reference, 
160 if we suppose the current of elec- 


trity to follow the passage of the - 


fr 
be: cakes IN sun, (that is, to pass from east to) 
v-. Al a ee m  west,) in its rising and setting. — 


: 


pe CN If, for instance, we suppose a 


nude x Current of electricity traversing a — 


wire in the direction of the darts 
in the annexed diagram, and entering at z, then, on separating the wire 
at p, p’ p’ would become its poles or electrodes ; and p’ would be the positive, 


or emitting electrode, or the anelectrode; and p” the negative or receiving - 


electrode, or the cathelectrode. # being the wire which (in common 
language) is connected with the zinc end, and w’ that connected with the 
copper end of the battery. Such, therefore, is the meaning which must 


be attached to the term poles. And, supposing the chain of circles ¢ A _ 


to represent the electrolyte, a would be its anode, and c its cathode. 


“ 
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PHENOMENA OF THE BATTERY. 


Mr. Daniell uses the terms gincode and plalinode instead of positive pole 
and negative pole,or anelectrode and cathelectrode. é 

When a powerful voltaic battery 1s in good action,the following effects 
are perceived. On making the communication between its extremities 
by charcoal points, a vivid light and intense heat are produced; and, on 
slowly withdrawing the 
points from each other, 
a constant current of 
electricity passes be- 
tween them, producing 
an are of light of such 
intensity as scarcely to 
be borne by the unprotected eye, and of the form repre- 
sented by figure 161. When the charcoal points are 
gradually withdrawn from each other in a vessel exhausted 
of the greater portion of its air, asin the apparatus repre- 
sented by figure 162, the effect is even more brilliant. 

The extreme intensity of the eat, in this arc of flame, 
is rendered evident by exposing in it very difficultly fusible 
substances, which readily melt: even substances infusible 
by all ordinary methods are thus liquified. 

When old, silver, zine, or copper leaf are interposed 
between the poles, they are ignited and burned; and fine 
wires are heated red or white-hot, according to their lengths 
and diameters: with aniron wire the combustion is extremely 
brilliant. All these effects upon good conductors, depend- 
ing chiefly upon quantity of electricity, are most effectively 
produced by large plates. The most formidable battery of this kind 
hitherto constructed is described by Mr. Children. (Phil. Trans., 1815.) 
The plates were two feet eight inches wide, and six feet high, the 
copper being opposed to both surfaces of the zinc: these were properly 
fastened to a beam of wood, suspended by counterpoises from the ceiling 
~ of the laboratory, so as to be readily and safely immersed into, or removed 
from, the cells of acid, which were twenty-one in number, and their united 
capacities amounted to 945 gallons. A leaden pipe, three-fourths of an 
inch diameter, was attached to the extreme plate at either end, and 
immersed into separate basins of mercury, by means of which perfect 
metallic contact was ensured. The charge consisted of a mixture of nitric 
and sulphuric acids, with thirty, or occasionally only twenty, parts of 
water. — . 

When the poles of this arrangement were united, as shown in figure 
163, by a platinum wire eleven- , 
hundredths of an inch diameter, 
it became red-hot for a length 
of five feet six inches. In the 
same way, it ignited eight feet 
six inches of the same wire of 
forty-four hundredths of an 
inch; and a bar of platinum, 
one-sixth of an inch square, 


- IGNITION BY THE BATTERY, 


and two and a quarter long, was not only heated to bright redness, but _ 
fused at the end. A number of intractable and very difficultly fusible 
substances, submitted to the high temperature occasioned by the discharge 
of this battery through charcoal points, exhibited indications of the most 
intense heat; but perhaps the most interesting results were obtained by 
transmitting the electricity through different metallic wires. For this © 
purpose either single wires, or two wires of dissimilar metals, were used, 
of equal diameter and length: one end of each was in contact with one of 
the basins of mercury communicating with the poles of the battery, and 
the other end bent to an angle, and the wires connected continuously by 
hooking them together. The length of each wire was eight inches, and 
the diameter one-thirtieth of an inch. 

Platinum and gold being thus connected, and introduced into the 
electrical circuit, the platinum was instantly made red-hot, whilst the 
gold remained unaffected. With a similar arrangement of gold and 
silver wires, the gold was ignited, the silver not. With gold and copper, 
both metals were equally heated to redness. With gold and iron, the 
iron was ignited, the gold not affected. Alternations of platinum and 
silver three times repeated, all the platinum wires were ignited, but none 
of the silver. 

These experiments, which may be made with a less powerful battery, 
are extremely beautiful and instructive, especially the last: for this 
purpose select some fine silver and platinum wire, and cut it into lengths 
of about two inches; then form a continuous wire by joining these lengths 
endways, in alternate 
order, and suspend it 
in a festoon between 
two thick copper wires, 
forming the poles of the 
battery, as in fig. 164, 
having previously tem- 
porarily united these poles by a thick copper wire, as is shown at a in 
fig. 163; on removing the latter, the electricity traverses the compound 
wire, and occasions the ignition of the platinum portions of it only, the 
silver being unaffected. The object of uniting the poles by a thick 
copper wire, whilst the compound wire is being attached, is to prevent 
the sudden fusion of the latter at the point of contact, which often 
happens when this precaution is not taken. | e 

The cause of these appearances was referred by Mr. Children to the 
different conducting powers of the metals; that platinum conducts elec- 
tricity less perfectly than silver, and that, consequently, the electric fluid, 
meeting with greater resistance in its passage through that metal, elicits 
light and heat; while, on the other hand, passing with comparative 
facility through the silver, no such effect is there observed. It is obvious 
that this explanation rests upon the supposition, that resistance to the 
passage of electricity occasions the development of heat; and as this must 
be inversely as the conducting power, when any two of the wires, con- 
nected continuously, are placed in the circuit, that which is the worst 
conductor must be most heated; and silver, therefore, which is the best _ 
conductor, is not heated red when connected with any other metal. | 


FUSION BY THE BATTERY. 


Mr. Daniell has described (Phil. Trans., 1839, p. 92) the powerful 
effects of a constant battery of 70 cells. The flame formed a continuous 
arch of three-fourths of an inch, which striking distance was not increased 
in vacuo: it was dangerous to the eye, even when protected by 
coloured glasses, producing, when reflected from an imperfect parabolic 
mirror in a lantern, inflammation and a scorching like that of the sun: the 
rays were collected into a focus by a glass lens, and readily burned paper 
at many feet from their source. The heat was intolerable to the hand 
when held near the lantern. Paper, steeped in nitrate of silver, was 
quickly discoloured in the light. The transfer of charcoal from the 
positive to the negative electrode, produced a cavity in the former and a 
protuberance upon the latter; and when a platinum rod was substituted 
for the charcoal forming the negative pole, the transfer from the charcoal 
at the positive pole still took place, and the metal was coated with carbon, 
beautifully moulded to its extremity. When this arrangement was 
reversed, particles of platinum were transferred, and the charcoal on the 
negative pole became covered with globules of the fused metal. No 
spark could be made to pass from one electrode to the other, (even when 
separated by the smallest stratum of air,) previously to the electrodes 
having been brought into contact; but when two brass balls formed the 
poles within a very minute distance of each other, and the spark of a 
small Leyden jar was passed between them, then the battery current 
was immediately established, and the balls burned*. Mr. Daniell supposes 
that the Leyden discharge transferred the conducting matter (particles of 
brass in this case), which was essential to the existence of the voltaic 
flame, and which was afterwards supplied by its own energy. The arch 
of flame was attracted and repelled by the poles of a magnet, and it 
rotated when the flame was drawn from the pole of the magnet itself 
included in the circuit. The intensity of heat on the side of the positive 
electrode was much greater than that of the negative. When two stout 
copper wires of one-fifth of an inch diameter were connected with the 
extremities of the battery, and held across each other, so that the flame 
passed between them, the wire at the positive end became red hot, while 
the other remained comparatively cool. A bar of platinum, one-eighth 
of an inch square, melted into globules in the former situation, but 
showed no signs of fusion at the negative electrode. When the positive 
electrode was formed of the hard carbon taken from a gas retort, and a 
cavity ground in it, the most infusible metals placed in it were melted in 
considerable quantities. Rhodium, the native alloy of iridium and 
osmium, the native ore of platinum, and titanium were thus fused. 

The quantity and the intensity of the electricity in the voltaic pile are 
respectively modified, as has been stated, by the size and number of the 
plates, and by the action of the intervening liquid. When the zinc 
plates are perfectly clean, pure water produces certain electrical effects ; 
these are considerably modified by dissolving common salt in it, or 
employing other saline liquids; but the dilute acids are best. calculated 


* In reference to the question whether | effects of a constant battery of 320 series, 
a spark can be obtained before the circuit | see two ‘papers by Mr. Gassiot. Phil. 
of the voltaic battery is complete, and | T'rans., 1839, p. 183, and Transactions 
also for a description of the brilliant | of the Electrical Society. 
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— 802 QUANTITY AND INTENSITY. 


to increase them. If, for instance, we charge three single troughs, each _ 
of ten pairs of plates, with water, brine, and very dilute nitric acid, the % 
first will show scarcely any signs of electricity; the second will givea — 
feeble spark and shock; the third will ignite the charcoal points, pro- 
ducing a continuous star of brilliant light. The first will not decompose 
‘water; the second does it feebly; the third rapidly. It is obvious, there- 
fore, that with a small number of plates highly charged (that is, with 
dilute acid), we obtain effects equivalent to those of a larger series feebly | 
charged; the experimentalist must therefore regulate the strength of the 
charge according to the number of plates, and the effects which are 
required. (See Farapay’s Researches, Series X.) 

All the effects of electrical intensity, such as affecting electrometers, 
giving shocks, charging jars, decomposing water and saline solutions, and 
so forth, are, as above remarked, increased by increasing the number of 
the plates, but (the charge being in both cases the same) the production of 
quantity of’ electricity becomes dependent upon the extent of surface of 
the plates. Thus, if a battery composed of thirty pairs of plates, two 
inches square, be compared with another battery of thirty pairs of twelve 
inches square, scarcely any difference will be perceived in their effects 
upon bad and imperfect conductors; their powers of decomposing water 
and of giving shocks will be nearly similar; but upon good conductors, 
the effects of the large plates will be very distinct from those of the small 
ones; the spark, and arc of light between charcoal points, will be much 
more intense and extensive; and when the charge is transmitted through 
a fine platinum wire, much of it will be heated red hot; an effect which 
the small plates are quite inadequate to produce. 

The following experiments are adduced by Sir H. Davy, as illus- 
trating these relative effects of quantity and intensity in the voltaic 
apparatus:— 

Immerse the platinum wires, connected with the extremities of a 
charged battery composed of twelve-inch plates, into water, and it will be 
found that the evolution of gas is nearly the same as that occasioned by 
a similar number of two-inch plates. Apply the moistened fingers to the 
wires, and the shock will be the same as if there were no connexion by 
the water. While the circuit exists through the human body and through 
the water, let a wire, attached to a thin slip of charcoal, be made to 
connect the poles of the battery, and the charcoal will become vividly — 
ignited. The water and the animal substance discharge the electricity, — 
of a surface probably not superior to their own surface of contact with 
the metals; the wires and charcoal discharge all the residuary electricity 
of the plates; and if a similar experiment be made upon plates of an inch 
square, there will scarcely be any sensation when the hands are made to 
connect the ends of the battery, a circuit being previously made through 
water; and no spark when charcoal is made the medium of connexion, 
imperfect conductors having been previously applied. 

In all the preceding arrangements two metals and a fluid are concerned 
in the evolution of the electric current, and in the case of zinc, acid, and 
copper, the zinc is termed the generating plate, being that which is 
oxidized, and the copper the conveying or conducting plate; but, by using 
certain liquids which act chemically upon the copper and not upon the 


zinc, the direction of the current may be inverted, and the copper may 


ELECTROLYSIS, 


become the generator, and the zine the conductor. 


It is, however, by no means essential that two metals should be 
employed to obtain an electric current; for if only one metal be used, 
different parts of which are unequally acted on by an acid, or other fluid, 
electricity will be evolved according to the same law; the portion of the 
metal most acted on becoming the generator or positive element: thus a 
current is established when a plate of new and clean zinc and one of 
oxidized or corroded zinc are used, or when one of the plates is of cast 
and the other of rolled zinc. Upon the same principle when a strip of 
copper, clean at one end and corroded at the other, is immersed in dilute 
nitric acid, an electric current is produced; in all these cases the surface, 
which is most open to chemical action, corresponds to the zinc, and that 
least so to the silver or copper of the simple circle above described. 

An electric current is also manifested when a single plate of metal of 
uniform surface is acted upon by two fluids exerting distinct chemical actions 
upon it. If, for instance, a vessel be half filled with a strong solution 
of sulphate of copper, and then carefully filled up with dilute sulphuric 
acid, so that the latter may lie upon but not mix with it, a plate of iron 
immersed will be so acted on as to produce an electric current, the upper 
part becoming the equivalent of the zinc, and the lower that of the copper 
in the simple circle. A plate of copper immersed in the same way will 
produce a similar effect, and metallic copper in a crystalline form 
will be deposited upon its lower end. These, and similar phenomena 
in reference to the source of power in the voltaic pile, have been labo- 
riously investigated by Faraday, in the sixteenth and seventeenth series 
of his “ Experimental Researches in Electricity.”—Phil. Trans., 1840. 


§ 12.—ELEcTROLYSIS. 


The chemical powers, as they are usually termed, of the voltaic pile 
were first observed in regard to the decomposition of water and certain ' 
saline solutions, by Messrs. Nicholson and Carlisle, in the year 1800, 
(Phil. Mag., vii., and Nicu. Jour., 4to., iv., 183); these were then more 
accurately investigated in 1803 by Hisinger and Berzelius (GrHLEy’s 
Jour., i., 115), and, in 1807, Sir H. Davy communicated his celebrated 
lecture “On some chemical agencies of Electricity’ to the Royal Society, in 
which the electro-chemical powers of the pile were more minutely examined, 
and which formed the groundwork of the brilliant discoveries to which he 
was soon afterwards led. There were, however, many important pheno- 
mena, more especially those connected with the development of electricity 
by chemical action, and with the theory of electro-chemical decompo- 
sition, which Sir H. Davy, and others, whose researches have enlightened 
this difficult department of experimental science, either left unexplored, 
or insufficiently and unsatisfactorily explained: these have lately engaged 
the attention of Professor Faraday; and his “ Experimental Researches 
in Electricity,” published in a succession of papers, communicated to the 
Royal Society (Phil. Trans., 1832 to 1840), contain the results of his 
labours, in reference to this branch of knowledge. They have not only, 
as our preceding pages have shown, explained and enlightened much 


that was before unintelligible and obscure in regard to statical electricity, 
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ELECTROLYSIS. 


age 


but have also stamped a new character upon electrical as connected with — 
chemical science; in point of originality in devising experiments, skill in — 


carrying them into effect, and perspicuity in tracing out and unravelling 
the complicated relations and bearings of the new truths which are elicited, 
he stands, if not unrivalled, at least unsurpassed. 

When the electrodes of the voltaic battery are brought near to each 
other in certain liquids, such, for instance, as water and saline solutions; 
or, in other words, when these liquids are made part of the electric cir- 
cuit, so that the current of electricity passes through them, they are 
decomposed ; that is, they yield up their elements in obedience to certain 
laws; water, for instance, is resolved into oxygen and hydrogen; and the 
acid and alkaline matter of the neutral salts, which it holds in solution, 
are separated. In these cases, the elements appear at the poles, or elec- 
trodes; not indiscriminately, or indifferently; but the oxygen and acids 
are developed at the anode, or surface at which the electricity enters the 
electrolyte; and the hydrogen, and the alkaline bases, at the cathode, or 
surface at which the electric current leaves the body under decomposition. 

As the elements of substances thus electrically decomposed are 


uniformly separated at one or other electrode, it has been assumed that 


the natural or inherent electricity of such elements is the antagonist of 
that supposed to belong to the surface at which they appear; in confor- 
mity to the law already laid down, “that bodies dissimilarly electrified 
attract each other;” it has further been assumed, that the elements of 
compounds are held together by certain electro-chemical forces, more 
feeble than those belonging to the pile, and that they are consequently 
overcome by such superior power ; that when substances (or their atoms) 
are similarly electrical they will refuse- to combine; and that substances 
which, in their ordinary states, exhibit no mutual affinities, may be made 
to enter into combination by communicating to them dissimilar electrical 
states. ; 

But in classing bodies according to their electrical relations, it is 
important to state those relations, without involving the expression of 
hypothetical views, and to this end, Mr. Faraday uses the following 
terms. All substances susceptible of direct decomposition by the electric 
current, he calls, as already stated, electrolytes; mater therefore is an 
electrolyte; and for the term electro-chemically decomposed, he substitutes 
electrolysed. Those elements of the electrolyte which are. evolved at the, 
anode, he terms anions, and those which are evolved at the cathode, 
cations, (aviov, that which goes upwards; xatiov, that which 
goes downwards, in reference to anode and cathode already defined,) 
and when these are spoken of together, they are called tons: thus, water 
when electrolysed, evolves two ions, oxygen and hydrogen, the former 
being an anion, the latter a cation. at 

I shall now proceed to a few experimental illustrations of electrolysis, 
or electro-chemical decomposition, and afterwards consider the general laws 
which have been deduced from them*. : 

* The terms positive and negative | quently employed in reference to certain 


pole are used in speaking of electro-che- | supposed attractive and repulsive powers 
mical action in two senses: they are fre- | belonging to them, and with the same 
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ELECTROLYSIS OF WATER. 


If two platinum electrodes be brought near each other in water 
slightly acidulated by sulphuric acid, a stream of gas will issue from 
each, which. in an apparatus similar to fig. 165, may be collected, and 
examined. a is a glass globe with three apertures; two of these (on the 
sides) are fitted with corks perforated by glass tubes 
of such length as to approach the centre of the 
globe, and traversed by platinum wires, which are 
flattened out into plates at the ends, and turned 
upwards, within a tenth of an inch of each other. 
The tube 6 is inverted into the neck of the globe, 
which it fits loosely, so as to admit of the oozing of 
a portion of water. This apparatus is then filled with 

the acidulated water, and the hooked ends of the 
platinum wires made to communicate with the 
conducting wires of the voltaic apparatus; gas imme- 
diately bubbles up into the tube, and the displaced water trickles out at 
the neck of the globe. It will be observed, that twice the quantity of é 
gas escapes at the negative pole, or the cathode of the water, as compared 
with that at the positive pole, or at the anode of the water: and the tube 
will be found to contain a mixture of hydrogen and oxygen gases, in the 
proportion of two volumes of the former liberated at the cathelectrode, 
or negative pole, and one of the latter at the anelectrode or positive pole. 
If a lighted candle be brought to the mouth of the 
tube, the mixed gases explode and produce water. 
By a simple modification of this arrangement, 
the evolved gases may be collected in separate © 
tubes; as, for instance, if we employ a globe with 
two orifices (fig. 166), each having a tube so adapted 
as separately to receive the gas from each pole. 
It will then be seen that two volumes of hydrogen 
gas, and one volume of oxygen gas, are respectively 
collected in the tubes inverted over the negative 
and the positive poles. Upom the approach of a 
taper, the hydrogen gas will burn quietly with a blue lambent flame; and 


meaning as in speaking of quiescent 
electricity; but, in reference to elec- 
tricity in motion, they refer to the sur- 
face or passage by which the electricity 
_ passes into, and out of the body, under 
decomposition. In the case, for instance, 
of a current of electricity traversing a 
wire or any other substance, and passing 
from east to west, if we make a break 
in it, the eastern side of the divided part 
becomes the positive pole, and the west- 
ern the negative pole, as may be learned 
from the diagram fig. 160. But this ex- 
planation only applies to the hypothesis 
of a single electric fluid, traversing the 
conductor in a given direction: if we 
assume fwo electric fiuids, we must sup- 
pose that they traverse the wire con- 


necting the poles of the battery in oppo- 
site directions, in which case, the positive 
electric fluid must be assumed to issue 
from the positive pole, and re-enter by 
the negative ; and the negative fluid to 
issue from the negative pole, and re- 
enter by the positive. Mr. Daniell calls 
the positive pole, or the anelectrode, the 
zincode; and the negative pole or cath- 
electrode, the platincode; the former 
being the electrode, which in the regular 
battery would be constructed of zinc, 
and the latter of platinum. Professor 
Graham uses the terms zincous and 
chlorous poles, the former having the 
characteristic affinities of zinc, for oxy- 
gen, chlorine, &c., the latter those of» 
chlorine, for hydrogen and the metals. 
x 


ELECTROLYSIS OF SALINE SOLUTIONS. 


‘the oxygen may be recognised by immersing into it the glowing 
wick of a small piece of green taper, which will instantly kindle into — 
flame*, 3 e 

These experiments are here merely adduced in illustration of the 
decomposing or electrolytic powers of the current; they show that, under 
whatever circumstances water is decomposed, the hydrogen is evolved at 
the cathode, (or at the negative pole,) and the oxygen at the anode, (or — 
positive pole). They are, however, further important, as establishing the 
composition of water; for, if we reduce the volumes of the gases to their 
respective weighis, we shall find that, the volume of hydrogen being = J, 
the half volume of oxygen will be = 8, and, consequently, nine parts of 
water will consist of one part by weight of hydrogen, and eight parts by 
weight of oxygen, for the specific gravity of oxygen to hydrogen is as 16 — 
to 1. Hence another verification of the atomic theory, in reference to the 
composition of water and the volumes of its elementary gases (p. 286). 

If, instead of pure water, in the experiments just described, we 
employ hard or pump water, we find, that the saline ingredients, present 
in such water, are decomposed, and that their elements are also sepa- 
rated according to certain laws. This may be more strikingly illustrated — 
by dissolving some salt, of known composition, in water, and electrising 
the solution, as in the following experiment. Provide a piece of glass 
tube, bent at an angle, and placed in a wine-glass, 
to serve for its foot or support. Fill this syphon 
with the blue infusion obtained by macerating the — 
leaves of the red cabbage in boiling water, and put — 
into it a few crystals of sulphate of soda; then 
place a strip of platinum foil in each leg of the — 
syphon, taking care that they do not come into con- — 
tact. at the elbow of the tube, and connect one of 
these with the negative, and the other with the 7 
positive, pole of the pile: ina few minutes the blue — 
colour will be changed to green in the negative side, 
and to red in the positive side of the tube, indicating 
the decomposition of the salt, the alkali or soda of which is collected in 
the negative, and the sulphuric acid in the positive, side. Reverse the — 
poles, and the colours will also gradually be reversed. In this and ‘ 
analogous experiments, it is found that, whenever a neutral salt is 
decomposed by electricity, the oxide or base is thrown off at the cathode, 
and the acid at the anode. The bases, therefore, in their electrical rela- 
tions, rank with hydrogen, and are cathions; and the acids with oxygen, 
and are anions. L 

The most insoluble and difficultly decomposable salts may be made to — 
render up their elements in the same way. If, for instance, we substitute — 
for the sulphate of soda in the preceding experiment, a little finely- 
powdered sulphate of baryta, which is insoluble in water, baryta will be 
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* In these experiments we employ | the results are then more rapidly ob- 
water, to which a small portion of sul-| tained, and by a lower power, but in 
phuric acid has been added, and by| other respects, not interfered with by 
which its transmitting power in regard | the acid. 
to the electric current is much improved; 
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evolved at the cathode, and there render the liquor green; and sulphuric 
acid at the anode, rendering it red. aes NE 

These experiments may be instructively varied as follows:—fill two 
glasses, connected together by a syphon of large bore, with the blue 
“solution of sulphate of soda, and invert in each 
glass a tube of the same solution, into the upper 
ends of which platinum wires, terminating in long 
strips of the same metal, are inserted, as shown 
in fig. 168; connect these wires with the battery 
so as to make them the electrodes, and it will 
presently be remarked that, notwithstanding 
they are in separate vessels, the blue liquor 
will, as before, be rendered green and red; and 
if the experiment be continued for a sufficient 
length of time, the alkali of the salt will have 
passed from the side Pp to N, and the acid from 
x to p. The acid and alkali appear, in this 
case, to traverse the connecting syphon in opposite directions ; hence 
the inference that, under the influence of electrical attraction, the usual 
chemical affinities are suspended. 

The decomposition of sulphate of 
baryta may be effected in the same 
way; for this purpose, provide two 
insulated discs, or very shallow cups 
of platinum (fig. 169), one of which 
is to be put into communication with 
the negative, and the other with the 
positive, end of the pile; place upon 
each of these a few grains of finely-powdered (artificial or precipi- 
tated) sulphate of baryta, moistened by a drop or two of water, and 
connect the discs (which should be within half an inch of. each other) 
by some filaments of wet cotton, a. Ina few minutes baryta will be 
_ apparent to test-papers at the negative disc, and sulphuric acid at the 

positive. 

In some of his experiments on these electrical transferences, Sur H. 
Davy employed vessels consisting of the substance to be decomposed. 
Two small cups of sulphate of lime, for instance, were filled with water, 
and united with moist cotton: they were rendered negative and positive by 
placing one pole of the pile in each cup; the negative cup soon was found 
to contain a solution of lime, and the positive cup free sulphuric acid. 

If the bent tube, fig. 167, be filled with a dilute solution of sul- 
phate of copper, acetate of lead, or nitrate of silver, the metals will be 
deposited upon the cathelectrodes, and no hydrogen will escape. In 
this way, M. Becquerel, by employing low voltaic powers, obtained. 
some beautiful results, and succeeded in imitating many crystallized 
substances found in nature but not previously produced by art. Such 
experiments have been further extended and improved, and some new 
and important chemical results obtained from them, by Dr. Golding 
Bird, (Phil. Trans., 1838): they also have been applied very inge- 
niously to taking impressions of medals and copper-plates; forming 
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ELECTROTYPES. 


what have been termed Electrotypes, an application originating, I be-— 
lieve, with Professor Jacobi and Mr. Spencer. For this purpose, the fol- 
lowing modification of the voltaic arrangement may be used. The piece — 
of metal to be copied, suppose an engraved copper-plate or a medal, or an 
indented impression of a medal in lead, tin, or fusible metal, is connected by 
a copper wire with a rod or plate of zinc, the wire being soldered at one — 
end to the zinc, and at the other to the medal or plate to be copied, and 
of any convenient length: a glass open at both ends is then provided, 
(a lamp-glass sometimes answers the purpose,) and one end is closed 
either by plaster of Paris, or by tying over ita piece of bladder: it is 
then suspended within a larger vessel, filled with a solution of sulphate 
of copper, which must be kept saturated during the process, either by 
adding fyesh sulphate of copper, or by putting some crystals of that salt 
into the saturated solution. The smaller vessel is then filled with dilute 
sulphuric acid, (1 of acid to 8 of water,) and sus- 
pended within the larger one containing the sulphate 
of copper, as shown in the annexed diagram; where 
A represents the acid-holder with its porous dia-_ 
phragm D; B the vessel of solution of sulphate of — 
copper, c the plate upon which the precipitation of — 
copper is intended to take place, and which is con- 
nected by the wire © with the zinc plate z. The 
darts show the direction of the electric current gene- 
rated by z, and transmitted through the diaphragm — 
to c, where the hydrogen of the decomposed water 
reduces the copper, and gradually precipitates it in 
a tough metallic layer. When the deposited copper upon c has acquired — 
sufficient thickness, which will generally be in twenty-four hours, it may _ 
be removed by carefully loosening its edge with a knife, and then pulling _ 
it gently off the mould. Several moulds may, if requisite be connected — 
with the zine plate. Some other applications of this process, and direc-_ 
tions for its performance, are given in a paper by Mr. E. Solly, in the a 
Philos. Mag. for March, 1840. : 
In some of Sir H. Davy’s early experiments on the decomposition of 
water in glass vessels, a considerable quantity of acid and alkaline matter 
was elicited, which was traced to the glass: to avoid this source of error, 
therefore, he electrized distilled water in two vessels of gold, properly- 
connected, thus employing a material which could not furnish impurities . 
to the water: still, however, alkali and acid made their appearance. This — 
evolution of foreign matters, by the electrization of apparently pure water, — 
had been observed by others; and their appearance was, by some, referred — 
to a power, supposed to be possessed by electricity, of generating the — 
matters evolved; it was even imagined that water might possibly be a— 
simple or elementary body, capable of forming an acid in union with 
positive electricity, and an alkali with negative electricity. In reviewing — 
these and other opinions, it occurred to Davy, that the water, although _ 
carefully distilled, and apparently pure when examined by common tests, 
- might still contain minute portions of foreign matter, rendered evident 
by the decomposing power of electricity. He accordingly carefully redis-— 
tilled the water at a low temperature in silver vessels, and on employing 
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it, thus redistilled, it was found to afford much less indication of impurity ; 
but, even after all precautions, acid and alkali were sparingly evolved. 
Of ‘this impurity, part was traced to the accidental contact of the hands 
with the apparatus used, the perspirable matter leaving traces of common 
salt; and now, aware af this source of contamination, and carefully 
avoiding it, there were scarcely any traces of acid or alkali to be observed. 
These extraneous elements, however, notwithstanding all the precautions, 
were still perceptible after the process of electrical decomposition had 
been carried on for a length of time; and the only probable source whence 
they could: be derived was the atmosphere, the elements of which, by 
uniting chemically with those of water, might give rise to the forma- 
tion of nitric acid and ammonia. This chemical action or combination, 
Davy thought, might possibly be brought about by electric agency; 
accordingly, in addition to all the previous precautions, he now conducted. 
the experiments in the exhausted receiver of a good air-pump, and found 
that, under the careful exclusion of all foreign agents, water was resolved 
into oxygen and hydrogen only; and, consequently, that there were no 
grounds for supposing that any new forms of matter were producible by 
the union of electricity with other bodies. 

Another important inference was deduced from the above, and similar 
experiments; it was obvious that electricity overcame the most powerful 
chemical attractions; might it not, therefore, when properly applied to 
different bodies, indicate the existence of substances hitherto unsuspected, 
and even lead to the knowledge of new elements? Proceeding upon such 
grounds, Sir H. Davy submitted the fixed allalis, which were considered at 
that time as elementary bodies, to the decomposing agency of the pile, and 
was fortunate enough in this, his first trial, to obtain from them new 
elements: at the positive pole oxygen was evolved, but brilliant metallic 
_ globules appeared at the negative pole, extremely inflammable, and which 
were shown to be the bases of those bodies. The names nateleate and 
sodium were given to these new and singular metals; and by analogically 
applying these phenomena of the decomposition of the alkalis to that 
of the earths, also then on the list of elements, they likewise afforded 
evidence of decomposition, and, like the alkalis, were shown to be com- 
binations of peculiar metals with oxygen. Many other discoveries have 
been the result of this new mode of research; but these, as well as the 
above, will be more fully dwelt upon afterwards. 

In all primary electro-chemical decompositions, the elements of com- 
pounds are evolved with uniform phenomena either at the anode or 
cathode of the electrolyte, and hence were usually, but incorrectly, stated 
to be attracted to one or other pole, and upon the supposition of such 
attractions, and in reference to that law of electrical action which teaches 
that bodies dissimilarly electrified attract each other, it was assumed 
that the elements evolved at the anode (or apparently attracted by the 
positive pole) were inherently negative, and those evolved at the cathode 
(or attracted by the negative pole) inherently positive; hence their divi- 
sion into electro-negative and electro-positive bodies, or, in Faraday’s 


terms, into anions and cations. In the present state of our chemical © 


knowledge, the elementary or simple bodies may be regarded as about 
fifty-five in number: of these, five are usually termed supporters of com- 


ANIONS AND CATIONS, 


bustion, nine are non-metallic combustibles, and the remaining forty-two 
are metals. ‘The five former bodies, when evolved from their combina- _ 
tions by electrolytic action, make their appearance at the anelectrode 
(zincode, or positive pole); the others are usually observed at the cathe- 
lectrode (platinode or negative pole), as are also the metals. But it — 
frequently happens that the evolution of a substance at the electrode is a 
secondary effect; sulphur, for instance, in the decomposition of sulphuric — 
acid, is evolved at the negative pole, not by direct electrolysis, but in con- 
sequence of the action of the nascent hydrogen; and whenever sulphur is 
obtained by primary electrolytic action from a compound containing it, 
it is evolved at the anode, or positive pole; hence, in classifying the ele- 
ments according to their electrical relations, this distinction must be 
observed. It is also necessary to guard against the combination of the 
substance evolved (or zon), with the electrode; hence the advantage of 
platinum electrodes, that metal being acted upon by few of them. Ae 
The following table of simple and compound ions has been drawn up _ 


—_ 


by Mr. Faraday :— 7 
Anions. ¥ 
Oxygen Cyanogen Phosphoric acid Citric acid ie 
Chlorine Sulphuric acid Carbonic acid Oxalic acid 4 
Iodine Selenic acid Boracic acid Sulphur :/? 
Bromine Nitric acid Acetic acid Selenium | 
Fluorine Chloric acid Tartaric acid Sulphocyanogen. 
Carvions. at 
Hydrogen Tin Mercury Strontia | q 
Potassium Lead Silver Lime s 
Sodium Tron Platinum Magnesia a. 
Lithium Copper Gold Alumina . 
Barium Cadmium Protoxides generally _ 
Strontium Cerium Ammonia Quinia aa 
Calcium Cobalt Potassa Cinchonia we 
Magnesium Nickel Soda Morphia — - 
Manganese Antimony Lithia Vegeto-alkalis gene- 
Zinc _ Bismuth Baryta rally. . 


Analogy leads us to presume that all simple bodies are tons; but this 
has not yet been experimentally proved in regard to carbon, phosphorus, — 
nitrogen, silicon, boron, and aluminum: several compound bodies, and 
amongst them alumina and silica, are in the same uncertainty. as 8 

The decomposition of water shows the separation of oxygen upon the 
anelectrode (or positive pole); that of the other, anions (or electro-nega~ _ 
tives), may be exhibited as follows; and for these, and many other of the — 
experiments of decomposition, the annexed form of apparatus, fig. 17], — 
will be found useful, Itisacell — 
of plate-glass, made by cementing © 
five pieces together with trans- 


a. 
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parent varnish, and supporting 
them upon a wooden foot, into 
which they are fastened. The 

sie 15 eo ee one cell is about five or six inches — 
Jong, and about an inch broad, and may be divided into two parts, by the _ 
Insertion of the temporary diaphragm a, which is a small frame of on 
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with muslin stretched over it. When this is in its place, a separate elec- 
trode may be introduced on each side of it: they may most conveniently 
consist of two pieces of thin platinum, about four inches long and half 
an inch broad. 

To show the evolution of chlorine at. the anode (or positive pole), fill 
. the glass cell with weak salt and water, acidulated by hydrochloric acid, 
and coloured blue by the addition of a few drops of a sulphuric solution 
of indigo; then introduce the electrodes, and in a few minutes the positive 
or anodic division will begin to lose colour, and at length become colour- 
less, in consequence of the evolution of chlorine derived from the acid and 
salt: here, the presence of chlorine is rendered evident by its bleaching 
power, which destroys the blue of the indigo. 

The presence of uncombined iodine is announced by its property of 
striking a deep blue colour with a solution of starch. To demonstrate its 
electro-polarity, therefore, fill the cell with a very weak solution of starch 
to which a little common salt and iodide of potassium have been added; 
then electrize as before, and the iodine will show itself at the anode (or 
positive side) by a beautiful d/we colour. 
The presence of bromine is announced in the same way by its yellow 
colour; and of fluorine by its action on glass. 

The electro-positive bodies, or cations, on the other hand, are evolved 
from their combinations with the anions, at the cathode (or negative pole) 
as is seen in the case of the decomposition of water, &c. There are many 
striking experiments showing the evolution of the metals at the cathode; 
and, indeed, whenever solutions of metallic salts are electrolysed, their 
precipitation at the negative electrode is more or less perfectly observed, 
according to their facilities of reduction, or deoxidizement™. A plate of 
silver, for instance, when immersed into a dilute solution of sulphate of 
copper, occasions no change; but if the silver be made the cathelectrode, 
(negative electrode,) a precipitation of metallic copper immediately ensues. 
In the same way solutions of lead, tin, &c., may be decomposed by metals 
which, under common circumstances, do not effect their decomposition. 

When, as in the preceding case, the metals are the cathelectrodes, 
they are at the same time rendered virtually attractive of each other, and 
of the cations or electro-positive bodies in general: thus, under such cir- 
— eumstances, alkalis, earths, and oxides will be separated upon them; but 
the same cause which thus renders them apparently attractive of these 
bodies, renders them as it were repulsive of the anions or electro-negatives, 
among which are the bodies chiefly characterized by their corrosive and 
solvent action upon them. A piece of iron, for instance, forming the 
cathelectrode (rendered electro-negative,) will remain bright and clean in 
water, which, under ordinary circumstances of immersion, would rust and. 
corrode it; but if the iron form the anelectrode (be rendered electro-: 
osilive,) it then corrodes more rapidly than in plain water; that is, it 1s 


* Tn the illustrations given in the text, | the electrolysis of secondary compounds, 
it is to the results, that I wish to direct | more especially affecting our.views of 
the reader’s attention: their cause, as I | the atomic constitution of neutral salts, 
have observed, is frequently a secondary, | which will afterwards be noticed. Da- 
and not a true or primary, electrolytic | NrELL, Phil. Trans, 1834, p. 97, and 1840, 
action. ‘There are also many important | p, 209, ‘ 
theoretical considerations arising out of! 
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then rendered as it were attractive of oxygen, acids, and the other solvent 
agents, of which, in the opposite case, it is virtually repulsive. | 

These facts led Davy to infer that certain metallic substances which, _ 
under ordinary circumstances, are not acted upon by water and acids, 
might be rendered active by communicating to them the positively electri- | 
cal state; and, on the contrary, that such metals as are easily acted upon | 
by the above-mentioned agents, might be rendered inert in regard to them, __ 
by giving them the negatively electrical state. Silver, for instance, is a 
metal not acted upon by pure water, nor by salt and water, nor by dilute 
hydrochloric acid. But, if the electrodes consist of two strips of silver, 
‘immersed in water, while the cathelectrode (or negative pole) remains 
bright, the anelectrode (or positive) becomes discoloured,'and a cloud collects 
about it in the water, which is oxide of silver; here, the silver is rendered 
attractive of the oxygen of the water, and combines with it. J 

If, for water, we substitute a weak solution of common salt, or dilute 
hydrochloric acid, the negative silver will still remain bright, but the posi-_ 
tive becomes incrusted with a white or gray powder, and is soon corroded; 
this arises from its being rendered attractive of the chlorine contained i i 
the salt and in the acid, and chloride of silver is formed. | 

If we substitute for silver any more oxidizable metal, the effects are 
still more striking, and we then have a better opportunity of observing the 
non-action at the negative surface, as opposed to the activity of the posi- | 
tive. For instance, for the silver electrodes substitute two polished plates 
of zron, and immerse them into weak sulphuric or hydrochloric acid, or 
into a solution of salt—liquids which, under ordinary circumstances, act — 
upon and corrode iron; the negative plate, or cathelectrode, will now — 
remain bright, but the positive, or anelectrode, will be rapidly oxidized and 
dissolved. 

This experiment may be varied and rendered more striking, as follows: | 
—Fill the glass cell, fig. 171, with a weak solution of common salt in 
distilled water, to which a fow drops of a solution of fetrecyan ne 4 
potassium have been added, and immerse one of the iron plates in each 
partition; the negative side will remain unchanged, but the production of 
a deep blue colour 6n the opposite side, will presently announce to the eye _ 
the action upon the iron there going on. If we substitute a little infusion — 
or tincture of galls for the ferrocyanuret, the solubility of the iron is then 
shown by a black tint. : 

The want of action of the cathelectrode (or negative conductor) shown | 
in these experiments, may be more explicitly illustrated by the following: — a 
Silver and copper are readily acted upon by dilute nitric acid; it. disem : 
solves them with effervescence; but if plunged into the acid when 
rendered electro-negative, (or forming the cathelectrode,) they resist its 
solvent or oxidizing power. It will be borne in mind that, in all. these 
cases of the apparent protection of oxidizable metals in fluids containing” 
water, hydrogen is evolved upon the protected surface, whence it either — 
passes off as a gaseous film, or is ready to produce secondary effects by | 
entering into new combinations. 

Such cases of the prevention of chemical action may be further illus- _ 
trated as follows: Dilute some nitric acid with five or six parts of water, 
so that it may act very moderately upon a piece of sheet-copper immersed 
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into it; in the course of a few minutes the acid will have acquired a 


‘slight blue colour from the dissolved copper, which may be rendered more 
striking by dropping a little of it into a solution of ammonia, when a deep 


blue will immediately announce the presence of copper; but if the cop- 
per-plate be united with one of zinc, and then plunged into the same acid, 


it will be found not to have been acted on, the zinevonly being dissolved. 


Again: immerse a polished plate of iron into a glass of water impreg- 


nated with carbonic acid, and in a few hours the water will be discoloured, 
and a portion of the iron dissolved, as may be shown by the black colour 
produced on adding infusion of galls. Now, tie a strip of zine in close 
contact with the iron, and immerse the two metals into the water: after 


the lapse of some days, none of the iron will have been taken up; indeed, 
it will remain as bright as when first put in. 
Sir H. Davy aimed at a very important practical application of these 


facts, as a means of preventing the corrosion of the copper-sheathing of 
ships.. It was generally believed that sea-water had but little action upon 


pure and well-rolled copper, and that its occasional rapid corrosion de- 
pended upon some impurity of the metal, or imperfection in its manufac- 
ture. It was found, however, on immersing pieces of the best and purest 


copper in sea-water, that it soon became covered with a green powder, 
_ and was ultimately oxidized and corroded. Davy referred this action to 
_ the mutual attraction of the positive copper and the negative oxygen or 

acid contained in the water, and, therefore, endeavoured to prevent it by 


communicating a negative energy to the copper, by attaching to it a more 
oxidable metal, such as zine, iron, or tin. 

_ In experiments upon the small scale, it was found that a piece of 
unprotected copper, immersed in sea-water, was soon covered by a 
green powder, part of which was dissolved, and part precipitated; but 


on attaching to it a piece of zinc, and keeping the metal, thus pro- 


tected, under sea-water, it remained bright and untarnished for several 
weeks: of the facility, therefore, of thus effectually protecting the copper, 
there could be no doubt: but a point of great importance in reference to 
the present question was to determine the relative proportion which it 
was necessary for the protecting metal to hear to the protected*. When the 
former was zinc or iron, and amounted to from one-fortieth to one- 
hundred-and-fiftieth of the copper surface, the latter metal underwent no 


change or decay; when the zinc was reduced to one two-hundredth, and 
_ one four-hundredth, there was some perceptible loss; but it is, to a con- 


siderable extent, effectual, where it only amounts to one one-thousandth. 
As far, therefore, as protection was concerned, the above experiments 
were satisfactory, aud seemed to hold out well-founded hopes of being 


applicable upon the large scale; but when a negative electric power is 


thus conferred upon the copper, so as to protect it from oxidizing and 
corroding agencies, it becomes, (as above explained,) attractive of the 
cations or electro-positive bodies; among these are the earthy substances 
contained in sea-water, such as lime, magnesia, and some of their com- 
pounds: these, therefore, when the plan was adopted upon a large scale, 


* See also, inreference to this subject, | generating and conducting surfaces in 
the curious inquiries of Professor Daniell | voltaic arrangements.—(Phil. Trans. 
respecting the mutual relations of the | 1838, p. 31.) 
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and a protected vessel sent to sea, were precipitated or deposited upon 


the copper. Now it seemed, at first, as if this earthy coating would 
merely act as an additional preservative of the copper; but, unfortunately, 
the adventitious crust or surface, thus formed, is most favourable to the 


adhesion of weeds, and of certain marine animals; and these accordingly — 


attached themselves"to it so rapidly, and in such abundance, as to render 


the bottom extremely foul, and to interfere with, and impede the sailing — 


of the vessel. Theory would lead us to expect, that the zinc or iron 
might be so exactly proportioned to the surface of the copper, as effectu- 
ally to protect it, without at the same time communicating to it that 


tendency to attract an earthy crust, which has just been mentioned; but 


in practice this has been found scarcely attainable”. 
It wili be obvious, from the preceding details, that electrolytic action 
tends to the separation both of proximate and ultimate elements; of the 


separation of the proximate elements of compounds, the decomposition of © 


neutral salts furnishes ample instances, in which a compound acid and 
a compound base are respectively separated at the anode and cathode: 
whether the sub and super salts or disalts and bisalts are, or are not, 
decomposed with precisely the same results, has not, perhaps, been accu- 


rately determined, but apparently they are: the case, however, is different — 


with respect to binary compounds of the elementary substances; for 
among them, (with very few exceptions,) the prolocompounds, or those 
consisting of one atom or equivalent of an anion, with one of a cation, 
are those only which are directly electrolytic, whilst other binary com- 
pounds of the same elements are not so; thus the fused protochloride, 
and protiodide of tin are decomposed, but the perchloride, and periodide 
are not; these important differences may depend upon conducting power, 
for no compound which is not, to a greater or less extent, a conductor, is 
susceptible of this decomposition (with the single apparent exception of 
periodide of mercury, which Mr. Faraday found to insulate whilst solid, 
but to conduct whilst liquid, and yet was not decomposed). 


The cases of apparent decomposition opposed to the law just stated 


are numerous, but they may be referred to secondary electrolytic action. 
When sulphuric acid, for instance, (which is a compound of one atom of 
sulphur, and three of oxygen,) is sgbjected to the action of the electric 


current, sulphur and hydrogen appear at the cathode, and oxygen at the _ 


anode; but as already stated, Faraday has shown that the sulphur is here the 
result of the action of the nascent hydrogen upon the acid, and that in all 
cases of the true electrolytic decomposition of the sulphurets, the sulphur 


* It is to be regretted that the suc- 
cessful applications of scientific reasoning 
and philosophical discovery to practical 
purposes, and to the arts of life, are 
rarely made by their original inventors ; 
and the case before us threatens to turn 
out an instance of this remark, for a 
patent has been taken out for covering 
ships with iron plate, protected by zinc ; 
the iron is said to be thus rendered com- 
paratively durable and permanent, and 
not to have that tendency to become foul, 
by a little over-protection, which belongs 


to copper ; whilst its extreme cheapness, 
in comparison with copper, adds greatly 
to the value of its application. The 
galvanic protection of iron by zine in 
other cases merits much more attention 


than it has received ; when iron is coated 


by zinc it is unsusceptible of rust, and 
in a variety of cases zinced iron is mest 
importantly applicable; but although a 
“ company’? was advertised some years 
ago for the purpose of carrying out this 
“ patented ?” discovery, it has never yet 
been brought into use. 


, 


ELECTRO-CHEMICAL PHENOMENA. 


ig evolved at the anode, and hence is properly placed in the above table of 


- r% 


ions, amongst the anions. He observes, in reference to these cases, that 
the final result of the action of the electric current upon substances placed 
between the electrodes, instead of being simple, may be very complicated: 
that substances may be decomposed either by the direct action of the 
electric current, or by the action of bodies which that current evolves. 
There are also two modes by which, in these cases, new compounds may 
be formed; that is, by the combination of the evolved substances in 
their nascent states with the matter of the electrode, (of which the 
formation of oxide of silver, &c., above referred to, is an instance,) or, 
by their combination with substances, which being contained in or 
associated with the electrolyte, are necessarily present at the anode and 
cathode*. This complexity is further increased by the circumstance that 
such actions may occur simultaneously, and in variable proportions to 
each other. When the electrolyte is an aqueous solution, or when it 
contains water, such secondary results are very frequent, but they are not 
confined to cases where water is present: Becquerel has shown that 
they are in many instances applicable to the formation of new compounds, 
and to the imitation of those which are produced by natural operations. 
(Ann. de Chim. et Phys. xxxv. 113.) 

Previous to Faraday’s researches, it was assumed that all compounds 
were susceptible of electro-chemical decomposition, and more especially 
those in which the elements were held together by feeble affinities; but 
it is now apparent that conducting power is one essential requisite; and 
another (probably, at least) a certain atomic relation of the elements to 
one another; hence a most important application of electrolytic action to 
the determination of atomic weights. Mr. Faraday has thus expressed 
this law: “There is but one electrolyte composed of the same two 
elementary ions; hence, only single electro-chemical equivalents of 
elementary ions, and not multiples, can go to the electrodes.” We may 
infer, therefore, that in the electrolysis of a compound formed of two 
elementary substances, the elements will be evolved in single atomic 
proportionals; hence the inference, that water is to be considered as a 
primary atomic combination of single atoms of hydrogen and oxygen: 
and hence the application of electrolytic action to the determination of 
the equivalent number of the elements in doubtful cases. 

The metallic poles of the voltaic apparatus, or the electrodes, have 
been spoken of as exerting an attractive power over the elements of the 


* The decomposition of a solution of 
ammonia, in which the nascent oxygen of 
the decomposed water unites to the hy- 
drogen of the ammonia, and sets nitrogen 
at liberty at the anode; and that of nitric 
acid, in which the nascent hydrogen of 
its water, reacting upon the acid, pro- 
duces nitrous acid at the cathode, are 
instances of such secondary results. 

+ It follows from Faraday’s theory, 
that the more directly bodies are op- 
posed in chemical affinity, the more easily 
they are separated by electrolytic action, 


provided other circumstances, such as 
insolubility, deficient conducting power, 
proportions, &c., do not interfere, “so 
that in applying the voltaic battery for 
the purpose of decomposing bodies, not 
yet resolved into forms of matter sim- 
pler than their own, it must be remem- 
bered, that success may depend not upon 
the weakness, or failure upon the strength 
of the affinity by which the elements 
sought for are held together, but con- 
trariwise.”’ 


ELECTRO-CHEMICAL PHENOMENA. 


? 
electrolyte, but this is not the case, and the common expression, “ that ws 
certain substances are attracted by the negative pole, and others by the 
positive pole,” is so far incorrect, for no single elementary substance, or 
ton, has any tendency to pass to either of them; sulphur, for instance, 
charcoal, or finely-divided metals diffused through water, are indifferent 
to the transfer or passage of the electricity. The poles or electrodes may 
even be water or air. Thus, if pure water be carefully poured upon a 
solution of sulphate of magnesia, the platinum conductors may be so 
introduced and arranged, as to make the saline solution, the anelectrode 
(positive), and the water, the cathelectrode (negative); in this case 
magnesia will be deposited at the line of contact between the water and 
the solution, but none of it will pass across the water to the platinum 
cathelecttode; and in all cases, in which substances have been supposed 
to travel by mere attraction, a line of compound particles has extended 
from pole to pole. 

It seems proved by Mr. Faraday’s experiments, that electricity of very 
feeble tension may sometimes pass through an electrolyte without effecting 
its decomposition, and that, in such cases, the decomposition ensues when — 
the conducting power of the electrolyte is improved, or the intensity of 
the electricity increased. If, for instance, a solution of sulphate of soda 
be made part of a circuit transmitting electricity of very low intensity, 
the galvanometer in such a circuit will be deflected, so as to demonstrate 
the passage of electricity, but no appreciable decomposition of the salt 
will ensue; on increasing the intensity of the current, the deflection of — 
the magnetic needle is not increased, but the acid and alkali of the salt 
are separated. ; i 

Electrolytes differ in the facility with which they yield up their ele- 
ments to the influence of the electric current, or in the resistance which _ 
they offer to electro-chemical decomposition. (Faraday, Phil. Trans., 
1834, p. 448.) The following bodies are electrolytic in the order in _ 
which they are placed, those which are first, being decomposed by the 
current of lowest intensity:— 


Todide of potassium (solution) 
Chloride of silver (fused) 
Protochloride of tin (fused) 4 
Chloride of lead (fused) 

Todide of lead (fused) : 
Hydrochloric acid (solution) f 
Water acidulated by sulphuric acid. 


Lhat the chemical power is in direct proportion to the absolute quantity of 
electricity which passes, was an inference drawn by Mr. Faraday at an 
early period of his researches, (Phil. Trans., 1833, p. 53,) and afterwards 
ably demonstrated by a series of conclusive experiments, (Phil. T'rans., — 
1834, p. 102,) which have led to the development of the definite nature 
of electro-chemical decomposition. aa 
Analysis teaches that water is composed of I part by weight of — 
hydrogen, and 8 of oxygen, and that oxide_of zine consists of 32 of — 
zinc, and 8 of oxygen; now suppose a quantity of electricity set free, 
or in motion, by the oxidizement of 32 parts of zinc by 9 of water, that 
quantity will also decompose 9 of water by the platinum electrodes, 
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evolving from it 8 of oxygen and 1 of hydrogen; and the same quantity 
of electricity transmitted successively through fused chloride of silver, 
and iodide of lead, so as to decompose them, will evolve 36 of chlorine, 
and 126 of iodine, at the anodes, and 108 of silver and 104 of lead at 
the cathodes; these numbers are the exact chemical equivalents of the 
respective elements; accordingly, if we place a portion of water anywhere 
in the electric. circuit, the quantity of it which is decomposed, or the 
quantity of oxygen and hydrogen either separate or mixed, which is 
evolved, furnishes a measure, or mode of expressing the quantity of elec- 
tricity which has passed in a given interval. Mr. Faraday has constructed 
several instruments for this purpose, which he terms 
Volta-electrometers ox Voltameters: among them the two é 172 
following will be found most useful. a (fig. 172) is a 
straight tube closed at the upper extremity and gradu- 
ated; through the sides pass the platinum wires 6 0’, 
being fused into the glass, and connected with two plates 
within; the tube is fitted by grinding, into one mouth of 
a double-necked bottle, one-half or two-thirds full of 
water (acidulated by sulphuric acid to improve its con- 
ducting power). The tube is filled by inclining the bot- 
tle, and when an electric current is passed through it, the 
gases evolved collect in the upper part of the tube, and 
displace the dilute acid, the stopper c being left open: 
when the graduated part of the tube a is filled with the 
mixed gases, the electric circuit may be broken by 
removing the wires connected with 6 6, the stopper c replaced, and the 
meter-tube refilled by properly inclining the instrument: a second measure 
of the gases is then collected, on re-establishing the circuit, and so on. 
Another form of the voltameter is the following (fig. 173). It is 
fixed on a weighted foot a, and has the form of a small retort, containing 
the two electrodes: the neck 6 is narrow : | 
and long enough to deliver gas issuing 
from it into a graduated jar placed in a 
small pneumatic trough. ‘The electrode 
chamber, sealed hermetically at the part 
inserted into the stand, is 5 inches in 
length, and 0°6 of an inch in diameter ; 
the neck about nine inches in length, 
and 0:4 of an inch diameter internally. 
The chamber c is filled up to the neck with dilute sulphuric acid (sp. gr. 
13). In both these instruments, the contact of the electrodes with each 
other within the chamber or tube, is prevented by the interposition of 
pieces of glass-tube. . | 
I must here refer to Mr. Faraday’s paper (Phil. Trans., 1834, p. 87, 
el seq.) for some curious and important remarks respecting the influence — 
of different forms of the platinum electrodes in these instruments, and 
for the experimental proofs, that variation in the size of the electrodes, 
causes no variation in the chemical action of a given quantity of electricity 
upon water: that their action is uninfluenced by changes in the tnlensity, 
provided the guantily of electricity remain the same: that the quantity 
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of water decomposed is uninfluenced by the sirength of the dilute sul 
phuric acid in the volta-electrometer; that, when other solutions are — 
substituted for the acid, the constancy of the electrolytic action upon water 

is not altered; and that, as before stated, when water, and other electro- — 
lytes, are subjected to the influence of the electric current, the quantity 
decomposed is exactly proportionate to the quantity of electricity which 
has passed, notwithstanding all variations in the conditions and circum- 
stances under which they may at the time be placed. | | 

I shall conclude this part of the subject by the following summary of 
certain points already adverted to respecting electrolytes, tons, and electro- 
chemical equivalents, taken from Mr. Faraday’s seventh series of Experi- 
mental Researches in Electricity. (Phil. Trans. 1834, p. 111.) 

i. A single zon, 1. e. one not in combination with another, will have 
no tendency to pass to either of the electrodes, and will be perfectly 
indifferent to the passing current, unless it be itself a compound of more 
elementary tons, and so subject to actual decomposition. ii. If one zon 
be combined in right proportions with another strongly opposed to 
it in its ordinary chemical relations, i. e. if an anton be combined with a 
cation, then both will travel, the one to the anode, the other to the 
cathode, of the decomposing body. iii. If, therefore, an ton pass towards 
one of the electrodes, another 7on must also be passing simultaneously to 
the other electrode, although, from secondary action, it may not make its” 
appearance. iv. A body decomposable directly by the electric current, i. e. 
an electrolyte, must consist of two zons, and must also render them up 
during the act of decomposition. vy. There is but one electrolyte composed 
of the same two elementary tons; at least such appears to be the fact, 
dependent upon a law, that only single electro-chemical equivalents of 
elementary tons can go to the electrodes, and not multiples. vi. A body 
not decomposable when alone, as boracic acid, is not directly decomposable 
by the electric current when in combination. It may act as an ton, going 
wholly to the anode or cathode, but does not yield up its elements, except 
occasionally by a secondary action. Perhaps it is superfluous to point — 
out that this proposition has xo relation to such cases as that of water, 
_which, by the presence of other bodies, is rendered a better conductor of 
electricity, and therefore is more freely decomposed. vii. The nature of 
the substance of which the electrode is formed, provided it be a conductor, 
causes no difference in the electro-decomposition, either in kind or degree; ~_ 
but it seriously influences, by secondary action, the state in which the _ 
eons finally appear. Advantage may be taken of this principle in com- 
bining and collecting such tons as, if evolved in their free state, would be — 
unmanageable *. viii. A substance which, being used as the electrode, 
can combine altogether with the ton evolved against it, is also an ton, and — 
combines in such cases, in the quantity represented by its electro-chemical — 


* It will often happen that the elec- | sadly disturb the results. Still, in the Bs 


trodes used may be of such a nature as, 
with the fluid in which they are im- 
mersed, to produce an electric current, 
either according with or opposing that of 
the voltaic arrangement used, and in this 
way, or by direct chemical action, may 


midst of all these confusing effects, the 
electric current, which actually passes 
in any direction through the decom- 
posing body, will produce its “own defi- — 
nite electrolytic action. 
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equivalent. All the experiments agree with this view; and it seems, at 
present, to result as a necessary consequence. Whether, in the secondary 
actions that take place, where the ion acts, not upon the matter of the 
electrode, but on that which is around it in the liquid, the same conse- 
quence follows, will require more extended investigation to determine. 
ix. Compound Zons are not necessarily composed of electro-chemical 
equivalents of simple tons. For instance, sulphuric acid, boracie acid, 
phosphoric acid, are tons, but not electrolytes, i. e. not composed of elec- 
tro-chemical equivalents of simple tons. x. Electro-chemical equivalents 
are always consistent; i.e. the same number which represents the 
equivalent of a substance a when it is separating from a substance B, will 
‘also represent A when separating froma third substance c. Thus, 8 is 
the electro-chemical equivalent of oxygen, whether separating from 
hydrogen, or tin, or lead; and 104 is the electro-chemical equivalent of 
lead, whether separating from oxygen, or chlorine, or iodine. xi. Electro- 
chemical equivalents coincide, and are the same, with ordinary chemical 
equivalents. 


§ 13.—Source or Voutatc ELEectricity, AND THEORY oF THE PILE. 


Tae electrical equilibrium is so easily disturbed, or, in other words, 
there are so many causes of electrical excitation, and tending to the 
production of electrical currents, that it becomes difficult to separate 
them and to refer to each its due effects: Volta attributed the electricity 
of the pile to the mere contact of the different metals, and regarded 
the interposed solutions as imperfect conductors, admitting the transfer 
of electricity when the circuit was completed; and when incomplete, 
throwing the whole, by induction, into an electro-polar state. This ex- 
planation was adopted with some modifications by Sir H. Davy (Phil. 
Trans., 1807), who seems to have considered the electric state of the 
_ pile partly as the consequence of the contact of the opposed metals, and 
partly of the chemical action of the liquid in the cells; and he concluded, 
from experiments upon the contact of acids with alkalis and metals, that 
_ they became negative and positive in respect to each other*; summing 
up the whole in the statement, that “Chemical and electrical attractions 
are produced by the same cause, acting in one case on particles, in the 
other on masses of matter, and that the same property, under different 
modifications, is the cause of all the phenomena exhibited by different 
voltaic combinations.” —(Phil. Trans., 1826, p. 389.) | 

Others have referred the electricity of the pile exclusively to chemical . 
action: and Dr. Wollaston not only adopted this opinion (Phil. 7'rans., 
1801), but attributed the activity of the common electrical machine to 
the oxidizement of the amalgam: this view was opposed by Davy, who, 
contrary to Dr. Wollaston’s experiments, found the electric machine active 


* When two metals, or other sub- | but in these cases, and also when solid : 
stances, are brought into contact, and | acids and alkalis are used, friction, change 
especially when filings of one metal are | of temperature, and even chemical ac- 
sifted upon the surface of another, ex- | tion, cannot, as already observed, always 
ceedingly feeble electricity of tension may | be avoided. 
be shown by a very delicate electrometer; 


SOURCE OF VOLTAIC ELECTRICITY. 


in atmospheres of hydrogen and of earbonis acid, and in the latter me 
so than in atmospheric air, probably on account of its greater density. 

The phenomena of De Luc’s column were considered by some as | 
ample proof of the correctness of the “theory of contact,” while others _ 
ascribed its electricity to the chemical action of the moisture hygrometri- 
cally retained by the paper; but this instrument seems to require more — 
minute and accurate examination before any satisfactory conclusions can 
be drawn from it*, 

That electricity is produced in voltaic arrangements, independent of | 
contact, and apparently by chemical action only, has been satisfactorily 
shown by Faraday, for he found that a single pair of plates, so arranged 
as to avoid metallic contact and every other source of electricity except 
chemical action, produced a current which not only deflected a galvano- 
meter, but decomposed iodide of potassium. The following was the form 
ofthis, experiment. —(Phil. Trans., 1834, p. 426.) , 

A plate of zinc, about eight inches long and half an inch wide, a (fig. — 
174), was cleaned and bent in the middle to a right angle. — 
A plate of platinum, about three inches long and half an — 
inch wide, 6, was fastened to a platinum wire, and the — 
latter bent as in the figure. These two pieces of metal — 
were arranged together as delineated, but as yet without 
the vessel c, and its contents, which consisted of dilute 
sulphuric acid mingled with a little nitric acid. At 2 a_ 
piece of folded bibulous paper, moistened in a solution of — 
iodide of potassium, was placed on the zinc, and was i 
pressed upon by the end of the platinum wire. When — 
under these circumstances the plates were dipped into the acid of the 
vessel c, there was an immediate effect at x, the iodide being decomposed, 
and iodine appearing at the anode, 1. e. against the end of the platinum 5 
wire. As long as the lower ends of the plates remained in the acid, the — 
electric current continued, and the decomposition proceeded at x. On 
removing the end of the wire from place to place on the paper, the effect 
was evidently very powerful; and on placing a piece of turmeric paper 
between the white paper and zinc, both papers being moistened with the — 
solution of iodide of potassium, alkali was evolved at the cathode against 
the zinc, in proportion to the evolution of iodine at the anode. Hence — 
the decomposition was perfectly polar, and decidedly dependent upon a. ‘i 
current of electricity passing from the zinc through the acid to the platinum — i] 
in the vessel c, and back from the platinum through the iodic solution to 
the zinc at the paper 2. That the decomposition at 2 was a true electrolytic ‘ 
action, due to a current determined by the state of things in the vessel c, _ 
and not dependent upon any mere direct chemical action of the zine and — 
platinum on the iodide, or even upon any current which the solution of — 
iodide might by its action on those metals tend to form at x, was shown, — 
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* All the inquiries relating to the 
source of power in the voltaic pile have 


lately been submitted to a searching and | 


masterly investigation by Faraday, the 
details of which Ta addition to his for- 
mer experiments) are contained in the 


16th and 17th series of his Experimental 
Researches, already quoted. These pa- — 
pers only reached me whilst the present — 


pages were going through the press, 


or I should have “quoted them more in — 


detail. 
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in the first place, by removing aie vessel c and its acid from the plates, 
when all decomposition at x ceased, and in the next by connecting the 
metals, either in or out of the acid, topether, when decomposition of the 
iodide at x occurred, but ina reverse order; for now alkali appeared 
against the end of the platinum wire, and the iodine passed to the zinc, 
the current being the contrary of what it was in the former instance, and 
produced directly by the difference of action of the solution in the paper 
on the two metals. The iodine of course combined with the zinc. 

So far, therefore, the evidence of the current of electricity independent 
of metallic contact is complete. It is now to be shown how chemical 
action becomes the source of the electricity in the voltaic battery, and for 
this purpose it will be necessary to trace it from the simple to the com- 
pound circle. 

In the following illustrations, for which I am indebted to Mr. Fara- 
day, it is supposed that pure zinc is used; which, unlike the common 
zinc* of commerce, is very slowly acted upon by sulphusic acid diluted 
with six or eight parts of water. 

Let.z (fig. 175) represent a piece of such zinc, and Pp a piece of pla- 
tinum, both immersed in dilute sulphuric acid; if they do not touch each 
other, scarcely any action will take place on the zinc, and none on the 
other metal; but if they touch, or if they are connected by a long wire of 
zinc or platinum, as represented in the figure, then action 
takes place; oxygen from the water combines with the 
zinc, and forms an oxide, which dissolves; and the 
equivalent of hydrogen is evolved, and appears against 
the platinum; whilst the connecting wire exhibits all 
those characters which show that a current of electricity 
is passing through it. The direction of this current 
is essentially connected with the chemical action on the 
zinc, and the evolution of hydrogen on the platinum, and may, at any 
time, be identified by comparing it with the electricity of the common 
machine. If the prime conductor and rubber of a machine be con- 
nected by a wire, the electricity is. said, by a conventional expression, 
to be passing from the conductor through the wire to the rubber (see 
fig. 150, a, where p represents the conductor, and n the rubber); and, 
admitting that standard of reference, it is found in the experiment just 
described, that the current of electricity produced is from P through the 
wire to z. There are many other solutions, which, if used between the 
metals z and p, will cause a similar effect when the latter are connected 
by the wire, but the current is always in the same direction, and it is also 
‘always the zinc which enters into combination. Thus a solution of 
hydriodic acid, or of the iodide of potassium, will cause iodine to com- 
‘bine with the zinc, hydrogen will appear at the platinum, and a current 
of electricity will exist in the wire, but of weaker power than before. 


* The impurities in common zinc | which is superficially amalgamated with 
seem to be the cause of the rapid action | mercury, is not so acted on, and hence 
exerted upon it by diluted sulphuric acid, | the advantage of using it in cases where 
which oxidizes it with the evolution of | the ordinary and the voltaic action require 

hydrogen. Pure zinc, on the contrary, | to be Seb et eny observed. 
‘or, as Mr. Sturgeon has shown, zinc 
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In producing this effect, there are two circumstances which seem to’ 
be essential, namely, the immersion of the zinc and platinum in the _ 
solution, and the metallic contact of the metals, either directly, or by means _ 
of the wire: if the contact be broken the current is stopped, and the action 
on the zinc ceases; or if the metals be taken out of the solution, the action — 
on the zinc of necessity ceases, and again the current is stopped. Hence 
it became a question for many years, which, though much argued and 
experimented upon, has only recently been decided, whether it was the 
chemical action on the solution, or the contact of the metals, which was 
the real cause of the electric current, and other concomitant effects.’ 

But now consider fig. 176, and let » and o be two vessels like to m 
(fig. 175), each containing dilute sulphuric acid and pieces of zinc and 
platinum, and let the two z z be connected by a zine 
wire, and the two PP by a platinum wire: no chemical 
effects will occur, nor any current of clectricity be 
formed; but the moment a wire of any metal is 
stretched from a to 6, a current of electricity will run 
up it, dividing right and left, as is shown by the — 
arrows, and oxidation of both zincs will take place, — 
accompanied with the evolution of hydrogen at both 
platinums. 

Consider this cross-wire as still retained in its place, but the dilute 
sulphuric acid removed from the vessel 0, and replaced by a solution of. 
the iodide of potassium. Still the currents will exist, as represented by 
the arrows; the chemical action will remain unchanged in the vessel 2; 
and in the vessel 0, iodine will combine with the zinc, and hydrogen 
appear against the platinum. As yet the conditions both of chemical 
action and metallic contact exist, the cross-wire from a to 6 ensuring the 
latter; but now remove that wire, and instead of a cessation of action, the 
following change of effects will take place: the electric current from}b 
across to a of course no longer exists; that from a through the vessel » 
to 6 will be weakened, and the chemical action in much diminished; 
but the current from a through o to 6 will be actually inverted, and the 
chemical action in o will be inverted also, and the iodine will now appear 
in its free state against the platinum Pp, instead of combining with the 
zinc, and the hydrogen will appear at the opposite side. . 

Hence, not only is it proved that metallic contact is not necessary, — 
and that chemical action is the cause of the phenomena, but also that two 
distant chemical actions may be opposed, and the weaker made to yield 
to the stronger; and thus, electro-chemical excitation and electro-chemical 
decomposition are shown existing together in the simplest manner as cause 


and effect, 


: If two distant chemical actions can be thus 
ee Pee shown connected together in opposition to each 
j other, so also can they be shown with equal sim- 
plicity associated in accordance with each other; 
and in this consists the principle of the voltate 
pile or trough: for consider again the tendencies 
and directions of the two sets of forces, as indi- 
cated by the arrows, in the vessels n and o, fig. 176, and then divide the — 
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connecting wires at a and 6, connect the right-hand end- of a with the 
left-hand end of 6, and the right-hand end of 6 with the left-hand end of a, 
as in fig. 177, and then it will be seen by simple inspection, (what is 
found. as a matter of fact,) that the forces in p and q aid and exalt each 
other, instead of exerting a mutual opposing action. GLAU SINS 
Fig. 178 is the representation of three such actions combined, and 
with 300 or 3000 the principle is the porte} aret 178 
same; the pull on the general current 3 
being, as it were, aided by every re- 
currence of the zinc, and its vigour 
and intensity exalted. 
In reflecting upon the source of electricity in voltaic arrangements, 
and upon the definite nature of its action, as shown in the experiments 
above quoted, it becomes almost impossible to doubt the identity of 
the cause of chemical and electrical phenomena, and from an attentive 
consideration of the manner in which the elements of electrolytes are 
evolved at the anode and cathode, the insufficiency of that theory which 
referred the phenomena of their decomposition to the mere atiractive 
powers of the poles must be quite obvious: they must certainly be attri- 
buted to some specific action of the electric current, pervading the whole 
of its course through the electrolyte; and if we regard it, with Faraday, 
(Phil. Trans., 1833, p. 696,) as “an axis of power having contrary forces, 
exactly equal in amount in contrary directions,” we may also assume 
that electro-chemical decomposition is produced “by an internal corpus- 
- cular action exerted according to the direction of the electric current, and 
that it is due to a force, either superadded to, or giving direction to the 
ordinary chemical affinity of the bodies present. The body under decom- 
position may be considered as a mass of acting particles, all those which 
are included in the course of the electric current contributing to the final 
effect; and it is because the ordinary chemical affinity is relieved, weakened, 
or partly neutralized by the influence of the electric current, in one direc- 
sion, parallel to the course of the latter,. and strengthened or added to in 
the opposite direction, that the combining particles have a tendency to 
pass in opposite courses.” 


§ 14.—IbEntITy oF Vouratc anD Common Execrricrrty. 


TuE phenomena of the voltaic pile are, upon a superficial view, so 
different from those of common electricity, as frequently to have been 
referred to a distinct cause, and although they were found, when more 
accurately compared, to present many analogies, it was long before they 
were allowed to be absolutely identical. Mr. Faraday was led ‘to 
revise the experiments already made in reference to this question, and 
to devise many new illustrations of it: his results are published in the 
third series of his Experimental Researches. (Phil. Trans., 1833, p- 23.) 
He has arranged electrical phenomena, for the purpose of this comparison, 
under two heads; namely, those connected with electricity of tension, and 
those connected with electricity of motion; the former includes attrac- 
tions and repulsions at sensible distances: the latter (or the effects of 
electrical currents) includes the production of heat, magnetism, chemical 
decomposition, physiological phenomena, and the spark. 

: ¥ 2 


.°: 1: The attractions and repulsions produced by voltaic electricity, and 
_ so'far identifying it with that of the common electrical machine, have been 
above described. hah et 3 er 
~The escape of common electricity through rarefied air, is another 
effect due to its tension. On endeavouring to discharge a voltaic battery 
of 140 pairs of plates by approximated pointed wires, either with inter- 
vening air, or in a vacuum, no indications of a current, either by 
magnetic or chemical action, were obtained; but upon heating the air 
between the points, by the flame of a spirit-lamp, the current passed, so 
as to decompose iodide of potassium, and deflect the galvanometer in 
another part of the circuit. The arc of flame between charcoal points in 
air and in a vacuum isa similar phenomenon. Another proof of the tension 
and quantity of the electricity of the pile, is the charge of a Leyden 
battery, which may be effected by De Luc’s column and by the voltaie 
battery. | “§ 

2. As concerns electricity in motion, that of the voltaic apparatus 
produces heat, magnetism, chemical decomposition, shocks, and sparks, 
and in these respects the analogies with common electricity are complete, 


Of the heating power of common electricity, instances have been already — 


given, both as relates to the common spark and to that of the Leyden 
jar or battery. For delicate experiments upon this subject, Mr. Harris's 
beautiful and sensible electrometer may be used. (Phil. Trans., 1827, 
p- 17.) The production of magnetism by common electricity has also 
been satisfactorily proved, by the deflection of the galyanometer™, and by 
the simple experiment of affixing a steel needle at right angles to a wire 


through which the Leyden jar or battery is discharged, and which receives — 


permanent magnetism. Sag 2 
The power of common electricity to effect polar chemical decomposi- 
tion, was first shown by Dr. Wollaston 


placed over, but raised above, a piece 


foil a 6; connect one of them by an insulated wire c with the positive 


(Phil. Trans., 1801, p. 427), and has — 
been amply and excellently verified by — 
Faraday. Upon aglass plate (fig. 179) 


of white paper, so that shadows may 
not interfere, put two pieces of tin- 


conductor of the machine, and the other by the wire g with the 


ground, or with the negative conductor: provide two pieces of fine 


platinum wire, bent as in fig. 180, so that the part df shall be nearly 
upright, whilst the whole is resting on the three bearing points p ef: 
180) place these as in fig. 179; the points p 2 then become the 
decomposing poles. Place a large drop of hydrochloric 
acid, rendered blue by sulphate of indigo, so that pand 
\ nm may be immersed in it at opposite sides, then send a 
me current of electricity through it from a machine in good 


action, and chlorine, shown by its bleaching effects, will 


be evolved at p. This experiment is the counterpart of that with voltaic — 
electricity, described in the first paragraph of page 311. Place a drop of | 


> ae Mr. Colladon of Geneva, and in Faraday’s experiments (Phil. Trans., 1833, 
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solution of iodide of potassium mixed with-starch between the poles, and 
the eurrent will evolve iodine at p. Put a drop of solution of sulphate of 
copper between the poles, and the current will then cause the precipitation 
of copper at n*. | 
- — In all these experiments the direct passage of sparks must be carefully 
avoided. If sparks are passed over moistened litmus-paper, it is red- 
dened; and if over paper moistened by iodide of potassium, iodine is 
evolved; but these effects must be carefully distinguished from those due 
to true electrolytic action, and must be cautiously avoided when the latter 
are sought for. The effect just mentioned is due to the formation of 
nitric acid by the combination of the oxygen and nitrogen of the air: the 
‘acid so formed, though very small in quantity, is in a high state of con- 
centration, and therefore reddens the litmus-paper and decomposes the 
iodide. By moistening a very small slip of litmus-paper in a solution 
of caustic potassa, and then passing a succession of electric sparks over 
its length in the air, Mr. Faraday gradually neutralized the alkali and 
ultimately rendered the paper red, and on drying it he found that nitrate 
of potassa had resulted from the operation, and that the paper had become 
touch-paper. These experiments furnish simple, beautiful, and ready 
means of illustrating Cavendish’s experiment of the formation of nitric 
acid from atmospheric air; and render it probable that the singular odour 
produced by the electric discharge, as when the electricity of a powerful 
‘machine is suffered to pass off by points, or in a succession of long and 
rapid sparks through the air, may be derived from the production of that 
acidt. 

_ Though the above experiments amply demonstrate the identity of 
the decompositions effected by common and voltaic electricity, the true 
polar decomposition of water by the former has not hitherto been so 
effected as to collect an appreciable portion of oxygen and hydrogen, 
at the positive and negative poles: Faraday’s experiments, however, leave 
no doubt as to the reality of such decomposition. When sparks or shocks 
are transmitted through water by fine’ metallic points, streams of gas 
arise from them}, but they consist of oxygen and hydrogen at each pole, 


» * A curious experiment, which has 
been called electro-chemical, consists in 
tracing lines or devices upon a thin plate 
of glass covered with lac varnish, with 
the nob of a positively charged Leyden 
phial; positive electricity is thus commu- 
nicated to the side touched, and cor- 
responding lines of negative electricity 
are produced by induction, upon the op- 
posite side. If we now suspend the 
glass plate insulated in the air, and blow 
upon it a finely-powdered mixture of 
sulphur and red lead, the Jatter only will 
adhere to those parts of the plate which 
are positively electrified. If we now blow 
the same mixture upon the other side of 
the plate, the sulphur alone will adhere 
to the parts which are negatively electri- 
fied. Thus the same lines will be traced 
upon both sides of the glass plate, but 


with different coloured powders, the 
positive lines being red and the negative 
yellow. The cause of this appears to be, 
that when sulphur and red lead are tri- 
turated together, the former acquires 
positive and the latter negative electricity : 
hence the respective powders attach 
themselves to those surfaces which have 
an electricity opposed to theirown, 

+ A similar odour is observed during 
the decomposition of water by the voltaic. 
current. 

+ This experiment was first made by 
the associated Dutch chemists, Van 
Troostwijk, and Dieman, in 1789 or 
earlier ; it was repeated by Dr. Pearson 
in 1797 (Nicuotson’s Jour., 4to., i.), and 
afterwards by Dr. Wollaston in 1801.— 
(Phil. Trans.) a beet fy : 


if 
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and depend upon some cause, distinct from that which regulates the trans- a 
ference and final place of the evolved bodies, in cases of true electro- 


chemical decomposition. 


The physiological effects of the common electric current may be con- 
sidered the same with those of voltaic electricity, account being taken of 


the intensity of the one, and the duration of the other.. 
With regard to the spark, that from common electricity rivals in bell 
liancy the splendid light of the voltaic discharge, but it endures for the 


fraction of an instant only. When the voltaic and the common spark are 


taken between amalgamated surfaces of metal, at intervals only, and through 
the same distance of air, the eye can distinguish no difference between 
them. A curious modification of the spark of a Leyden jar or battery 
is obtained, by causing the electricity to pass through some distance of 
water or other imperfect conductor, such as a piece of wet string, so 
placed as to form a part of the circuit: the spark is then yellowish, flamy, 
of sensibly longer duration than if the water had not been interposed, 
and is accompanied by little or no noise; if taken between pieces of 
charcoal it is extremely luminous and bright upon both surfaces of the 
charcoal: thus, whilst losing part of its usual character, it, in some degree, 


approximates to the voltaic spark. The retardation which the current — 
of electricity suffers in being thus made to traverse water, is well illus- 


trated by its effect in inflaming gunpowder. In attempting to ignite 
gunpowder by the discharge of a Leyden jar, unless it is finely powdered 


and rammed into a small tube or quill, and the discharge of a large jar — 


or battery passed through it by points of iron wire, it is generally thrown 
about’ but not exploded. Place the powder, for 
instance, in a small ivory mortar, of which fig. 181 is 
a section, and discharge a moderate-sized Leyden 
jar through it, so that the spark may pass between 
the interrupted wires a a; in this case the powder 
will be dispersed, and not ignited. But now repeat 
— the experiment, placing a basin of water in the 
circuit, so that it may be interrupted by ten or 
twelve inches of that fluid, and the spark that passes under such circum- 
stances will invariably fire the powder; or, the circuit may be interrupted 

by a few inches of pack- 


and the same effect will 
ensue. Fig. 182 is a repre- 
sentation of the arrange- 
ment: a is a Leyden jar 
with a piece of chain 
touching its exterior coat- 
ing, and immersed at the 
other end into the shallow 


opposite side of which 
another chain issues, at- 


thread well soaked in water, - 


dish of water 5, from the — 


tached to one of the con- — 


ductors of the mortar c: a chain is also attached to the qRbOway con- 


ere 
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ductor; and the discharge is effected, by bringing the ball of the discharger: 


-d incontact with the nob of the jar e. When the circuit is entirely metallic, 
the passage of the electricity is apparently too rapid to kindle the powder, 

but it does so when retarded somewhat in its progress, by being made to 
traverse the water. é 


§ 15.—Animat ELEotRIcITyY. 


TERE are some remarkable instances of the generation of electricity 
in living animals, to whom the power seems to be given principally as a 
means of defence. Of these animals, the Torpedo or Electric ray, was 
noticed by the ancient writers on natural history: it inhabits the Medi- 
terranean and North Seas; its weight, when full grown, is about eighteen 
or twenty pounds. When touched, it communicates a benumbing sensa- 
tion, and by repeated contacts, gives a series of electric shocks. 

The Gymnotus, or Electric eel, was first described in 1677, by M. 
Richer, who was commissioned by the French Academy to make some 
mathematical observations in Cayenne. It is a native of the warmer 
regions of Africa and America, inhabiting the larger rivers, especially 
those of Surinam. In Africa it chiefly occurs in the branches of the 
Senegal. These animals have been anatomically described by Mr. 
Hunter in the 63rd and 65th volumes of the Philosophical Transactions. 
Their electric organs consist of membranous septa, and are most abundantly 
supplied by nerves; their too frequent use is succeeded by debility and 
death. That these organs are not otherwise essential to the animals, 
is shown by their thriving after they have been removed. | 

The Silurus electricus is less perfectly known: it has been described 
by Broussonnet under the name of Trembleur. (Histoire de l Académie 
Royale des Sciences, 1782.) , } 

- Walsh, Ingenhousz, Cavendish, Sir H. Davy, and Dr. Davy, (Phil. 
' Trans., 1773, 1775, 1776, 1829, and: 1832,) have each experimented 
on this form of electricity, and their joint results leave no doubt as to 
its identity with common and voltaic electricity. Mr. Faraday, avail- 
ing himself of a gymnotus brought to this country by Mr. Porter, and 


purchased by the proprietors of the Adelaide Gallery, has instituted new 


inquiries respecting the electric powers of this extraordinary animal. 
(Phil. Trans., 1838.) 

Humboldt, in his Tableau Physique des Régions Equatoriales, &c., 
has given some curious details respecting the electrical eel which inhabits 
the rivers and lakes of the low provinces of Venezuela and the Caraccas. 
It is met with most frequently in the stagnant ponds dispersed-at intervals 
over the plains which extend from the Oronoco to the Apuré. The old 
road near Urutica has even been abandoned, on account of the danger 
experienced in crossing a ford, where the mules were, from the effect of 
the shocks, often paralysed and drowned. Even the angler sometimes 
receives a stroke conveyed along his rod and line. These eels are about 
six feet in length, and occasion a highly painful sensation, more resem~- 
bling the effect of a blow on the head than the shock of a common 
electric discharge; a peculiarity of effect, referable perhaps to -a: great 
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quantity of electricity of small intensity. The following particulars given 
also upon the authority of Humboldt (Edin. Review, vol. xvi. p. 250) 
are too curious to be here omitted. akg ie 
“The Indians entertain such a dread of the Gymnotus, and show so_ 
much reluctance to approach it when alive and active, that Humboldt — 
_ found extreme difficulty in procuring a few to serve as the subjects of 
experiment. For this express purpose he stopped some days on his 
journey across the Llanos to the river Apuré, at the small town of | 
Calaboze, in the neighbourhood of which he was informed that they were 
very numerous. But, though his landlord took the utmost pains to 
gratify his wish, he was constantly unsuccessful. At last he determined 
to proceed himself to the spot, and was conducted to a piece of shallow 
water, stagnant and muddy, but of the heat of 79 degrees, surrounded by 
a rich vegetation of the great Indian fig-trees and odoriferous sensitive 
plants. Here he soon witnessed a spectacle of the most novel and’ 
extraordinary kind: about thirty horses and mules were quickly collected: 
from the adjacent savannahs where they run half wild. These the 
Indians drove into the marsh. The gymnoti, roused from their slumbers 
by the noise and tumult, mount near the surface, and swimming like so 
many livid water-serpents, briskly pursue the intruders, and gliding under 
their bellies, discharge through them the most violent and repeated 
shocks. The horses, convulsed and terrified, their mane erect, and their 
eyes staring with pain and anguish, made unavailing struggles to escape. 
In less than five minutes two of them sunk under the water and were 
drowned. Victory seemed to declare for the electric eels. But their 
activity now began to relax. Fatigued by such expense of nervous 
_ energy, they shot their electric discharges with less frequency and effect. 
The surviving horses gradually recovered from the shocks, and. became 
more composed and vigorous. Ina quarter of an hour the gymnoti finally 
retired from the contest, and in such a state of languor and complete 
exhaustion, that they were easily dragged on shore by the help of small 
harpoons fastened to cords.” : 
The gymnotus experimented with by Mr. Faraday gave a powerful 
shock when one hand was placed near each extremity of the fish. By 
the proper application of conductors it affected the galvanometer, and 
made a magnet; polar decomposition of iodide of potassium was easily 
effected by it, with such phenomena as indicated a current passing from - 
the anterior to the posterior parts of the animal; and, lastly, the spark 
was obtained. | 
Those who are fond of supposing that electricity is an agent in certain 
processes of vitality, have referred, in favour of their hypothesis, to 
certain other cases of its production by arrangements of different organic 
substances. If the hind legs of a frog be placed upon a glass plate, and: _ 
the crural nerve dissected out of one made to communicate with the other, — 
it will be found, upon making occasional contacts with the remaining 
crural nerve, that the limbs of the animal will be agitated at each contact. _ 
Hence some physiologists suppose that electricity may be concerned in 
some of the most recondite phenomena of life, and experiments have been 
made tending to confer some probability on this idea. 
“The principle once established, that there may exist in the animal: 
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_ economy a power of determining the developement of electric excitement 
capable of being transmitted along the nerves; and it being ascertained 

_ by numerous and decisive experiments, that the transmission of voltaic’ 
electricity along the nerves of even a dead animal is sufficient to produce 
the most violent muscular action, it became an easy step to refer the 
origin of muscular motion in the living frame to a similar cause, and to 
look to the brain, a wonderfully constituted organ, for which no mode 
of action possessing the least plausibility had ever been devised, as the 
source of the required electrical power.’ 

Sir John Herschel*, from whom I have quoted the last satagttaplt 
extends his ideas upon this subject in the following note. “If the brain 
be an electric pile, constantly in action, it may be conceived to discharge 
itself at regular intervals, when the fenision of the electricity developed 
reaches a certain point, along the nerves which communicate with the 
heart, and thus to excite the pulsations of that organ. This idea is © 
forcibly suggested by a view of that elegant apparatus, the dry pile of 
De Luc, in which the successive accumulations of electricity are carried off 
by a suspended ball, which is kept, by the discharges, in a state of regular 
pulsation for any length of time. We have witnessed the action of such 
a pile maintained in this way for whole years, in the study of the above- 
named eminent philosopher. The same idea of the cause of the pulsation 
of the heart appears to have occurred to Dr. Arnott, and is mentioned in 
his useful and excellent book on Physics, to which, however, we are not 


indebted for the suggestion, it having occurred to us, independently, 
many years ago.” 


Me § 16.—TueErmo-Execrricity. 


In 1832 Professor Seebeck of Berlin discovered this form of aldctet 
city: he found that a bar of antimony, (fig. 183,) a, with a piece of brass 


_ wire twisted round one end of it 3, and attached oO 183 
to the other in the form of a loop c, when heated 5 “a ~ 
"by the flame of a spirit-lamp at the contact of the R & 5 


metals 6, caused the deflection of a magnetic 
needle placed at d. 

But two metals are not necessary to this éffect, for if one end of the 
galvanometer-wire be cooled and the other heated, especially if it be of 
platinum, the needle will deviate when they are brought into contact. If 

_ a bar of bismuth be soldered to one end of the galvanometer-wire and a 
bar of antimony to the other, no effect is produced on bringing the two 
bars into contact when they are both of the same temperature; but if one 
of them be either heated or cooled, and then made to touch the other, the 
flowing of an electric current is immediately indi- © cab EO ES 
cated. “f : 

_ This current of electricity is rendered more 
evident by the following modification of the ar- 
rangement; in which a (fig. 184) represents four 
bars of antimony, soldered to four bars of bismuth 
6. Ifthe extremities at c be now united by per- 
fect metallic contact, as by dipping them into 


* Preliminary Discourse on the Study of Natural Philosophy, p. 342. 
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mercury, and ‘heat and cold applied alternately to the junctions of the 
two metals, an electric current will be put into motion in the direction. 
of the darts, which will deflect a magnetic needle from its meridian, 
placed immediately over or under any part of the circle, and which may 
be rendered more evident by the deflection of the galvanometer properly | 
connected with the extremes c. 

The term stereo-electric has been also applied to this current, implying 
its production in solid bodies independent of a fluid (from oTepeos, solid) 
as opposed to the voltaic or hydro-electric current. 

By forming circuits of the metals taken in pairs, they may be arranged 
in a series descending from the extreme negative, which is bismuth, to 
the extreme positive, antimony. Their thermo-electric properties have 
no. correspondence either with their voltaic relations, or powers of con- 
ducting heat, or electricity; neither do they accord with specific gravity, 
nor atomic weights. These relations are shown in the following table 
from Professor Cummine’s Manual of Electro-dynamics, every substance | 
in the thermo-electric series being considered as negative to all below, 
and positive to all above: hence, any metal in the upper part will form 
a circuit with all below it, similar to, though less powerful than, that of 
bismuth and antimony. Dr. Roget, in his treatise on electro-magnetism ~ 
(in the Library of Useful Knonledge, p. 94) inverts these terms, and 
says, that in the following thermo-electric series, every metal is positive 
to those below it, and negative to those above: in the deflection of the 
needle, bismuth and antimony bear the same relation to each other as — 
silver and zinc in the single voltaic circuit, hence it flows from the anti- 
mony to the bismuth; the latter, therefore, corresponds to the positive, 
and the former to the negative element: in this acceptation, therefore, 
Dr. Roget is correct: in the compound voltaic series, when the zinc end 
is called the positive, and the copper the negative pole, the terms are of 
course reversed. ‘ 


THERMO-ELECTRIC VOLTAIC SERIES SERIES OF ConpDUCTORs, 


SERIES, by acids. of Electricity. of Heat. 
Galena Potassium Silver Silver 
Bismuth Barium Copper Gold 
Mercury Zinc Lead Tin 
Nickel Cadmium Gold Copper 
Platinum Tin Brass Platinum 

~ Palladium Tron Zinc Iron 
Cobalt Bismuth Tin Lead 
Manganese Antimony Platinum 
Tin Lead Palladium 
Lead Copper Iron 
Brass Silver 
Rhodium Palladium 
Gold Tellurium 
Copper Gold 
Silver Charcoal ~ 
Zinc Platinum 
Cadmium Iridium 
Charcoal Rhodium 
Plumbago 
Tron 
Arsenic 
Antimony 
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According to the experiments of Nobili, thermo-electric circuits may 
be formed with substances of lower conducting powers than the metals. 
He made small cylinders of porcelain clay, and wrapped round the end of 
each some cotton steeped in a conducting liquid, which served to place 
them in direct communication with a galvanometer: one of the ends'was 
reduced to a point, and after heating it to redness by a spirit-lamp, was 
pressed on the cold extremity of the other cylinder, when a current was 
established from the hot to the cold part of the arrangement. 

All the phenomena of the thermo-electric current show it to depend 
upon considerable quantity opposed to very feeble intensity; it is indeed 
apparently sluggish even in its passage through metals; in that respect 

therefore directly opposed to common electricity. It is not easily cog- 
nizable by any means except the deflection of the magnetic needle, and 
has not hitherto been made to produce heat, or light, or chemical effects, 
though it is said to have convulsed the limb of a frog (Nosrui, Bib. Univ., 
xxxvil., 15). <A beautiful application of a thermo-electrical apparatus 
has been made by Nobili and Melloni (Bull. des Sciences, 1831), and 
employed by the latter in his experiments on radiant. heat: they con- 
structed a thermo-electric pile of thirty-six pairs of small plates of 
bismuth and antimony, and attached it to a delicate galyanometer: it was 
so susceptible of changes of temperature, and, therefore, so delicate a 
thermoscope, as to be affected by the warmth of the hand held at a con- 
siderable distance from it: in experiments on radiant heat it is rendered 
additionally sensible by covering one of its faces with a thin coating of 
lamp-black. 

_ Some theorists have adduced the phenomena of thermo-electricity in 
support of the contact-theory of the pile, but Faraday’s arguments and 
experiments prove that the two series of phenomena are perfectly distinct ; 
a conclusion also sanctioned by the researches of Becquerel. (Phil. Trans. 
1840, p. 122, Ann. Ch. et Ph., xui. 355, xivi. 275*.) 


THERMO-ELECTRICITY. 


* Some extraordinary phenomena, in 
’ gome respects the converse of those 
which we have called thermo-electric, 
have been observed by Pelltier. "When 
a weak electric current from a single 
circuit is transmitted through a bar of 
equal lengths of bismuth and antimony 
soldered together, from the antimony to 
the bismuth, heat is evolved at the point 
of junction, but if in the contrary direc- 
tion, cold. The effects are appreciable 
by placing the bulb of a delicate thermo- 
meter in a hole at the point of junction ; 
it rises 80° in the first case, and sinks to 
6° in the second. If the bar be placed 
on thawing ice, a little water may thus 
be frozen in the cavity made for the 
thermometer. 

“This production of cold by the vol- 
taic current may be demonstrated also in 
a striking way by the secondary thermo- 
electric current which it tends to gene- 
rate. Let a bar of bismuth 4:5 inches 
long, 0°4 inch square, and a similar bar of 
antimony be placed across each other at 


right angles, and mortice half their thick- 
nesses into each other at the place where 
they cross, and solder them together 
with tin. On connecting two of their 
ends with a galvanometer, and sending 
a current through the others, a deflection 
of the needle will take place on one side 
from the current generated by the change 
of temperature; when the direction of 
the current is reversed, the needle will 
be deflected in the contrary direction, 
proving that an opposite change of tem- 
perature has taken place from the rever- 
sal of the current. That this secondary 
current is not due to any diversion of the 
primary current, may be proved by con- 
necting the two ends of the same bar 
with the galvanometer, and sending the 
current through the other bar, when no 
effect will be produced. 

“These effects of what may, perhaps, 
be designated as electro-thermancy, which 
we owe to M. Pelltier, are the converse of 
those of thermo-electricity.” DANIELL’s . 
Lniroduction, § 800. 
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§ 17.—Maaenetism. 


‘ ine 


THERE are certain native oxides of iron which are termed magnetic — 


tron ores, and which have the remarkable property of attracting iron 
filings: when, or by whom this property was originally discovered, is not 
known; but the Greeks called the iron ore wayvnros, from the name, as 
it is said, of a shepherd, who first observed it. Pliny describes it under 
the name of magnes, a term said to be derived from Magnesia, a pro- 
vince of Lydia, where this ore abounded. 

If a bar of déempered steel be rubbed in a certain direction with this 
native magnet, or loadstone, it is itself rendered permanently magnetic, 
and acquires properties similar to those of its source. i 

There are other means by which magnetism may be temporarily or 
permanently conferred on iron, and even on other metals; but steel is 
the only substance (with the exception of nickel) which receives and 
retains it*: of these sources of magnetism, electricity is among the most 
remarkable, and a new branch of science has arisen out of the phenomena 


thus presented, called electro-magnetism; it is to render the details upon 


this subject intelligible, that I shall here briefly describe the leading pro- 
perties of the common magnet, without, however, entering into the 
extended and interesting theoretical reasonings which have been founded 


upon them, and which refer to the ultimate cause of this important and _ 


recondite property f. 
_ The most obvious properties of the magnet are—], polarity; 2, attrac- 
_ tion of iron; 3, attraction and repulsion of another magnet; and, 4, the 
production of magnetism in iron by induction. cb 
]. Potariry.—lIf a slender bar, or needle, of steel rendered magnetic, 
be poised on a central poifit, or suspended by a thread so as to have per- 
fectly free motion in a horizontal plane, and to be uninfluenced by neigh- 
bouring ferruginous bodies, it will for a time oscillate to and fro, and 
ultimately settle in a position nearly north and south; and if again dis- 
turbed, it will vibrate, and again assume the same direction, which, 
therefore, is called the magnetic meridian; this constitutes magnetic 
polarity, and the ends of the needle pointing north and south are usually 
called its north and south poles. 


2. Atrraction oF Iron.—On bringing either pole of a magnet near’ 


a small piece of iron, it will be attracted; and if iron-filings are used, 
they will cluster about the poles. From the way.in which the filings 


% 


' * In making a magnet, a bar of steel is 
rubbed in one direction by a magnet: 
great care is necessary in observing the 
direction, and not reversing it, for a 
powerful magnet may be presently un- 
made, or rendered unmagnetic, by passing 
a magnet over it inan opposite direction 
to that in which its magnetism had ori- 
ginally been conferred. A good abstract 
of the methods of making artificial mag- 
nets, will be found in the Library of Use- 
ful Knowledge, (Magnetism, p. 41.) 


+ The compendium of magnetism and 
electro-magnetism by Dr. Roget, in the 
Library of Useful Knowledge, Professor 
Cumming’s Manual of Electrodynamics, 


the articles on “ Magnetism ” in the En-— 


cyclopedia Metropolitana, and the papers 
of Professor Faraday in the Phil. Trans., 
are the authorities to which I refer 
those who wish for information upon 
the above subjects, and for particulars 
incompatible with the object of this 
Manual, a5 mech 


- 
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MAGNETISM. 


adhere, it appears that in the common magnetic needle, the great attrac- 


tive force is near its extreme ends, or at its _poles, and that it diminishes 
towards the centre, at or near which no attraction exists. These attrac- 


tions are mutual, that is, the iron attracts the magnet, and vice versa. 


3. ATTRACTION AND REPULSION OF ANOTHER Macnet.—If we bring | 


the pole of another magnet near that which is poised, we shall find that if 


the two similar poles be presented to each other, they exhibit a mutual 
repulsion; but that the dissimilar poles, mutually attract each other; 
here, therefore, we observe an analogy between magnetism and electricity, 
for between similar powers there is repulsion, and between dissimilar 


- powers, attraction. 


4, Magnetic Inpuction.—If a bar of iron be brought near a mag- 
net, the iron acquires temporary, or induced magnetism; and here again 


an analogy to electric induc- 185 
tion will be observed. Let a, p—______.§ »,’ ne ae 
fig. 185, represent a bar mag- ay Ce 


net, and 6 a bar of unmagnetic 
and soft iron, brought to within a short distance of s, the south pole 
of a: it will then be found, that whilst in this situation 5 is a magnet, 
the poles of which, x’ s’, are opposed to those of a, and consequently 
attraction subsists between s and n’; and if a second piece of soft iron, c, 
be placed near 8, it will also become polar, x” being its north, and s” its 
south pole, consequently s’ and n” will attract each other; on withdrawing 
a all magnetic properties in 6 and c immediately vanish. 

The experiment may be modified, as shown in fig. 186, where ais the 
magnet, 6 a short bar of iron, ¢ an iron key, and d several iron bullets; 
the magnetism in 0b, c, and d is here induced 


186 
by a; the respective north and south poles » Shy oe 
are produced and attracted as before, and each Para 


bullet acquires a similar polarity by which they ¢ 1 
are mutually held together; if a be now care- 

fully withdrawn to within a very short distance of 6, 6 c and d will still 
retain their induced magnetism; but, on removing a to a greater distance, 
6 c and d will drop asunder, and all magnetism disappear. When, - 
therefore, a cluster of iron-filings is held by the pole of a magnet, 
each particle of iron is polar, and the whole is an analogous result of 
induction. 

_ It has been observed that when a magnet is acting upon a piece of 
soft iron by induction, as in the case of a and 6, fig. 185, the power or 
intensity of the magnetism in a suffers an increase, and its poles, whilst 
under induction, have a greater attractive power, and will sustain a greater 
weight than when that influence is removed. 

According to Mr. Harris, the intensity of magnetic power developed — 
by induction in an iron bar, is inversely as the distance of the inducing 
pole from the adjacent end of the bar on which it acts; and the intensity 
of magnetism induced on the remote end of the bar is, with the same 
inductive power acting on the nearer end, inversely as the length of the 
bar. (Trans. R. S. Edin., 1829.) 

When a magnet, instead of. being applied as in fig. 185 to the end of 
an iron exe is applied to its centre (fig. 187), both the extremities assume 
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to that of the pole of the inducing 


state; and if the north pole of a 


axis may be perpendicular to it, the 
plate will have a central south pole, 
and every part of the circumference will acquire the properties of a weak 
north pole, as in fig. 188. The following simple experiment furnishes a 
useful illustration of the phenomena of induction and of magnetic 
189 190 attraction and repulsion. Attach two short 
pieces of iron-wire to a thread, and suspend 

them opposite to each other as in fig. 189. 

Then bring the pole of the magnet, s, slowly 


magnet, and the centre, an opposite 


magnet be applied to the centre of 
a circular disc of iron, so that its — 


towards them; the wires will gradually diverge _ 


because they become magnetic by induction, 
and their north poles x, and south poles s s, 
s are thus rendered similarly magnetic; but, on 
\ 4 ; advancing the pole of the magnet nearer to 
the wires, as in fig. 190, its attractive power 


the ends » n, and they are consequently drawn 
towards s, while the repulsion between s s is 
increased. It is upon this principle that the 
filaments of polar iron-filings adhering to the pole of a strong magnet, 
diverge, or are repelled by each other. 

All the magnetic properties induced in soft iron cease when it is 
heated to bright redness; so that if we heat the whole of a small iron 
bar up to that point, and then bring it near a magnetic needle, it will not 
affect it; as soon as it is cooled down to a common red heat the mag- 
netism returns, and is stronger than in the cold iron: but there is one 
particular period during cooling, between the white and red heat, at 
which the induced polarity is inverted; or in which the iron attracts the 
needle the contrary way to what it does whenitiscold. (Baruow, Phil. 
Trans. 1822, p. 118.) We also find that the permanent magnetism 


of a steel needle is diminished by a moderate heat, and that a red heat i 
totally destroys it. Mr. Faraday found the induced magnetism of nickel 


to be destroyed by a heat below redness, and conceives it probable that 
the unmagnetic metals are, at common temperatures, in the same relation 
to magnetism as iron at a bright red heat, and that at some very low 
‘temperature they would exhibit a similar relation to magnetism with 
that belonging to iron at common temperatures*. _ ‘ . 

it is obvious, from the position assumed by the magnetic needle 
when freely moving in an horizontal plane, that there is some attractive 
force in the earth, which causes it to assume a constant direction, and 
that what we have termed the north pole of the magnet, is attracted 
towards the north pole of the earth, and its south pole by the south pole 


i overcomes the repulsion that exists between 


* In reference to the influence of temperature upon magnetism, see a paper — 


by Mr. Christie. (Phil. Trans., 1825.) 


by induction, a magnetic staté similar 
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of the earth; and hence it is inferred, according to the above stated law 


of magnetic attraction, that the poles of the earth are in an opposite. 
magnetic state to those of the needle. 

We find that the earth has a further influence upon an artificial 
magnet, which is only rendered evident when it is so suspended as to 
move freely in every direction. Under these circumstances, and in our 
latitudes, the north pole of the needle is attracted downwards, as well as 
to the north, and assumes a position almost vertical, that is, making an 
angle with the plumb line of about 20°: this inclination to the horizontal 
plane is called the dip of the magnetic needle. 

These, and other phenomena, have been ascribed to the influence 
of a magnetic power in the earth: Dr. Halley regarded the globe as 
constituting a great magnet having four poles, two to the north and two 


to the south, at considerable and unequal distances from the poles of the 
earth. (Miscellanea Curiosa: as quoted by Dr. Taomson on Heat and 


Electricity, p. 546.) Two of these poles, one to the north and one to 
the south, are supposed to be fixed, the other two moveable. M. Hansteen. 
has adopted a similar hypothesis, and the changes in the direction and 
dip of the needle, or the variation of the compass, have been referred to 
such causes*: these, however, are subjects which it is unnecessary to 


_ pursue here, and I have only thus far adverted to them, to remind the 


student of the necessity of taking the influence of the earth’s magnetism 
into the account, in all cases where we speak of this power, and to 
explain another cause of the temporary and permanent production of mag- 
netism in iron and steel, resulting exclusively from the earth’s influence. 

_ When a bar of soft iron is held nearly vertical, or in the direction of 
the dipping needle, its ends are no longer indifferently attractive of a 
poised magnet; but (so long only as it continues in or near that position) 
itis polar, the lower end of the bar being a north pole, and the upper end 
a south pole, and it affects the magnetic needle accordingly. We now 
need only place the bar ina horizontal position, and both ends then 
indifferently attract the poles of the needle; or in other words, the 
induction of the earth is neutralized and vanishes. . It is not uncommon 
to find bars of steel, which have long remained in a nearly vertical 
position, permanently magnetic; that is, polar; this is often the case 
with the poker and tongs: and there is a very curious mode of making 
a magnet, dependent upon the same cause, which consists in holding a 
bar of steel in the direction of the magnetie dip, and striking it whilst 
in that position, afew smart blows with a hammer: the upper and lower 
ends then become south and north poles. If a bar of steel already 
magnetized, and not in this position, be similarly treated, it loses its 
magnetism: and hence the necessity of caution in using good magnets, to 


* In the year 1660, the magnetic 
needle in London pointed exactly north 
and south, London being at that time in 
the line of no variation. Before that 


period, the variation was to the east, but 


after the year 1660, the variation became 
westerly, the line of no variation there- 
fore has been progressively but slowly 
moving in a westerly direction, and has 


now passed to North America. At Lon- 
don, the westerly variation continued to 
increase till 1818, when it amounted to 
24° 30’; this appears to have been its 
maximum, and since that time it has 
somewhat diminished. The dip has un- 
dergone corresponding changes : in 1773 
the dip was 72° 19’; in 1830, 69° 38’. 


avoid striking them or letting them fall, by which their magnetism is” 
more or less weakened. . ee 

The manner in which the magnetic force emanates from the poles of 
a magnet is well illustrated, by placing two magnetized bars with their 


opposite poles about an inch asunder, under a sheet of writing-paper, and 


then sifting iron filings upon the paper; they will assume a peculiar and 
beautiful arrangement, showing the direction of the magnetic curves, (some- 


7 
ty 


y, Which is perfected by gently shaking’ 
- or tapping the paper to assist their 
polar adhesions. If we place a piece 
; of soft iron between the poles, and’ 
within the curves at c, it becomes, as already explained, magnetic, by’ 
induction. These curves or currents are well shown between the poles. 
of what is commonly called a horse-shoe magnet, in which the magnetized: 
bar is bent into that form (fig. 192). 2 s are its north and south poles; 
a s‘n’ are the induced north and south poles of a bar of soft 
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power of the magnet by the weight which it will sustain. 

As iron and steel, when free from magnetism, are attracted 
only in consequence of induction, it follows that the degree 
of susceptibility to induction may be measured by the at- 
traction which results from this property. With this view, 
Mr. Barlow (Phil Trans., 1822, p. 117) made a series of 
experiments to ascertain the relative attraction which different species of 
iron and steel had for the magnet, and obtained the following results, the 
relative magnetic power of each substance being expressed by numbers. — 


4 


Malleable-iron . . . . . . 100 Hard blistered-steel . . . .53 — 


EroOlt_cast-steel.. is os. se 74 Hard shear-steel, , £2 2 2°63 
Soft blistered-steel . . . . 67 Hard cast-steel . . . . . . 49 
Soft shear-steel . . . . . )§ 66 Cast-iron'} *. \.°*) Ta eee 


Mr. Hatchett found that the protosulphuret and phosphuret of iron, 
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what as in the annexed figure 191,) _ 


iron, commonly called the holder, and which, when applied _ 
to the magnet, is powerfully attracted. A scale may be 
conveniently attached to the holder for determining the’ ~ 


* 


were susceptible of receiving and retaining magnetism; in this respect, 
therefore, they resemble the protovides of that metal, and the protocar-_ 


buret, or steel: the peroxides, the persulphurets, and plumbago, natural 


and artificial, are not magnetic: his suggestions, in reference to the mag- 


netic properties of the above compounds, and of the circumstances which 
interfere with those of the varieties of cast-iron, deserve further con- 
- sideration.—( Phil. Trans., 1804.) ; 


§ 18.—ExEcrro-Maenetism*, 


a 


Havine, in the preceding section, defined the meaning of the term 


magnetism, we now proceed to examine the evolution of magnetism by — 


.* The reader who may be desirous of ously consult Mr. Faraday’s “ Historical 
historical details and references to au- | Sketch of Electro-magnetism,” in the 


thors, upon this subject, may advantage- | Annals of Rhilosophy.—(New Series. ii.) 


electricity; this important diiadveey was made in- 1819, by Professor 
‘CErsted of Copenhagen. 

All the effects we are about to describe depend entirely upon electricity 
in motion, or upon electric currents, and are directly proportionate to the 
quantity of electricity: nothing of the kind is produced by electricity of 
tension, nor are they apparently increased by increasing the intensity of 
the current. Hence, for their developement, voltaic electricity is infinitely 
more effective than common electricity; and in the voltaic arrangements 
employed, all depends upon the surface of the plates, and nothing upon 
the number of their alternations: hence also perfect metallic contact of the 
conductors employed must be observed. 

When a wire transmitting the volta-electric current (and which may 
be called the connecting wire) is brought near'a common magnetic needle, 
it has the power of attracting and repelling it, in obedience to very peculiar 
laws. If a magnetic needle be left to take its natural direction, and then 
a straight portion of the connecting wire be brought above and parallel to 
tt, the end of the needle which is next the negative pole of the. battery 
moves towards the wes/, and that, whether the wire be on the one or other 
side of the needle, so that it be above and parallel to it. If the connecting 
wire be sunk on either side of the needle, so as to come into the horizontal 
plane in which the needle is allowed to move, there is no motion of the 
needle in that plane, but the pole of the needle attempts to move ina 
vertical circle, and but for the imperfect suspension, and the earth’s mag- 
netism, would do so. When this wire is on the east of the needle, the pole 

next the negative end of the battery is elevated, and when on the west 
of the needle it is depressed. If the connecting wire be now sunk below 
the level of the needle, similar attractions and repulsions take place, but in 
opposite directions to those followed when it is above. The pole of the 
needle opposite the negative end of the battery now moves eastwards, 
whatever the position of the wire, so that it be restricted as above. 

In discussing the relations of the electric and magnetic currents indi- 
cated by this experiment, it may be useful, instead of indiscriminately 

using the terms north and south, east and west, and negative and positive, 
to employ them in reference to the following position. If we stand with 
the face towards the north, and the current of electricity pass in the same 
direction, that is from the south to the north (parallel with the magnetic 
meridian) then the magnetic needle, when above the electric current, will 
turn to the left, or to the west; and below the current, to the right or to 

the east: its north pole will be elevated when on the east side of the 
current, and depressed when upon the west, and will have a tendency, 
therefore, to revolve round the electric current in a direction from east to 
west, or from right to left. 

In the diagram (fig. 193) the 
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electric current is supposed passing 734 
through the conducting-wire p (1), fle 
in the direction s N, in which case . 
the magnetic dedi placed above . 
it, has its marked or north pole de- a 
+ 


flected towards the west, and (as in 
2), placed below il, towards the east. 
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The following contrivance of Dr. Roget is useful in assisting the memory 
respecting the details of these affections. 8 (fig. 194) is a slip of card, 
on each side of which a line a b is drawn along the middle of its length, 
the end a being marked +, the end b —, and the centre c, being crossed 
by an arrow at right angles to it, directed asin the figure. Through 


the centre and at right angles to the plane of the slip of card, there is: 


made to pass a slender stem of wood, at the two ends of which are fixed 
in planes parallel to the slip of card a 8, the circular discs of card, 
marked respectively with the letters n ands, and with arrows parallel to, 
but pointing in a contrary direction to the one at c. The same marks 
must be put on the reverse of each of the three pieces of card, so that 
when held in different situations they may be seen without turning the 
instrument. 
: A If the line ab be supposed to represent 
) the galvanic wire (the direction of the 
current of electricity being denoted by 
the signs + and —, at the ends of the 
line), the arrow at the centre will point 
out the direction in which it tends to move, 
.,| when under the influence of the north pole 
“J of a magnet, situated at N; or of a south 
pole situated on the other side at s: and 
vice versd, the arrows at N and s will indi- 
cate the directions in which the north and 
south pole, respectively, tends to revolve 
round the galvanized wire in its vicinity, 
with relation to the direction of the current 
of electricity that is passing through it. 

It must be observed that the poles n and s are here not considered as 
in connexion with each other, or as forming parts of one magnet: their 
operations are exhibited singly, and quite independently of each other. 
The advantage of this little instrument consists in its being capable of 
being held in any situation, and thus easily adapted to the circumstances 
of any fact or experiment of which we may wish to examine the theory. 

All substances, which admit of the transfer of the electric current, 
exhibit similar phenomena; but the best conductors, or those which appear 


B 


to afford the least resistance to the current, are those which become most - 


powerfully magnetic: the metals, therefore, stand in the order of their 
electro-conductive powers; and when liquids are used, the best conductors 
among them are those by which the magnetic needle is most powerfully 
affected. The electric current itself, when passing through rare ait, 


exhibits the same phenomena. Every part of the conductor, of course, — 


exhibits similar phenomena, and everything through which the current is 
passing; the connecting-wire, therefore, so long as the current is passing 
through it, is everywhere attractive of iron-filings, and the voltaic pile 
itself acts upon the needle, precisely as the connecting-wire. or 

From the manner in which the needle is affected when placed parallel 
to either side of the electric current, it was inferred that a current of 


magnetism (as it may be termed) is put into motion by the electric cur- _ 


rent, so as to circulate, as it were, at right angles to the latter: hence 


=p 


_ small arrows will represent the direction of the cir- 
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Dr. Wollaston termed it vertiginous magnetism; or, as Mr. Barlow ex- 
pressed it, the magnetic force exerts a tangential action. Let us, there- 
fore, suppose fig. 195 to represent the conductor 
through which the electric current is passing from 
end to end in the direction of the dart p, then the 
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culating current of magnetism. In fig. 196 both 
currents are moving in the opposite direction. 
Supposing the wires or conductors above repre- 


sented placed side by side and parallel to each other, they will obviously 


be magnetically repulsive, because similar magnetic polarities (as shown 
by the horizontal darts) are opposed to each other; but if we invert either 
conductor, or, what amounts to the same thing, change the direction of 
the electric current in it, they will then become magnetically attractive, 


_ because the dissimilar magnetic polarities are then opposed to each other. 


So that two wires in which the electric current is passing in the same 
direction are magnetically attractive; and two wires, in which the electric 
current is passing in opposite directions, are magnetically repulsive. 

Impressed with this view of the relative motions of the electric and 
magnetic currents, Mr. Faraday conceived that the pole of the magnet 
ought to revolve about the electric couductor, and the electric conductor 
about the pole of the magnet, and by the following very ingenious appa- 
ratus he succeeded in the experimental verification of the theory*. 

Fig. 197 represents two glass vessels, a and B, placed side by side, 
with their appendages. In a the motion of a magnetic pole round the 
connecting-wire (or electric current) is produced, and in B the connecting- 
Wire moves round the pole of the magnet. That a current of electricity 
may be established through the cup 4, a hole is drilled at the bottom, and 
into this a copper pin is ground tight, which projects into the cup, and 
is rivetted below to a small round plate of copper, which forms part of 
the foot of the vessel, and communicates with the connecting-wire a. A 
small cylindrical and powerful magnet 6 has a piece of thread fastened to 
one of its poles, by which it is 
attached to the copper pin at the 
bottom of the cup, and so ad- 
justed, that when the cup is full 
of clean mercury, the free pole 
6 floats almost upright at the 
surface. The stem of the vessel 
B is tubular, and a copper socket 
is attached to its copper foot, in 
connexion with the conductor 
a’, which holds the magnet, 0’, 
projecting above the centre of 
the mercury. In these cups 
of mercury, therefore, the. two ay 
magnets are similarly arranged, —> 


~ * Mr. Faraday’s original papers on this 
subject will be found in the Quarterly 
Journal of Science and the Arts, vol. Xii., 


pp. 75, 186, 283, and 416. The date of 
the first is September 11, 1821. 
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except that in « the pole is moveable, and in s, fixed. cis a brass stem 
and cross-wire prolonged by a smaller wire into the cup of mercury A, on 
one side, and on the other into B, but on this side the conducting-wire ¢ 
is suspended by a loop, so as freely to move round the end of the magnet 
b'.. If a be now connected with the positive, and a’ with the negative, 
voltaic wire, so that the electric current may traverse the apparatus in the 
direction of the darts, the moveable magnetic pole 6 will revolve about 
the fixed conductor; and the moveable conductor ¢ will revolve about the 
fixed magnetic pole 6’. On changing the direction of the electric current, 
that of the respective rotatory motions will also be changed. ae 
Since this discovery, a great variety of rotatory electro-magnetic. 
apparatus has been suggested and contrived, in which the electric and mag- 
netic currents are mutually made to produce the revolutions of conductors: 
about each other, and about their own axes, in most of which volta- 
electricity, and in some, thermo-electricity is used: of these, a good 
account will he found in the Library of Useful Knowledge already quoted, 
and in Mr. F. Watkins’ popular sketch of electro-magnetism and electro- 
dynamics. 
| Referring to the statement just 
given of the manner in which the ~ 
magnetic needle is affected by the 
electric current, the construction and 
use of that valuable instrument the 
galvanometer, which has been so often 
referred to, and which was originally 
suggested by Schweigger, will easily 
be understood. In its simplest form 
tA a= it consists of a magnetic needle, so 
| a 3 poised as to be affected by an electric 
| | current passing above and below it, 


| as in fig. 198, where pand Nn are two 
small copper cups, each containing 
a little mercury, for the purpose of 
connexion with the voltaic or other 
| source of the electric current, which 
moving in opposite directions in the 
| upper and lower portions of the wire, > 
as shown by the darts, will conspire 
| in both cases, to deflect the needle 
Peete. from its natural position, in the same 
direction, and to bring it into a posi- 
tion nearer to a right angle to the 
plane of the wires. To multiply this 
i. effect, and to render the instrument 
a ks l a more susceptible indicator of fee- 
= == ble electric currents, the convolutions 
of the wire are multiplied, and the 
d, by coating it with silk, or sealing- 
pporting the needle upon a pivot, it is suspended 
ilk, or, as suggested by Professor Ritchie, (Phil. 
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lateral transfer of electricity prevente 
wax; and instead of su 
by a fine thread of gs 
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Lrans., 1830, p. 218,) by a filament of spun-glass; the sensibility of the 
instrument is further increased by employing two needles, one above and 
the other within the coil, and placed parallel, but with their poles 
opposed, so as to neutralize the magnetic influence of the earth: to this 
instrument a divided circle is so attached as to enable the observer readily 
to read off the deviation. This form of galvanometer, or electro-magnetic 
multiplier, is shown in fig. 199 (in section),  s is the lower needle, sur- 
rounded by the coil of wire, and connected with the upper needle, s n, by 
an intermediate piece of straw, which passes through the upper part of 
the horizontal coil, and through the circular card above it, on which the 
graduated circle is drawn, and is attached to the “eas filament sus- 
pended from a screw, supported by the frame of the instrument*. 

From the direction of the magnetic as opposed to the electric current, 
it is obvious that an iron or steel needle placed transversely to the 
connecting-wire, as in fig. 200, will acquire magnetic polarity, and that 
if P N represent the conducting-wire, and s 7 the needle, 
the nature of its polarity will depend upon its being above 
or below the electric current. But in thus making a 
magnet, either temporarily of iron, or permanently of > 
steel, a great increase of power is obtained by winding ij 
the connecting-wire (which in this case must be covered 
with silk to prevent contact of the metallic surfaces) 


round the iron bar, in the form of a close spiral, the effect of which will 


be, in the first place, a close assimilation in the coil itself to a magnetic 
needle, and in the next a great increase in the general magnetic effect, 
as will be apparent from the following considerations. Let p n, fig. 201, 
represent a straight conducting-wire, in 201 
which an electric current is passing in the 2 
direction of the large dart; the small darts, AY) 7 ) VER: 
will then show the direction of the magnetic 
influence or vortex: if we now coil this wire into a spiral, the magnetism 
will tend the same way in each convolution, as in fig. 202, where the 
connecting-wire, (in which the direction of the magnetic current is indi- 
cated by the darts,) is supposed to be wound spirally round a glass tube, 
and where n s represents a 
steel bar in the axis of the 
tube and spiral, in which 
case it becomes a powerful 
magnet. If a glass tube 
thus surrounded bya coil of 
wire traversed by the electric 
current be held vertically, it will actually draw up an iron needle and 
retain it in its axis, against the force of gravity. 
If such a wire be wound round a bar of soft iron, it is rendered a 
very powerful magnet during the passage of the electric current; and 
by employing a bent bar of iron, (fig. 203,) and connecting the extremes 
of the wire Pp and n with the positive and negative mercurial cups of the 


* The various forms of the galvano- | chanical arrangement by Mr. Watkins 
meter have been improved in their me- | of Charing-cross. 
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203 2s single voltaic plates shown in fig. 149, a most powerful 
Ki form of the horseshoe magnet is obtained. 
( 


From the description of the heliacal or spiral — 
arrangement just given, we can understand how a 
voltaic magnet may exactly resemble a common mag- 
net, in its obedience to other magnets-and to the 
earth’s polarity. This is well shown in De la Rive’s 
floating electro-magnet (fig. 204), in which the copper 
—14 iN cup and zinc plate forming the simple voltaic circle, is 

| j inserted into a glass cylinder adapted for floating in 
th water: the ends of the spiral being soldered to the 
wires Np. Here the spiral represents the magnetic 
needle, placing itself in the magnetic meridian, and 
being obedient to another magnet brought to either of 


its poles. 
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We have an interesting modification of this apparatus in De la Rive’s 
single or circular magnetic coil, which may be constructed as follows. 2 ¢ 
(fig. 205) are a zinc and copper plate attached to a piece of cork sufficient 
to float the whole apparatus, with the plates immersed in a basin of dilute 
sulphuric acid. A copper wire is soldered to the copper plate, and being 
covered with silk thread is formed into six or eight circular convolutions, 
its other end being soldered to the zinc plate. When this arrangement — 
is floating in dilute acid, a current of electricity traverses the circles of © 
wire in the direction of the darts, and a magnet  s presented horizontally 
to its axis causes the ring to move towards it, till it reaches its centre, 
where it pauses in a state of equilibrium. If we now withdraw the mag- 


net, and reversing its poles, (whilst the ring is held in its first position, ) 


pass it half way through the ring, it may possibly again remain in equili- 
brium, but the slightest change of position causes it to move with an 
accelerated velocity towards the pole nearest to it, and getting clear of 
the magnet is first repelled, then turning round so as to present its — 
opposite face to the magnet, it is attracted, and passing again over the 
pole of the magnet, rests in equilibrium at its centre, or at what may be 


_ called the magnetic equator. In the first position it was equally attracted 
by the two poles, and in the second equally repelled. | 
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§ 19.—Maenero-Execrriciry*. 


Unover this term, I shall describe another branch of electrical science, 
vying in interest and importance with the discovery of CErsted detailed 
in the last section, and being in fact the converse of it, namely the pro- 
duction of electricity by magnetism, for which we are exclusively indebted 
to Mr. Faraday. (Phil. Trans., 1831.) | 

From the statements in the last section, it is evident that magnetism 
ig in some way produced by electricity in motion; now it occurred to 
Mr. Faraday, in consequence of certain phenomena which he observed, 
and which he has described under the terms volta-electric, and 
magneto-electric induction, that magnetism in motion ought to produce 
an electric current, and he succeeded in verifying this important con- 
clusion as follows: along spiral coil of copper-wire, covered as in the 
former experiments with silk, was connected by its extremities with the 
galvanometer, the deflection of which would of course announce a current 
of electricity in the spiral and wires connected with it: he now found, 
that in the act of introducing the pole of a powerful bar-magnet within 
the coils of the spiral, a deflection of the galvanometer took place in one 
direction, and in the act of withdrawing it took place in the opposite 
direction; so that each time the conducting-wire cut the magnetic 
curves, a current of electricity was, for the moment, produced in it. He 
afterwards devised the following curious modification of this experiment: 
c (fig. 206) is a copper plate so mounted as to admit of revolving upon 
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its axis; ns are the poles of a powerful horse-shoe magnet, so placed as 
to admit of the revolution of the circumference of the plate between them; 
w w’ are conducting wires, one of which is retained in perfect metallic 
contact with the axis, and the other with the circumference of the plate 
at the point between the poles 7 s. These wires terminate in the galva- 


* Any extended details upon this | searches in electricity, read before the 
extremely curious subject would be mis- | Royal Society, on the 24th of November, 
placed in a Manual of Chemistry: I must, | 1831, and published in the Phil. Trans, 
therefore, refer for them to Mr. Fara- | for 1832, p. 125. 
day’s first series of experimental re- 
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nometer g. When the copper plate is made to revolve from right to left, 


a current of electricity is produced, in the direction of the arrows, and > 
deflects the galvanometer accordingly. If the revolutions of the -plate, or | 


the poles of the magnet be reversed, the electric current moves in the 
- Opposite direction*. | | : Se 
Mr. Faraday not only succeeded in obtaining galyanometrical indi- 
_ cations of an electric current, but, by another modification of the arrange- 
ment in which the electric current was induced by an electro-magnet, he 
actually succeeded in obtaining the electric spark. (Phil. Trans., 1832, 
p. 132.) The electric spark was afterwards obtained from a common 
magnet, by Nobili and Antinori, and in this country by Professor Forbes. 
(Phil. Trans. Edinb., 1832.) - For this purpose, a helix of copper wire 
was formed round the middle of the soft iron holder of a powerful horse- 


shoe magnet; on making and breaking the contact between the holder and 


the magnet, magnetism was alternately created and destroyed within it; 
at these periods of transition, electric currents were induced in the helix, 
and on so arranging the conducting-wires as at these moments to make 
and break contact with mercury, a_ brilliant spark was observed at each 
motion of the holder. By making the poles of a powerful horse-shoe 
magnet revolve rapidly before a soft iron armature supplied as in the 
former case with a helix, or what is still better, causing the armature and 
helix to revolve before the poles, an electric current is obtained, which 
not only gives continuous sparks, but ignites wire, decomposes water, and 
produces powerful shocks. These magneto-electric machines whilst they 
furnish a beautiful illustration of the production of electricity by moving 
magnetism, seem also to promise some advantage in the medical applica- 
tions of electricity, and have been elegantly applied to the purpose of 
obtaining instantaneous light, by causing the spark to inflame the wick 
of a small spirit-lamp. 

The best form of the magneto-electric machine is that contrived by 
Mr. Saxton, which has been figured and described by Mr. Daniell, (Intro- 
duction, § 834,) as follows :— 

“A very powerful horse-shoe magnet, formed of numerous steel plates 
closely applied together, or an electro-magnet of soft iron of the same form, 
is placed in a horizontal position. An armature or bar of the purest soft 


iron has each of its ends bent at a right angle, and is mounted in such a ~ 


way that the surfaces of those ends are directly opposed, and close to the 
poles of the magnet; in this position it may be made to rotate rapidly in 
a vertical direction, by means of multiplying wheels and an endless band. 
Two series of copper-wires, covered with silk, are wound round either end 
of this bar, as compound helices. The extremities of these wires having 
the same direction, are connected together, and with a small circular disc 


“ In the year 1824, M. Arago discoy- 
ered that a magnet suspended over, and 
parallel to the surfaces of a horizontal 
rotating copper plate, acquired a ten- 
dency to revolve in the same direction 
with the plate; and also that a rotatory 
Magnet tended to give a similar rotatory 
motion to a contiguous disc of copper. 


—(Phil.. Trans., 1825, p. 467.) These 
phenomena are explained by the electric 
currents induced in the copper plate by 
its rotation within the magnetic curves, 


which currents flow at right angles to — 


the direction of the motion. (Farapay, 
Phil. Trans., 1832, p. 146.) 
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rotating with the armature in acup of mercury, with which it is therefore 
in metallic communication in every position of the disc. The other 
extremities of the wires are united together, and passing without metallic 
contact through the spindle upon which the apparatus turns, terminate in 
a small slip of copper with two opposite points placed at right angles to the 
axis. These, in the act of rotation, alternately dip into, and rise above, 
the mercury in another cup, which may be connected with the first at 
pleasure by means of a copper wire. By the laws of magnetic induction, 
the armature becomes a temporary magnet whenever ‘its bent ends are 
opposite the poles of the magnet, and ceases to be magnetic when they 
are at right angles to them. The momentary generation and destruction 
of the magnetic force, which will be oppositely directed in the bar as its 
opposite ends become opposed to the same poles in the act of rotation, 
must, by the laws of magneto-electric induction, induce corresponding 
opposite electric currents in the copper wire if the circuit be complete, by 
the immersion of the points at the moment of their passage. The points 
are so arranged, that, standing nearly at right angles to the revolving bar, 
they just rise from the mercury as its ends become opposed to the poles 
of the magnet, and the circuit being thus suddenly broken at the moment 
of the electric wave, the current passes in the form of a brilliant spark. - 

“This figure represents a section of Mr. Saxton’s magneto-electrical 
machine. A B is the horse-shoe magnet. o D the armature of soft iron, 
standing in a transverse direction to the poles of the magnet. & F is the 
spindle upon which it revolves by means of the multiplying wheels, E G. 
handi are the metallic wheel and points by which connexion is made and 
‘broken between the mercury cup, kK, and the ends of the coils of wire 
round the armature, c D. 
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“By means of this magneto-electrical machine, all the well-known 
effects of voltaic. currents may be very commodiously produced. When 


rey” 
at 


346 | MAGNETO-ELECTRICITY. 


the communication is made between the spindle and the revolving disc by 
means of a fine platinum wire instead of the dipping points, the wire may 
be maintained at a red heat; although the effect being produced by alter- 
nating currents in opposite directions, a kind of pulsation, or intermission 
of the light, may be discerned. Upon making the communication 
between the two mercury cups by means of copper cylinders grasped in 
the hands, a continued painful contraction of the muscles of the arms 
takes place, which destroys voluntary motion, and, under certain circum- 
stances, is perfectly intolerable. If the currents be transmitted into liquid 
electrolytes by means of platinum electrodes, they are readily decomposed ; 
but in consequence of the alternate reversal of their direction, the antons 
and cations are mixed together. This, however, may be avoided, by 
turning up one of the points of the axis, when one of the currents will be 
cut off, and half the power destroyed, but the usual results of polar 
decomposition will be obtained. The amount of decomposition in this, 
as in all other cases, is in proportion to the quantity of electricity which 
circulates. By means of an electro-magnet and a constant battery, which 
was capable of decomposing water by the primary current at the rate of 
eleven cubic inches of the mixed gases per minute, four cubic inches 
have been obtained in the same time by this secondary force.” 

From the manner in which a magnet in motion induces an electric 
current, it was presumed that the earth’s magnetism might be rendered 
subservient to the same purpose, and Mr. Faraday found that a soft iron 
cylinder, introduced into the helix, as above described, and placed in the 
direction of the dipping needle, occasioned a deviation in the galvano- 
meter; he even found that in a wire, or helix, moved at right angles to 
the dipping needle, so as to cut the magnetic curves of the earth, an 
electric current, sensible to the galvanometer, was induced; and that the 
rotation of a copper globe, or of a plate placed at right angles to the dip, 
produced the same effect; hence he concludes that the conducting matters 
of the earth’s crust may be similarly affected by its diurnal revolutions, 
so as to induce electric currents flowing towards the poles, and suggests 
the possibility of the production of the Aurora, by returning electric 
currents from the poles into the atmosphere. 7 

I must here bring to a conclusion this brief outline of electricity, 
and of the extraordinary phenomena arising out of it, such as the attrac- 
tions and repulsions of masses of matter, chemical affinity, heat, light, 
and magnetism: how these attributes of matter are connected, or what is 
the true nature of their mutual dependence, are questions for future 
decision, when probably the whole subject will be simplified by referring 


them to one ultimate cause, in which it is not improbable that even gra- 


vitation may itself be included. From what has already been attained in 
this branch of science, some anticipations may be fairly formed of its 
probable progress hereafter; and if, among these, we admit the possibility 
of a more unlimited command than we at present possess over the pro- 
duction or extrication of this extraordinary agent, our speculations would 
assume a very extensive and interesting aspect; its mechanical and 
chemical powers would be perpetually called into action; the former as 
a substitute for steam, wind, and water; and the latter for the more 
sluggish or circuitous and difficult methods of ordinary decomposition ; its 
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0 application to the evolution of oxygen and hydrogen from water, 
1 alone work wonders; and even as adirect source of heat and light, 


plications and uses would be gigantic and endless; whilst the facility Fal 
s conveyance and transmission, its ubiquity, and its varied attributes 
in those different states which we, for want of more explicit knowledge se 


_ of their cause, have termed quantify and tension, seem to point it out as 


_ of unlimited application to human uses. es 
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CHAPTER V. 


OF SIMPLE SUBSTANCES. 


Unper the term simple or elementary substances, we include all those. 
bodies which have hitherto resisted decomposition, or resolution into 
simpler forms of matter; and although it may be presumed that some,vor 
perhaps many of them, are in reality compounds, and that they will be 
proved to be so, as science advances, and our means of investigation are 
extended and improved, yet in the present state of our knowledge, in 
which experiment and not hypothesis is resorted to as the ultimate test, 
these substances, numerous and varied as they are, have afforded no 
satisfactory indications of their compound nature, and must, therefore, 
be considered not as undecomposable but as undecomposed. These sub- 
stances, amounting to fifty-five in number, are alphabetically enumerated 
in the following table, and their equivalents and the abbreviations, or 
symbols by which they are represented in this work, are annexed. 


SIMPLE SUBSTANCES. 


; Equiv. Symbol. Equiv. Symbol. 
1. Alumium . . 26 ai. 29. Mercury . =. 200 hg. 
2. Antimony. : 65 ans 30. Molybdenum . 48 mol. | 
3. Arsenic : - 38 ar. 31. Nickel . ° . 28 mie; Ve 
AsBarain eg 6 26) ODED; 32. Nitrogen... 14 on 
5. Bismuth F a eegntet ee 33. Osmium : . 100 0s. 
6. Boron : ' ll Je 34. Oxygen . : 8 Oo. 
7. Bromine : - 78° bn 35. Palladium . - 54 pal. 
8. Cadmium . ; 56 cad.c¢ 36. Phosphorus : 16 p. 
9. Calcium : . 20 cal. 37. Platinum 7 . 99 pla.re 
10. Carbon . : 6 care 38. Potassium ; 40 -pe. K 
11. Cerium : oS Ces 39. Rhodium . - 52 rh 


12. Chlorine . ‘ 36 er C 
13. Chromium . . 28 chr 
14. Cobalt . : 30 6000p 
15. Columbium . . 185 608. 
16. Copper. ‘ 32 CU. 
17. Fluorine : Sy ea 

18. Glucinum . ; 18 gl. 

19. Gold. : - 200 au. 
20. Hydrogen . : 1h: 

21. Iodine . : 126 2. 

22. Indium rr  . 96 2. 

3. meen «tees > Hagia ze, 


40. Selenium . ‘ 40 Sé. 
41. Silicium : » 28 se 
42. Silver - - 108 ag. 


44, Strontium . : 44 str. Sy 
45. Sulphur ; “1645 82 

46. Tellurium : 32 tel. 
47, Thorium : 60-2 tke 

48. Tin’. ‘ J 58 Sta. 
49. Titanium . ) Og enae 

50. Tungsten. . 100 CU. 


24. Lantanum P lan. 
2. Lead . . . 104 phy) | 53. Yttrium . . @ yf. 
Boeanthiim: ve, ©, 8 li. 54. Zinc ¢) a Oo eee 


27. Magnesium . +. 12 Magi 55, Zirconium . . 22 er 
28. Manganese . 28 mane} 


51. Vanadium . - 68 Va. 3 
52. Uranium . .. aig urnmtiAg 


7. 


43. Sodium . . 24 sea -¥ : 
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The preceding list admits of an easy, obvious, and useful division, into’ 


substances which are, and which are not metallic, and there are general 
analogies among the metals which enable us to subdivide them into 
classes; but with respect to the non-metallic bodies, the subdivision is 
more difficult, and the principles of classification usually applied to them 
are, in many respects, objectionable. If their arrangement be founded 
either upon their general electrical or chemical relations, as, for instance, 
into electro-negative and electro-positive bodies (anions and cations), or 
into supporters of combustion and combustibles, or into acidifying and 
acidifiable substances, difficulties occur in the details, which are of great 
practical inconvenience; for the electrical arrangement brings together 
substances extremely dissimilar in their chemical characters, such, for 
instance, as oxygen and sulphur, both of which are electro-negative bodies, 


or anions; and the chemical arrangement leads us at one time to class _ 


oxygen with sulphur, both being supporters of combustion; and at another 


to separate them, in consequence of oxygen being eminently a supporter » 


of combustion, and sulphur as eminently a combustible. - Again, in regard 
to the terms acidifying and acidifiable; oxygen and chlorine are included 
among the former, and hydrogen and sulphur among the latter; yet 
oxygen and chlorine combine with each other to form acids, and neither 
of them being, in any sense of the term, combustible, it is difficult to say 
which is the acidifying and which the acidifiable element: the compound 
of hydrogen and sulphur is also acid, yet both hydrogen and sulphur 
are combustible, and hydrogen is acidifiable in respect to chlorine, as 
sulphur is in respect to oxygen. In all these arrangements, too, nitrogen 
stands out (regarding it as elementary), as an obstinate exception; it is 
acidifiable by oxygen, but it is alkalifiable by hydrogen; it is neither 
combustible, nor is it in any case a supporter of combustion; and its 


electro-chemical relations are doubtful: indeed the distinction between. 


some of these bodies and the metals is not in all cases very definite: there 
are strong analogies between arsenic, and selenium, and sulphur, so that 
Berzelius actually arranges selenium with the metals; and some forms of 
carbon approach so closely in their characters to those of a metal, that 
Dobereiner speaks of carbonium as a metal. Under all these difficulties, 
many writers have rejected the electrical and chemical analogies of the 
unmetallic elements as the basis of their classification, and have arranged 
them, in reference to their supposed importance as chemical agents, and 
to convenience of discussion: Berzelius divides them, generally, into 
oxygen, which he places by itself as a supporter of combustion, and into 
inflammable substances, in which he includes all the other elements; and 


then, adverting particularly to the unmetallic substances, he subdivides 


them into three classes, namely,—1. Permanently elastic or gaseous bodies 
(Gazolyta): oxygen, hydrogen, nitrogen. Qndly. Metalloids: sulphur, 
phosphorus, carbon, boron, and silicon. ardly. Salifying substances, 
(Halogenia): chlorine, fluorine, iodine, bromine. Almost all agree in 
placing oxygen at the head of the list; but scarcely any systematic writers 
concur in the order in which they describe the remaining unmetallic 
elements; except, indeed, that they usually place hydrogen after oxygen. 
But the most important difference amongst them is, in what relates to the 
compound substances, some describing them along with, or immediately 


a 
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after, their respective elements: and others giving the abstract history of 


each element separately, and then referring to their mutual combinations. 
It would be useless to point out in detail the objections which may be 
made to each systematic arrangement, for, after all, that will be preferable 
which is best calculated to guide and assist the student in the acquisition 


of the leading facts and doctrines of the science, and which is, at the same — 


time, most convenient for reference. Under these circumstances I have 


retained, with such modifications as the progress of chemistry has rendered 


necessary, the general plan adopted in the former editions of this work. 
Oxygen, and the bodies associated with it in many of their electrical and 
chemical habitudes, stand first on the list (the Halogenia of Berzelius) ; 
and these are succeeded by the inflammable and acidifiable bases; but I 
have not thought it advisable, for reasons just mentioned, to divide them, 
as formerly, into two classes: they will be described, therefore, in the 
following order: 


1. OxyGEn. 

2. CHLORINE, and its combinations with oxygen. 

3. Iopinx, and its combinations with oxygen and chlorine. 

4. Bromine, and its combinations with the three preceding substances. 
5. Fivorine, and its combinations with the four preceding substances. 
6. Hyprocen, and its combinations with the five preceding substances. 
7. NirrocEn, and its combinations with the six preceding substances. 
8. SuLpnur, and its combinations with the seven preceding substances. 
9. SELENIUM, and its combinations with the eight preceding substances. 
10. PuospHorus, and its combinations with the nine preceding substances, 
1]. Carson, and its combinations with the ten preceding substances. 

12. Boron, and its combinations with the eleven preceding substances. 


Arranging these substances according to their analogies, as pointed out 
by Berzelius, they would stand as follows, but such arrangement, if here 
adopted, would, I think, be less convenient in its details than that which 
I have proposed. | 


GazoLyTESs. HALoceEns. METALLOIDS. 
Oxygen. Chlorine. Sulphur. 
* Hydrogen. Todine. Selenium. 
Nitrogen. Bromine. Phosphorus. 
Fluorine. Carbon. 
Boron. 
Silicon*. 


I have not here separately enumerated the compounds, as they will 
be found in the table of contents, by reference to which it will also be 
seen that the same general plan is adopted in respect to the metals, the 
principle on which they are classified being stated in the preliminary 
observations on their general properties. ; | 

The origin of the names by which the simple substances are distin- 
guished, will be found under their individual history, but it will be neces- 


“ Thave retained Silicon, or Silictum, | compounds, such as glass, artificial gems, 
among the metals for the convenience | and coloured glasses, in which the metals 
which such arrangement affords in de- | and their oxides are so essentially con- 
scribing some of its most important | cerned. | . 
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sary here to advert to the. general principles of aromenclatise applied to 
their mutual combinations. 

All the combinations of oxygen, chlorine, iodine, bromine, A fluorine, 
with the inflammables and the metals which are not acid, are called 
oxides, chlorides, iodides, bromides, and fluorides: the combinations of the 
inflammable substances with each other, and with the metals, are distin- 
guished by the termination uret, as sulphuret, phosphuret, &c., and in 
some cases the combinations of certain metals with each other are similarly 
designated: thus we speak of arseniurets, tellurets, and antimoniurets. 

_ The different proportions of oxygen in the oxides are distinguished by 
a prefix derived from the Latin or Greek numerals; thus we have prot- 
oxide, deutoxide or binoxide, tritoxide or teroxide, for the first, second, 
and third stages of oxidizement; and the highest degree of oxidizement is 
termed peroxide; when the proportions of oxygen in an oxide are as 1 to 
13, or intermediate between the protoxide and deutoxide, the compound 
is termed a sesqui-oxide. If the oxide is so constituted as to contain 2 
atoms of base, and ] of oxygen, it is then termed a suboxide, or, more 
definitely, a ae The same distinctive nomenclature is applied to the 
chlorides, iodides, sulphurets, phosphurets, &c. _ 

The names of the acid compounds of oxygen are derived from their 
bases, and where there is only one, it is usually designated by the termi- 
nation zc, as Carbonic acid, Boric acid, Cyanic acid, &c.; where there 
are two acids of the same base and oxygen, that containing the smallest 
proportion of oxygen is distinguished by the termination ows, and that 
containing the larger proportion by the termination ic; as arsenious and 
‘arsenic acid: where there are more than two acid compounds of the same 
base, more complicated terms are requisite, of which the nomenclature of 
the acids of sulphur forms a good example; these are four in number, and 
are termed—1. hyposulphurous acid; 2. sulphurows acid ; 3. hyposulphuric 
acid; 4. sulphurze acid; and occasionally the acid containing the maximum 
of oxygen is further distinguished by the prefix per or ory: thus we 
sometimes use the terms oxychloric acid, permanganic acid, &c. The saline 
combinations of the acids ending in ows are distinguished by the termina- 
tion ite, and of those ending in ic, by the termination afe: thus we have 
a hyposulphzée, a sulphite, a hyposulphate, and a sulphate of potassa, &c., 
and where the acid and base unite in more than one proportion, a distinc- 
tion similar to that applied to the oxides is resorted to; thus the compound 
of one atom of potassa and two of sulphuric acid isa bisulphate of potassa: 
that of two atoms of oxide of lead and one of nitric acid, a dinitrate of 
lead: these are also sometimes called supersulphate of potassa, and sub- 
nitrate of lead; but the preceding terms are more definite. Lastly, the 
same acid occasionally forms distinct compounds with the protoxide and 
peroxide of the same metal, forming protosalts and persalts. Thus we 
have a protosulphate and a persulphate of iron, &c. Other more complex 
cases of nomenclature occasionally arise out of the preceding, which, 
however, will be sufficiently intelligible when they occur, by reference to 
the context. 

CurmicaL SymMbois.—It may now be necessary to say a few words 
respecting the symbols contained in the preceding table, and the formule 
in which they will occasionally be used. It is obvious that they repre- 
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sent the equivalents or atoms of the elements; thus 2+ 0 signifies 
1 equivalent or atom of nitrogen = 14, and 1 of oxygen =8, the sign +. 
implying combination; or they may be written either in brackets, thus 
(2+ 0), or a line is drawn over them, thus, 72+ 0. The number attached 
to either symbol indicates the number of atoms of either element in the 
compound; nitric acid, for instance, is a compound of | atom of nitrogen, 
and 5 atoms of oxygen, and is, therefore, thus written (1+ 50). Potassa 
is a compound of single atoms of potassium and oxygen, and is therefore 
simply represented by (P0+0). Sulphuric acid consists of 1 atom of 
sulphur = 16 in combination with 3 atoms of oxygen (8 x 3) — 24, and is 
represented by ($+ 30). . Sulphate of potassa is composed of 1 atom of 
potassa —48, and 1] atom of sulphuric acid =40, and would therefore be — 
written in symbols thus (PO0+0)+(S-+ 30). In this case the proximate 
elements of the salt are sufficiently distinguished: but if the object were to 
express merely its udtéimate elements these would be written PO+4S$+ 40. 
A number on the outside of the bracket indicates the number of the atoms 
or equivalents of the compound within it: thus, bisulphate of potassa, 
composed of ] equivalent of potassa and 2 of sulphuric acid, is represented 
by ( po +0)+ 2($+ 30). In regard to water, the salifiable oxides, and 
the acids, it is often convenient to have symbols representing the com- 
pound, without reference to its elements, and I shall accordingly, for this 
purpose, represent the alkalis and salifiable protoxides by capital initials; 
the common acids by an acute accent over the initial of the base; the per- 
acids by two acute accents; and the subacids by a grave accent; the latter 
with the addition of a line underneath may indicate the hypoacids. Water 
may be represented by the letter Y, from aqua. The following table 
shows a few of the applications of these abbreviations, or compound sym- 
bols, as opposed to the more circuitous instances of elementary symbols. - 


Atomic Symbol. Abbreviation 
Nyatotame os, 8 cok (A+ OF) FU re ore q 
OAD iti ke nits. Ss an pot OD ae enka re 


Soda. 60. 4 i) wy (S040) 8 
Baryia . >.) © Sees 0) B 
Oxide of Lead... . . (pl+o) Pr 
Hyposulphurous Acid .. (25+20) s 
Sulphurous Acid . . . (S+20) Ss 
Hyposulphuric Acid. . (28450) . ... §' 
Sulphuric Acid/g 2} oi «<(8+20) 4-0 ee 


Sulphate of Potassa . . ($+30)+(p0+0) (s'+P): 
Hydrated Potassa . . (po+0)+(h+0) (P+q) 
Nitrate of Lead . . . (M+50)+(pl+0)  (”’+Px) 
Carbonate of Ammonia . (car +20)+ (n+sh)_ (Car +A) — 


In these and the preceding symbols, I have availed myself, with 
some. slight changes, of the principles suggested by Mr. Whewell, 
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(Journal of Royal Institution, I., 437). The symbols of the elementary 
substances, used by Berzelius, differ but little from those which I have 
adopted, and I have followed him in employing the initial letters of 
their ordinary Latin names: with this difference only, that he represents 
_ potassium, sodium, and antimony, by the initials K. Na. and Sb. (kalium, 
natrium, and stibium), instead of po, so, and an. In other respects, how- 
ever, I have found it necessary to introduce some deviations, or rather 
_ to reject partsof his method. Berzelius indicates the atoms of oxygen by 
dots placed over the symbol; thus, instead of writing (+ 50) for nitric 


acid, he uses the abbreviation N. In like manner he denotes the com- 
pounds of sulphur by commas; thus, sulphuretted hydrogen (S+h) he 


9 
writes H; and where he wishes to represent two equivalents of an 
element, they are denoted by a dash through or under its symbol; thus 
H or H, indicates 2 atoms of hydrogen. The vegetable and animal acids 
he abbreviates by using the first letter of their name with a dash over it, 
thus T C F are the tartaric, citric, and formic acids. He also often omits 
the sign +, and writes the combined elements side by side, the sign of 


addition being understood: thus he writes nitrate of baryta, Ba 'N 


instead of Ba+N. Lastly, he denotes two or more equivalents of one 
constituent of a compound, by numbers placed in the same position as the 
indices of powers in Algebra; thus N H® is the same as (%+ s/f). My 
chief reason for modifying these abbreviations in the way which I have 
above proposed, is to avoid the obscurity in which they are frequently 
involved, and the facility with-which they become perplexed by imper- 
fect printing, or errors of the press. It must, however, be confessed that 
in many cases, the representation of the atoms of oxygen by dots above 
the basic symbol is convenient. 

It may perhaps be objected to the abbreviated symbols which I have 
suggested that they do not carry with them explicit indications of atomic 
composition: that xztric acid for instance is more completely represented 


by N than by 22’, and phosphoric acid by P than by p’, but this can only 
affect the casual reader, and for such, the system of symbols is scarcely 
profitable in any form. 
The great use of symbols is visibly as it were to present the elements 
of compounds, so that all their possible combinations may be traced with 
comparative facility, and their less obvious relations detected. They also 
facilitate the complex computations required in reference to the atomic 
constitution of various organic compounds, and often enable the teacher 
to present the student, at one view, with details which, in the ordinary 
mode of proceeding, would be verbose and complex. Thus the conversion 
by heat of 1 atom of nitrate of ammonia into 2 of protoxide of nitrogen, 


and 3 of water, is thus concisely represented: 
Nitric Acid. Ammonia, Nitrous protoxide. Water. 


(N+ 50)+(N+ 3h) produce 2(%+0) and 3 (h+0): or, taking the 

ultimate elements of nitrate of ammonia as 27+ 50+ sh, they form 2 (” 

+0) + 3: and of such applications many instances will afterwards occur. _ 
2A ; 


PNEUMATIC APPARATUS. 


az Pneumatic Apparatus.—Of the simple substances which we are about 


to examine, four are known to us in the gaseous state, and amongst their 


combinations there are many which also assume that form ; so a it will be 
necessary before we enter upon their history, to say a few words respecting 


aa | — , 


the apparatus by which gascous bodies are procured and examined. The — 


hydro-pneumatic apparatus consists of a japanned iron or popbet Bae 
of different shape and size according to the particular Pe i Wee 
it is intended, and containing a shelf perforated with ae thi oug * ic 
the gas may pass into inverted vessels properly placed for its reception. 


208 


In this wood-cut, a is the water-trough; BB, inverted 
glasses for the reception of gas; o, a wrought-iron tube, 
placed in a pan of charcoal, for the evolution of gases 
requiring a red heat; p, a retort heated by the spirit lamp BE. 


which large vessels are 


or transferring gases, the 
annexed form of the ap- 
paratus (fig. 209) is most 


placed in a wooden frame 
or stand a; ithasa deep 
part at 6, and a shallow 


verted jar may be placed 
over a groove, as at c. 
Vessels of various 
forms are employed for 
receiving, retaining, and 
measuring gases. Where 
it is intended to introduce 


different substances into 


S 


the form represented in figure 209, drawn into a neck with a glass-stopper 
at top, and open at bottom. Some of these should be graduated into 
cubic inches, and supplied with a stop-cock, as in figure 21]. For 


For experiments, in| 


employed for collecting | 


convenient: the trough is . 


shelf, upon which the in- - 


the gas, they may be of 3 


measuring small quantities of gases, tubes are employed, some of which — 


P 
4 
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should be divided into 100 equal parts, oleesatad tenths and hundredths 
of a cubical inch, as in figures 212. and 213. 7 
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Where large quantities of gases are required to be collected and pre- 
served, we employ gasholders and gasometers. The annexed cut (fig. 214) 
represents Mr. Pepys’s improved gasholder, made of japanned iron, or 


what is preferable, of copper. It consists of a body or reservoir a, which 
may hold from two to six or eight gallons: 


6, is a cistern from which issue two tubes, 
supplied with stop-cocks, one entering the 
reservoir at its upper part, the other con- 
tinued, as shown by the dotted lines, to 
near the bottom: c, is a short tube issuing 
from the bottom of the reservoir, and capa- 
ble of being accurately closed by a screw. 
d,isa glass tube communicating at both 
ends with the body of the gasholder. When 
it is intended to fill this apparatus with 
gas, the tube ¢ is closed, and the stop- 
cocks, é, f, are opened; water is then 
poured into the cistern, which, running 
down the long tube e, forces the air out 
through the shorter one f. The reservoir 
being thus filled, the stop-cocks are closed, 
and the aperture c is opened, into which 
the beak of the retort, or tube, whence the gas issues, is introduced, 
and, bubbling up, displaces the water which runs out at the same opening. 
When it is seen in the tube, d, that nearly the whole of the water is 
displaced, the aperture c is closed; the vesselis now filled with gas, which 
may either be drawn off into receivers, placed in the cistern 6, by 
opening the two stop-cocks e, f; or by closing the stop-cock f, and open- 
ing g, it may be propelled into bladders, or transferred in any convenient 
way by an attached tube. | 
_ A-view and section of the gasometer are shown in the following sketches 
(figs. 215, 216): it may be made of japanned iron or copper. aa,is the 
outer circular vessel, or pail, to the sides of which the tubes d, e, (each fitted 
with a stop-cock externally,) are soldered. The tube d passes along the 
2A2 
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bottom of the pail, and proceeds to the centre, where it joins the tube e, 
which commences at the top of the pail at the cock e, and proceeds down- 
wards; and, from the place of junction, the upright tube g rises through 
the middle of the pail, a little above the level of its upper rim. The vessel 


6 isa cylinder open only at the bottom, and of less diameter than the 


pail in which it is inverted, and can move up and down freely. This 
cylinder has a solid stem c, which passes through a hole in the cross-bar 
of the frame fixed to the top of the pail; it serves to steady the cylinder, 
and to indicate the quantity of the enclosed gas; the weight of the 
cylinder is counterpoised in any convenient way; generally by a weight 
and chord passing over the pulley f. 
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To use this gasometer, first let the cylinder fall to the bottom of the 
pail, and fill the latter with water; then shut the cock e, and open d, and 
connect with it the tube which conveys the gas from the retort, gasholder, 
or other vessel; or, if more convenient, shut d, and convey the gas 
through e. The gas rises, and gradually lifts up the cylinder, which 


must be properly balanced: and when sufficiently filled, the cock, by 


which it entered, must be closed. The gas may now be drawn off at 


ange 


either of the stop-cocks, by a tube passing into the water-trough, or it - ; 


may be propelled through a blow-pipe, or otherwise employed. 


a 
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Those gases which are absorbed by water, may, in most instances, be 
collected over mercury. The best form of the Mercurio-pneumatic 
apparatus is that contrived by Newman (Quarterly Journal, vol. i., 
p- 185). It is a trough of cast-iron, supported by brass or iron legs, and 
having a small gasometer at one end. It is placed in a japanned iron 
tray to collect the scattered mercury, as shown in the wood-cut (fig. 217). 


a is the shallow, 6 the deeper part, of the trough; c is a small mercurial 
gasometer connected with it, filled from the bottom through the small 
basin of mercury at d; e isa sliding stand fora lamp, fa detonating tube, 
screwed into a spring support. It frequently happens that a mercurial 
pneumatic trough, upon a much smaller scale than the above, is sufficient 
for mere experiments of research; and, in that case, it is either made of 
cast-iron or of wood, being hollowed out of a block of mahogany. The 
chemical lecturer may in many instances altogether dispense with the 
trouble and expense of a mercurial-bath, by availing himself of the 
method of collecting gases in dry glass vessels, as described at page 366; 
especially when he requires very large jars or bottles to be filled with 
gas, and at the same time kept dry, but where a small admixture of 
atmospheric air is unimportant. 
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Turs elementary body was discovered by Priestley on the Ist of 
August, 1774; he called it dephlogisticated air; it was termed empy- 
real air by Scheele, and vital air by Condorcet. The name oxygen, was 
given to it by the French nomenclaturists, implying its tendency to form 
acid compounds (from o€vs, acid, and yevvety, to generate). It is more 
abundantly diffused throughout nature than any of the other elementary 
bodies; it forms eight-ninths of the weight of water, about one-fifth of 
the weight of the atmosphere, and a large relative proportion of the 
mineral bodies which form the solid matter of the globe. It also forms, 
with scarcely one exception, an element of the various products of 
organized bodies both animal and vegetable. 

Oxygen gas may be procured by a variety of processes, of which 
those only in common use will be noticed here, and others adverted to in 
their proper places. 


To obtain oxygen in the purest state, proceed as follows: introduce 


into a small glass retort (as shown at p, fig. 208,) about’ 100 grains of 
the salt called chlorate of potassa, and gradually heat it over a gentle 
charcoal fire, or by means of a large spirit-lamp, having previously 
placed the beak of the retort under the shelf of the hydro-pneumatic 
apparatus. Suffer the common air of the retort to escape, and when 
the salt fuses and appears to boil, collect the oxygen which it then gives 
out in proper vessels, taking care so to adjust the heat as to cause the 
gradual decomposition of the salt, and occasion the air-bubbles to follow 
each other with moderate rapidity, especially towards the end of the 
process, when a torrent of gas is apt to be rather suddenly evolved, in 
consequence of the formation of a portion of perchlorate of potassa, 
which is decomposed at that period. At last, the heat may be so far 
increased as to render the bottom of the retort red-hot, being careful, 
however, not to fuse it; when gas ceases to be evolved, withdraw the retort 
and put it aside: it is seldom fit for a second operation. From 100 grains 
of the chlorate, we may expect to obtain nearly 100 cubic inches of gas. 
Another substance from which oxygen may 
be obtained, at a cheaper rate, is black oxide 
of manganese, but the gas is not perfectly pure, 


of the oxide is very variable. A pound should 


troy, will give 1 ounce, or 1387 cubic inches. 
—Tuomson. 1 ounce yields, if quite pure, 128 


four-fifths filled with it, and placed with its 
proper connecting tubes, in a convenient fur- 
nace or fire-place. These bottles should be 
2 made of wrought-iron, of the shape annexed 


| cubic inches.—Turner.) The oxide of manga- 
\ nese should be powdered, dried, andintroduced _ 
om S) Into an iron gas bottle, which may be about: — 


(fig. 218), their capacity being from one to 
three pints. The connecting tube a should 


and the quantity produced from a given weight 


yield from 40 to 50 pint measures. (11 ounces 
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‘be of iron, and fitted by grinding into the neck, of the bottle; and the 
delivery tube b, which may be of pewter, with a brass or copper piece 
soldered on to it at its conical end c, should be similarly ground into the 
upper end of the connector. When these bottles are used, the joints 
may be made tight by the previous application of a little grease. : 

When the oxide of manganese becomes red-hot, the oxygen begins 
to escape by the pewter tube, which must be so bent as to pass under 
the shelf of the water apparatus. Collect some of the gas in a small 
+ jar or tube, and test it by introducing into it a slip of wood which has 
been inflamed and blown out, so that the end remains only glowing; if 
the gas be sufficiently pure, it will immediately burst into flame and burn 
: vehemently: the oxygen may then be collected for use, either in bottles, 
4 jars, gasholders, or gasometers, as required. When the gas ceases to be 

evolved, the bottle must be removed from the fire; and, when cold, 

emptied of its contents, which will be found to be an oxide of manga- 
nese, of a brown colour, containing of course less oxygen than the black, 
__ and not further decomposable by heat alone. 
7 Oxygen gas may also be obtained from a mixture of pulverised black 
oxide of manganese and sulphuric acid, in such proportions as to be about 
the thickness of cream; this mixture is put into a glass retort, and heated 
oyer an Argand lamp, the gas being collected in the usual way. This 
method is sometimes convenient where an iron retort cannot be procured; 
but it is not economical, and the ingredients are apt to harden in the 
retort, which is often broken in attempting to cleanse it. 

If perfectly pure oxygen be required, it must not only be obtained 
from chlorate of potassa, but also collected over mercury; and as it is often 
wanted in the experimental laboratory 
in very small quantities only, a tube- e ptminren-ti Eko 
retort, made of green or plate-glass, bent YL eee 
into the annexed form (fig. 219), may 219 
be conveniently used. | ) | 

It must also be recollected, in all delicate experiments with oxygen 
and other gases, that they retain, as usually procured, more or less vapour 
of water, so that to obtain them dry, it is necessary to convey them 
through tubes over substances which will abstract the watery vapour 
which they contain, without in any way affecting the purity of the gas 
itself. Oxygen may thus be dried by passing it through a long tube 
containing fragments of fused chloride of calcium: sulphuric acid, fused 
potassa, and some other substances, are occasionally used for the same 
purpose. . : 

Oxygen gas is insipid, colourless, and inodorous; it is permanently 
elastic, under all known pressures and temperatures. _ Its specific gravity, 
compared with air, is as 1-111 to 1-000. Compared with hydrogen, its 
specific gravity is = 16, hydrogen being = I. At mean temperature 
and pressure, 100 cubic inches weigh 34°60 grains: or ‘according to 
Thomson, 36°43 grains at the temperature of 382°. According to Dulong 
and Berzelius, the specific gravity of oxygen is 1:1026, and 100 cubic 
inches weigh 34°109 grains (Ann. de Chim. et Phys., xv., 3886); according : 
to Davy, its specific gravity is 1127. Its refractive power, in regard to 
light, is less than that of any known body: compared in this respect with 
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atmospheric air, it is as 0°830 to 1000. According to De la Roche and : 


Berard, its specific heat, compared with an equal volume of air, is = 0°9765, 


and with an equal weight of air, — 0°8848, that of air being = 1-000. R 
It is evolved by electrolytic action at the positive pole or anode, and 


therefore stands among the anions, as defined by Faraday, (p. 307: and 
figs. 163 and 164.) : 

When powerfully compressed by the sudden depression of a piston in : 
a glass tube, oxygen appears to become momentarily luminous, a property _ 
which has been considered as one of its characteristics. Thenard, how- 
ever, has shown that this appearance is connected with the presence of 
grease or oil upon the compressing piston, and that the gas, although much 
heated by sudden compression, is not of itself luminous. It is absorbed 
in very small quantity only by water: 100 cubic inches of water, freed 
from air, only taking up 3°5 cubic inches of oxygen (Henry, Phil. Trans., 
1804, p. 174). It does not alter the colour of litmus, nor does it render 
lime-water turbid. _ 

It is a powerful supporter of respiration. A small animal, confined 
in oxygen gas, lives thrice as long as when confined in the same bulk of 
common air; it has, therefore, been called vital air; but we are not 
thence to conclude that it is fit for the continuous support of life: on the 
contrary, an animal made to breathe oxygen for any length of time, falls 
a sacrifice to excess of arterial action, and after death the blood in the 
veins is found as florid as that in the arteries. ) 

Oxygen eminently supports combustion. A lighted taper, introduced 
into this gas, is very rapidly consumed, with intense ignition and enlarge- 
ment of the flame; and if it be previously blown out, so that the wick 
continues glowing (and for such experiments pieces of green wax-taper 


answer best), it immediately bursts into flame when plunged into the jar 


of oxygen. Sulphur, which burns in the air with a small blue flame, 
has its flame enlarged when immersed in a jar of oxygen, and blazes with 
a beautiful purple colour. It dissolves as it were in the oxygen, and con- 
verts it into sulphurous acid gas, which is absorbed by water. Phosphorus, 
when inflamed in the atmosphere, burns with a bright light, but in 
oxygen the eye can scarcely bear its brilliancy, and the heat which it 
evolves is very intense. A piece not larger than a pea should be used in 
the experiment. The oxygen combines with the phosphorus, and forms 
a quantity of white flaky matter, very soluble and deliquescent, which is | 
chiefly phosphoric acid. This, and the combustion of sulphur, may be 
best performed by placing them in a small copper spoon or cup, attached 
to a wire annexed to a spare stopper, or passing through a cork which fits 
the neck of the air-jar. The disadvantage of a cork is, that it is some- 
times apt itself to take fire and crack the jar. a 

One of the most brilliant instances of combustion in oxygen is the 
burning of iron wire. For this purpose the jar should be capacious, and 
placed over water in a common soup-plate; the oxygen should be very 
pure. A piece of thickish annealed iron-wire should be attached to the 
spare stopper, and loosely wound round with repeated twists of harpsi- 
chord-wire, so as to form a tangled coil, nearly the thickness of one’s 


- finger; the sulphur tip of a match should then be broken off, and affixed 


to the end of it; when this is inflamed, and the coil immersed into the 
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jar of gas, vivid combustion soon ensues: it throws off brilliant sparks, 
and partly fuses into globules of oxide iron, which fall through the water, 
‘and lie for some time red-hot upon the plate, which they often fuse at 
the point of contact. A piece of annealed watch-spring, a thin file, or 
long shavings which may be obtained from the turners of steel or iron, 
may also be used for this experiment. | 
In all these cases of combustion in oxygen gas, the sudden expansions 
which take place are apt to endanger the bell-glass, which should, there-. 
fore, be held by the hand, so as to allow the occasional escape of a little 
of the gas, and at the same time prevent its jarring upon the plate beneath. 
The results of the above, and other cases of combustion in oxygen, 
_ will be more fully detailed and explained hereafter.—(See Carson, SuL- 
_ PuuR, PaospHorus, and Iron.) It may suffice to state at present, that 
in all cases of combustion in oxygen, the combustible and the oxygen 
combine, and the product of combustion consequently manifests an in- 
crease in weight proportionate to the quantity of oxygen with which it 
has united. Acids, alkalis, earths, and oxides, will be found to be the 
result of these combinations, which are either effected slowly, and without 
the evolution of heat and light; or rapidly, with the phenomena of com- 
bustion and flame: or with intermediate rapidity, exciting considerable 
elevation of temperature, and often even a red heat, though without 
flame, as in some cases which have been already cited (p. 225). 

The terms oxidizement and oxidation imply the combination of oxygen 
with bodies; and its abstraction or separation is deoxidizement or reduction. 
All the elementary substances are susceptible of oxidizement, and most 

of them, at certain temperatures, with the evolution of heat and light; 
these are in common language termed combustible, or inflammable bodies ; 
when a substance is saturated with oxygen, it becomes incombustible ; 
that is, incapable of entering into further combination with it. Bodies 
saturated with the other supporters of combustion are also incombustible, 
hence the perchlorides, periodides, &c., come usually under that definition. 
All organic bodies are combustible. 

The phenomena of combustion were referred by Stahl and his associates 
to a peculiar principle which they called phlogiston ; it was supposed to 
exist in all combustibles, and combustion was said to depend upon its 
separation: but this explanation, though apparently supported by expe- 
rimental evidence, was at variance with the well-known fact, that bodies 
during combustion increase in weight.—See History of Chemistry, p. 39. 

After the discovery of oxygen gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of the gas was supposed to 
unite to the combustible, and the heat and light which it before contained 
in the gaseous state, were said to be evolved in the form of flame. But 
in this hypothesis several requisites are not fulfilled; the light depends 
, upon the combustible, and not upon the quantity of oxygen consumed ; 
and there are numerous instances of combustion in which oxygen, 
instead of being solidified, becomes gaseous during the operation, so that 
the theory of latent heat is insufficient; and, lastly, in others, no oxygen — 
whatever is present. Combustion, therefore, cannot be regarded as 
dependent upon any peculiar principle or form of matter, but must be 
‘considered as a general result of intense chemical action. It may be 
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powerfully act upon each other are in the opposite electrical states of 
positive and. negative; and the evolution of heat and light may depend 


connected with the electrical energies of bodies; for all bodies which % 


upon the annihilation of these opposite states, which happens whenever — 


they combine.—See the Prefatory History of Chemistry; the Section on 
Electricity; and the article Atmospheric Air. =: 


§ II. CHLORINE. 


CHLoRINE was discovered by Scheele in 1774. Consistently with his 
theoretical notions of its nature, he called it dephlogisticated muriatic 
acid.—(Mem. Acad. Stockholm, 1774, p.94.) The term oxymuriatic acid 
was afterwards applied to it by the French chemists.—(Brerruou.et, Jour. 
de Phys., p.325.) The more appropriate term chlorine, (from yNwpos, 


green,) which merely designates its greenish-yellow colour, was given to — 


it by Sir H. Davy, who, in 1810, published a masterly essay on its nature, 
in the Phil. Trans., showing that, so far from containing loosely-combined 
oxygen, as had been suspected, that element could not be proved to exist 
as one of its component parts; also that it contained no muriatic acid; 
that in all cases of the apparent evolution of oxygen and muriatic acid 
from chlorine, water was present, and was decomposed; and that, in the 
present state of our knowledge, chlorine must be regarded as an unde- 
compounded or elementary body. Its great natural source is sea-salt, or 
chloride of sodium: it also occurs in several other combinations. “a9 

To obtain chlorine, a mixture of one part by weight of coarsely-pow- 
dered black oxide of manganese and two parts of common hydrochlorie 
acid may be heated over a lamp in a glass retort. Chlorine is soon 


copiously evolved, and may be conveniently collected over warm. water; — 


it is absorbed by cold water, and cannot, therefore, be long retained over. 
that fluid; so that it should be received into bottles provided with ground 
stoppers: when these are full, the stopper, previously greased a little, 
should be introduced under water, care being taken to exclude the water 
from their interiors. In consequence of the deleterious nature of chlorine, 
its escape into the atmosphere of the laboratory should be prevented, by 
collecting the first portions which come over mixed with the. common air 
of the retort, in a jar, which may afterwards be carried away into the open 
air, or placed under achimney. The gas may be preserved for use when it 
passes over of its full colour, to judge of which, the neck of the retort should 
be kept clean; it should not be more than half filled with the materials, 
which are otherwise apt to boil over, and soil the water in the trough. 
When chlorine is required perfectly pure and free from hygrometrie 
moisture, it should be first passed through water, and afterwards con: 
ducted through a long tube containing fragments of fused chloride of 
ealcium, and ultimately into a clean dry bottle, from which it will expel 
the atmospheric air, as explained by fig. 222; it cannot be collected over 
mercury, as it immediately combines with that metal. . 
Chlorine may also be procured from a mixture of 8 parts of common > 


salt, 3 of pulverized black oxide of manganese, 4 of water, and 5 of - 


sulphuric acid: or the proportions recommended by Thenard may be 
used; viz., 4 parts of common salt, 1 part of oxide of manganese, 2 of 
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sulphuric acid, and2 of water.’ The theory of its production in these 
~~ eases will be explained afterwards——See Hydrochloric Acid, and Sulphate 
a of Soda. roy" a4 
Chlorine, at common temperatures and pressures, is a gaseous fluid; 
_ which, when perfectly dry, suffers no change by exposure to a temperature 
much below 0°; but, in its ordinary state, it generally contains aqueous 
vapour, which, at a temperature of 32°, is deposited in combination with 
_ chlorine in the form of a white crystalline compound, which liquifies, 
_ effervesces, and is again taken up by the gas, upon the application of 
heat. This hydrate of chlorine may be best obtained by introducing into a 
élean bottle of the gas a little water, and keeping it for a few days ina 
dark place, at a temperature not exceeding 32°. It then forms prismatic 
and acicular crystals, having a specific gravity of about 1:2 and com- 
_ posed, ‘according to Faraday, of 27-7 chlorine and 72°3 water, or about 
1 proportional of chlorine to 10 of water.—( Quarterly Journal, xv.) 
‘Chlorine was the first of the gases supposed to be permanently elastic 
which Mr. Faraday succeeded in condensing into the liquid state: he 
effected this by putting some of the hydrate of chlorine into a small bent 
tube, hermetically sealed, and applying a gentle heat, a yellow vapour 
formed, which condensed in the cold part of the tube into two distinct 
fluids, the uppermost and lightest of which was mere aqueous solution of 
- chlorine, but the heavier was yellow, and separable by careful distillation; 
it did not solidify at 0°.. If, when the fluids were separated, the tube 
was cut in the middle, the parts flew asunder with an explosion, the 
_ whole of the yellow portion disappeared, and gaseous chlorine was pro- 
duced. When the end of the tube in which the yellow fluid lay was 
broken under water, there was also an immediate evolution of chlorine 
gas. ‘The specific gravity of liquid chlorine is about 1°33. It is a non- 
a conductor of electricity; its refractive power is rather less than that of 
_ water.—(Phil. Trans., 1823, p. 160.) 
=. Chlorine, when dry and pure is not affected by light, 0 
: 
: 
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neither’ is it altered by exposure to very high tempera- 
tures. By means of the following apparatus, Sir H. 
Davy exposed it to the continued action of charcoal in- 
tensely ignited by voltaic electricity, without the smallest 
change in its properties. A glass globe (fig. 220), of 
about four inches diameter, has at its upper part a sliding 
wire passing air-tight through a ground collar, to the 
lower end of which is attached a piece of well-burned 
charcoal: at bottom is a stop-cock supporting a pincers, 
in which is another pointed piece of charcoal; the globe 
is exhausted upon the air-pump, filled with chlorine, and 
the stop-cock and sliding wire attached to the extremities 
of the voltaic apparatus; the charcoal points are then 
brought into contact by pushing down the upper wire, 
and they are thus retained as long as necessary in intense ignition. 
Chlorine gas is of a greenish-yellow colour, a pungent and disagreeable 
‘smell, a peculiar and somewhat astringent taste, highly irritating and 
injurious when respired, and exciting cough and great irritation of the 
lungs, and mucous secretion from the trachea and bronchie, even when 
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considerably diluted with atmospheric air. In some pulmonary com- 
plaints, the respiration of air slightly tainted by the admixture of 


chlorine has been resorted to as a stimulant: The specific gravity of 
chlorine compared with air, is, according to Gay Lussac and Thenard, 
2:470, which gives 76°59 grains as the weight of 100 cubical inches at mean 
temperature and pressure. According to Thomson, the specific gravity of 
chlorine is 2°5, and at the temperature of 32° 100 cubic inches weigh 81-975 
grains. According to Davy, 100 cubic inches weigh between 76 and 77 


grains. Its specific gravity, in reference to hydrogen, may be considered — 


as 36 to 1, (according to Berzelius 35:42, and according to Turner 35°84, 
Elements of Chemistry, fifth edit., p.230.) Chlorine is an electrolytic anion. 

At the temperature of 60°, water dissolves two volumes of chlorine. 
The solution has a specific gravity of 1-008; it is of a pale yellow colour, 
has an astringent, nauseous taste, and destroys vegetable colours: hence 
its use in bleaching: though the gas itself, when perfectly free from 
moisture, has scarcely any such action. Hence it is probable that 
the bleaching agency is due to the evolution of nascent oxygen resulting 
from the decomposition of water; and there are other compounds con- 
taining oxygen, but no chlorine, which are also bleaching agents, such as 
the peroxide of hydrogen, and manganesic and chromie acids. The 
bleaching power of dew, and sometimes of rain-water, renders it probable 
that they also contain some excess of oxygen, perhaps in the form of the 

peroxide of hydrogen. cs | 

When aqueous solution of chlorine is ex- 
posed to the direct rays of the sun; oxygen is 


the water, the hydrogen of which unftes to the 
chlorine, and forms hydrochloric-acid. The 
same change ensues more slowly in common 
day-light, but in the dark there is no such 
decomposition. As gaseous chlorine generally 
contains aqueous vapour, the bottles in which 
it is preserved should be excluded from light, 

Chlorine, and its aqueous solution, are power- 
ful antiseptics, and destroyers of contagious and 
infectious matter, and of bad odours. This pro- 


of decomposing those nocuous compounds, and 
resolving them into others which are harmless. 
For the purposes of fumigation, chlorine liberated 
from black oxide of manganese and hydrochloric 
acid, or from manganese, salt, and sulphuric 
acid, may be diffused through the atmosphere 
of the infected chambers; or the infected goods 
may be exposed to it. In the same way the 
offensive odours of dead bodies may be mitigated 
by sprinkling them with solution of chlorine. 
(Faraday, Quar. Jour., xviii., p. 92. See Chlo- 
ride of Soda, Chloride of Lime, &c.) rt 


evolved in consequence of the decomposition of 


perty depends upon the power which chlorine has 


When a burning taper is immersed in a jar’ - 
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of chlorine, the brilliancy of the flame is much impaired; it becomes red, 
throws off dense fumes and is soon extinguished. There are, however, 
many bodies, such as phosphorus and several of the metals, which 
are spontaneously ignited by chlorine, and burn in it with much 
brilliancy. In these cases, binary compounds result, some of which, 
like those of oxygen, are possessed of acid properties: others are not 
acid, and are termed chlorides. Brass or copper leaf, and powdered 


_ antimony, serve well to show the intense action of chlorine upon 
_ certain metals. When introduced into the gas, they enter into immediate 
combustion, and chloride of copper and chloride of antimony are formed. 


_ The most elegant way of making these experiments consists in introducing 


the phosphorus, or the copper leaf, into a retort (fig. 221), mounted with 
a stop-cock, and exhausted upon the air-pump; it is then screwed into 
the cap of an air-jar of chlorine, also mounted with a stop-cock, and 


_ standing over water. Upon opening the cocks, the gas rushes into the 


retort, and the phosphorus or copper leaf immediately burns. In conse- 
quence of their irregular thickness and form, retorts are frequently broken 
by the air’s pressure whilst exhausting; so that it is safe to cover them 
with a cloth during the process, to prevent the splinters being thrown 
about. A piece of bibulous paper, dipped into oil of turpentine, is also 
spontaneously inflamed when put into a jar of chlorine. 
__ The presence of chlorine is recognized by its bleaching power, by its 
odour and colour, and by its action upon solution of nitrate of silver, in 
which it occasions a white curdy precipitate, insoluble in nitric acid, but 
soluble in liquid ammonia, and speedily blackening by exposure to light, 
It is also detected by electrolytic action, as already shown (p. 308). 
Cutorine anp Oxycen.— No compound of these two elementary 


_. Substances can be obtained by their direct mutual action, for they have but 


a feeble affinity for each other, and, when combined, are easily separable. 
By presenting chlorine and oxygen, however, to each other, under certain 
conditions, they have been found to form four distinct compounds. 


1. Protoxipz or Cutorins. Hyprocntorovs Aci. (C+0), or C. 


q Tn the Phil. Trans. for 1811, Sir H. Davy has described a peculiar gas, 


to which, on account of its deep yellow-green colour, he gave the name of 


_ euchlorine. He obtained it by mixing in a small retort, 2 parts of chlo- 
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rate of potassa with 1 of water, and 1 of hydrochloric acid, and applying 
a very gentle heat, so as to cause a moderate effervescence: he collected 
it in small jars or tubes over mercury, but the best way of examining it 
is to retain it in the tube or vessel in which it is generated, or to collect 
it in a clean dry phial or jar, as described by fig. 222 at the foot of the 
next page. : 

_ This gas has a peculiar odour, like diluted chlorine, and is pernicious 
to respiration. Davy found its specific gravity to vary; he estimated it 
at about 2°4: Gay Lussac and Thenard regard it as —=3. Water dissolves 
ten volumes of this gas, and acquires its peculiar odour, and a deep yellow 
colour; it destroys most vegetable colours, previously reddening some of 
the blues. Its most remarkable character is the facility with which it 
is decomposed: when gently heated in the upper part of a small tube 
standing over mercury, a kind of explosion, attended by a flash of light, 
ensues, and the tube is projected to some distance; but if it be firmly 


OXIDE OF CHLORINE. 
_ held down in the mercury, the results of the decomposition are retained: _ 
According to Davy, 50 volumes are thus expanded to 60, consisting | 
of a mixture of 40 of chlorine and 20 of oxygen. According to Gay 
~ Lussac, 1 volume becomes by decomposition 13, composed of 1 volume of ‘J 
chlorine and 4 a volume of oxygen. According to this view, proloxide — 
of chlorine would consist of 


* 


Gay Lussac. 
Volumes. S&S. G. 
Chlorine. 1 . 36 . 81°82 10. 2°45 - 
Oxygen 3 1. “i iyselo le 05 .. 0°55 
1 
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44 100°00 | es 211) 


This gas sometimes explodes whilst it is collecting, or in being trans- 
ferred from one vessel into another, or even by the heat of the hand, so ~ 
that it should be cautiously dealt with and examined, and collected in 
small quantities only*. Detonated with hydrogen, in the proportion of : 
five measures of the gas to eight of hydrogen, it gives rise to the pro- 
duction of water and hydrochloric acid. It isdecomposed by all burning _ 
bodies, and their combustion continues as it would in a mixture of 
chlorine and oxygen in the above-mentioned proportions. A small piece _ 
of phosphorus let up into the gas instantly takes fire and absorbs it, 
burning with much brilliancy. | 
_. The experiments of Soubeiran (Ann. de Chim. et Phys., xlviii., 118) 
rendered it probable that euchlorine is not a definite compound, buta 
mixture of chlorine with the peroxide of chlorine, an opinion which some 
of Sir H. Davy’s observations appear to corroborate; at least he found 
that water resolved it into chlorine and peroxide of chlorine. Soubeiran — : 


a 

* There are certain gases 

which are absorbable by 

water, but which, being 

either heavier or lighter 

than atmospheric air, may 

with a little management be 

collected sufficiently pure 

by placing the materials for 

producing them in a flask, 

furnished with a tube of con- 

venient length, and twice ~ 

bent at right angles, so_as / 

to pass to the bottom of a — 

clean stoppered phial: the 

disengaged gas, if heavier 

than the air, displaces it; 

when it is full, it must be 
cautiously withdrawn, and 
’ stopped, and another phial 
put into its place: see the 

wood-cut (fig. 222) a. If — 

the gas thus to be collected 

is lighter than the atmo- 
sphere, the tube from the 

flask maybe straight, and _ 

‘ = pass up into an inverted 

Eery, pom ee Sy ‘phial, as at B. 
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passed it over calomel, by which its excess of chlorine was absorbed and 
peroxide of chlorine was liberated. The nonaction of this gas on ‘copper- 
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_ leaf seems, however, to justify its being considered definite, although Davy 


_ found that a mere mixture of peroxide of chlorine with chlorine did not 
_ immediately act upon copper leaf. 


Such was the extent of our information respecting the nature of this 
compound of chlorine and oxygen previous to the researches of Balard, 
who, in an elaborate paper on the nature of the bleaching combinations 
of chlorine (Ann. de Chim. et Phys., lvii., 225; and Taylor’s Scientific: 
Memoirs, i., 269) has more fullyeinvestigated its properties, and shown 
the mode of obtaining it in a pure form; he has also proposed to desig- 


hate it hypochlorous acid. THis process consists in agitating a mixture of 


one part of finely-powdered red oxide of mercury with twelve of distilled 
water, in a bottle filled with chlorine; the gas is rapidly absorbed: if the 
proportion of the oxide is insufficient the deposited powder is white, and 


_ some of the chlorine remains unabsorbed; but the oxide should be in 


slight excess, so as to remain red, and entirely absorb the gas, (6 drachms 
of red oxide mixed in fine powder, with an ounce and a half of water, and 


shaken in a quart bottle of chlorine are the proportions recommended b 


Mr. Graham.) When the absorption is complete, the contents of the bottle 
are poured upon a filter, and the filtrated liquor subjected to distillation 
im yacuo, by which a diluted solution of hypochlorous acid is obtained, 
and which may be concentrated by a second distillation. After enumerating 
the properties of this liquid or aqueous acid, M. Balard proceeds to show 
the mode of obtaining from it the pure gaseous acid: this he effected by 
throwing up into an inverted jar of mercury a small quantity of the liquid 
acid, and then passing into it, through the mercury, small fragments of 
fused nitrate of lime; this salt abstracts the water and liberates the pure 


_ hypochlorous acid in the state of a gas, a little deeper coloured than chlorine, 
_ of a strong penetrating odour, and absorbable by mercury, from the contact 


of which it is preserved in the above mode of obtaining it, by the layer of 
solution of nitrate of lime. Water dissolves many times its volume, formin 

a pale-coloured solution, similar to that originally obtained by distillation 
in vacuo. A slight elevation of temperature is sufficient to decompose this 
gas, with explosion and evolution of heat and light, so that it requires 
careful management. It is not changed by some hours’ exposure to dif- 
fused daylight, but direct solar rays decompose it ina few minutes with- 
out explosion: when mixed with hydrogen and inflamed, it detonates 


- violently, but at common temperatures the mixture remains unchanged. 


Bromine and iodine slowly decompose it; sulphur, selenium, phosphorus, 
and arsenic decompose it with sudden and violent detonation; charcoal 
also causes it to explode, apparently in consequence of the condensation 


which the gas suffers in its pores. Blotting-paper introduced into the 


gas also causes its sudden decomposition into a mixture of chlorine and 
oxygen; indigo decomposes it slowly and with more complicated changes. 
By the action of oxalic acid it forms carbonic acid, and chlorine is evolved. 
M. Balard found, by various analytical methods, that the composition of 
this hypochlorous acid gas is analogous to that of Davy’s euchlorine; that 


is, that it consists of 1 volume of chlorine and 0:5 volumes of oxygen, 


condensed into 1 volume; but he gives reasons which we shall again 
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advert to in speaking of some of the hypochlorites, for regarding the — 

equivalent of the hypochlorous acid, not as 3648-44, but as 724+]6= © 

88; that is, as consisting of 
Chlorine Oo A eee 
Oxygen .. 2 .. 16 .. 1818 


— ——— ARs 


] 88 100°00 


The aqueous solution of this acid is pale yellow; it has a_ peculiar 
penetrating odour, and an acrid but not acid taste; it attacks the cuticle 
with great energy, destroying it more rapidly than nitric acid, and com- 
municating to it a reddish-brown-colour. It decomposes at common 
temperatures, and in summer requires to be kept in ice, and in a dark 
place. In the voltaic circuit it disengages oxygen, but no chlorine at the 
positive pole: the latter, no doubt, unites to the nascent hydrogen to form 
hydrochloric acid. It is rapidly decomposed by iron-filings, but of the 
other metals there are few which have any very energetic action upon it. 
~ It is curious that, with the exception of silver, they become oxidized and 
evolve chlorine; silver, on the contrary, evolves oxygen, and combines 
with the chlorine. It converts bromine and iodine into bromic and iodic 
acids; and sulphur, phosphorus, selenium, and arsenic, into their acids, 
with the evolution of chlorine. When a concentrated solution of this 
acid is mixed with ammonia, or when a fragment of sulphate or phosphate 
of ammonia is suspended in it, drops of the explosive chloride of nitrogen 
are formed: if both solutions are concentrated, effervescence and decom- 
position ensue. . 

PreroxipE orCutorine. CatorousAcip. Hypocatoric Act. (C+ 40). 


or C, was discovered by Sir H. Davy, in 1815 (Phil. Trans., p. 214). It 
is obtained as follows:—about 50 grains of chlorate of potassa are moist- 
ened with afew drops of concentrated sulphuric acid, and rubbed together 
with a platinum spatula, till they incorporate and form a solid mass of an 
orange colour. This mass is to be introduced into a small glass retort, and 
gradually warmed in a water-bath, the temperature of which must be 
carefully kept below 212°, which may be managed by mixing alcohol with 
the water. (Or we may use a small tube, sealed at one end, as a sub- 
stitute for a retort, and fitted with a cork perforated by asmall S tube, 
: as in fig. 223, where a represents the tube, 
which should be wrapped round with a 


223 Oe little tow, in case of explosion, to prevent 
b fragments being thrown about; 6 the cork, 
: &c.) A bright yellowish-green elastic fluid 

a x 


passes off, which is rapidly absorbed by 

water, but may be collected in small tubes 
over mercury. The colour of this gas is more brilliant than that of the 
protoxide, and its odour peculiar, and unmixed with the smell of free 
chlorine. Its specific gravity, compared with air, is, according to Davy, 
as 2°360 to 1-000; theoretically 2°338; compared with hydrogen it is 
as 34 to 1, 100 cubic inches therefore should weigh, at mean tempe- 
rature and pressure, 72-012 grains. When peroxide of chlorine is 
heated to a temperature somewhat below that of boiling water, it explodes 
with much violence and the evolution of a bright light. The result of 
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ighis: decomposition is, that two volumes of ‘lie gas are expanded into 
three, two of which are oxygen, and one chlorine; the relative weights, 
therefore, of its elements, are 32 of oxygen and 36 of chlorine. It 
requires the same, and even greater precautions, in preparing and trans- 
 ferring, as the former gas*. 
dts saturated aqueous solution (containing about 7 volumes of the gas 
_ tol of water) is of a deep yellow colour, an astringent and corroding 
_ taste, and when applied to the tongue, jones for a long time a very dis- 
agreeable sensation. It destroys vegetable colours. It is absorbed 
according to Martens (Ann. C. & P., uxi. 293,) by alkaline selations, 
forming enti them a peculiar class of Mledching salts. 
q Mr. Faraday condensed this gas by enclosing the mixture of chlorate 
_ of potassa and sulphuric acid in a sealed tube, and leaving them to act 
- upon each other for twenty-four hours.. In that time there had been 
- much action; the mixture was of a dark reddish-brown, and the atmo- 
sphere within of a bright yellow colour. The mixture was then heated 
up to 100°, and the unoccupied end of the tube cooled to 0°: by degrees, — 
the mixture lost its dark colour, and an ethereal-looking liquid con- 
densed. It was not miscible with a small portion of the sulphuric 
acid which lay beneath it; but when returned on to the mass of salt 
and acid, it was gradually absorbed, rendering the mixture of a much 
deeper colour. “The peroxide of chlorine thus obtained is a very 
fluid transparent substance of a deep yellow colour. A tube contain- 
ing a portion of it in the clean end was opened at the opposite extre- 
_ mity; there was a rush of euchlorine vapour, but the salt plugged up the 
_ aperture: whilst clearing this away, the whole tube burst with a violent 
- explosion.” (Phil. Trans., 1823, p. 194.) Sir H. Davy found that, of 
_ the unmetallic combustible substances, phosphorus was the only one 
_ which spontaneously decomposed this gas: the phenomena were the same 
¥ as with the protoxide of chlorine, Two volumes, detonated with five of 
hydrogen, produce water and hydrochloric acid. When absorbed by solu- 
tion of potassa, chlorate of potassaand chloride of potassium are formed. 
According to Davy and Gay Lussac, this gas consists of 


3 Volumes. 8.G 

Pr: Chlorine aak 36 520 eee 0 L 2°45 
J Oxygen . 4 32 47-1 2 2°22 
f Peroxide of chlorine 1 68 100°0 2 2:33 


e@@ 


Cutorie Actp (C +50) or C’, or C.—In the compound which has 
_ been thus called by its discoverer, M. Gay Lussac (Annales de Chimie, 


* For the purpose of illustration, in 


lectures, this gas may be conveniently 
_ obtained by putting a few grains of chlo- 
rate of potassa into the bottom of a tall 


narrow tube or jar (half an inch diameter 
and about twelve high), standing upon a 
foot, and carefully dropping in upon the 
salt, so as not to soil the sides of the 
tube, a little sulphuric acid: the peroxide 


_ of chlorine is immediately evolved (pro- 
_ vided no explosion ensues), and its 


weight causes it to expel the superin- 
cumbent air and fill the tube, from which, 
with a little management, it may be de- | 
canted into a tall glass containing copper- 
leaf, upon which it exerts no action ; but 
a hot wire, dipped into the gas, causes 
it immediately to explode, and the metal 
then burns in the mixed oxygen and 
chlorine. <A little jet of nitric oxide 
thrown in, produces the same effect, 
without explosion. 
2B 
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some base, and, therefore, its properties in the dry or anhydrous state are _ 


not known. 

Chloric acid may be prepared by passing a current of chlorine through 
a mixture of oxide of silver and water. Chloride of silver is produced, 
which is insoluble, and may be separated by filtration. ‘The excess of 


chlorine, which the filtered liquor contains, is separable by heat, and the 


chloric acid dissolved in water remains. Chloric acid may also be ob- 
tained by adding dilute sulphuric acid to a solution of chlorate of baryta, 
as long as it occasions a precipitate. The baryta is thus separated in the 


form of an insoluble sulphate, and the chloric acid remains in aqueous _ 


solution. Care must be taken to add no more sulphuric acid than is 
requisite; for any excess contaminates the chloric acid. If the exact 
proportion has been used, the chloric acid is neither rendered turbid by 
dilute sulphuric acid nor by chlorate of baryta. If either of these ocea- 
sion a precipitate, they must be carefully added till the effect ceases; the 
clear liquid may then be decanted or filtered off. It may be concentrated 
by cautious evaporation. 

Chloric acid is a sour liquid, and of a yellowish tint when highly con- 
centrated. It forms no precipitate in any metallic solution. It reddens 
vegetable blues, but has no bleaching power. When added to a strong 
solution of potassa, crystals of chlorate of potassa are deposited. When 
concentrated, it acts powerfully, and even to ignition, upon paper, and 
some other dry organic bodies; it decomposes alcohol, with the formation 
of acetic acid. The most remarkable of its salts, which are now termed 
Chlorates, were formerly known under the name of Oxymuriates. When 
distilled at a high heat, it suffers a partial decomposition, and a portion 
of chlorine and oxygen are liberated. It is decomposed by hydrochloric 
and sulphurous acids, and by sulphuretted hydrogen; but those acids 
which are already saturated with oxygen do not act upon it. Its decom- 
position by hydrochloric acid is attended with the evolution of chlorine 


and the formation of water; by sulphurous acid, with ‘the evolution of — 


chlorine and the production of sulphuric acid; and by sulphuretted hy- 
drogen, with the separation of chlorine and sulphur and the formation of 
water.—(See Chlorate of Potassa.) Chloric acid consists of 


Chenevix. Gay Lussac. Volumes. 


Chlorine Lot... 86992 a7 4 sh Sb Oe ee 
Oxygen cise sas 40 RS ORC eee Oba es OO aes 
Chloric acid . 1 76 100°0 100 100°0 


PERcHLORIC, OxYcHLORIc, oR Hyprrcutoric Acip, (€ + 70) or C”, 


or C, was discovered by Count Stadion (Ann. de Chimie et Phys., viii.): it — 


is procured by distilling perchlorate of potassa with its own weight of — 


sulphuric acid, diluted with about a fourth part of water. At a tempe- 


rature of about 280°, white vapours pass off, which condense in the form 


of acolourless liquid. It is a very stable compound, not decomposed by 


sulphuric or hydrochloric acid; nor by alcohol or organic bodies. When ~ 


concentrated, its specific gravity is 1-6, and it boils at 392°. By distilla- 
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 tio& with strong sulphuric acid it may be obtained in the solid form and 
_erystallized; in this state it hisses when thrown into water. (Gay 


Lussac. Seruntuas. Mirscuernicu. Ann. de Chim. et Phys,, viii., ix., 
XLvi., and xLix.) It consists of | 


Volumes. 
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Perchloric acid 92 160°0 


§ III. IODINE. 


- Jopinz was discovered in 1812 by M. Courtois, a chemical manufac- 
turer at Paris. Wauquelin (Ann. de Chim., xc.), Gay Lussac (Lbid., 
LXXXVili., xc., and xci.), and Davy (Phil. Trans., 1814), have fully 
examined its properties. . 

Iodine is chiefly prepared at Glasgow from kelp, which is the fused 
ash obtained by burning sea-weeds, and is principally manufactured on 
the west coast of Ireland, and the western islands of Scotland. The 
long stems of the Fucus palmatus are most productive of iodine. “A 
high temperature in the preparation of kelp, which increases the propor- 
tion of alkaline carbonate, diminishes that of the iodine, owing to the 


volatility of the iodide of sodium at a full red heat. The kelp which 


contains most iodine, generally also contains most chloride of potassium, 


and it is for these two products that the substance is now valued, more 


e.. than for its alkali.,—(GranamM.) 


4 gentle heat to this mixture in the flask a of 
the alembic shown in the annexed figure, of 


‘receiver c. Fumes of a violet colour arise, 


washed out of the head of the alembic with 


Iodine may be procured by the following process: Lixiviate pow- 


dered kelp with cold water. Evaporate the lixivium till a pellicle 


forms, and set aside to crystallize., Evaporate the mother-liquor to dryness, 
and pour upon the mass half its weight of sulphuric acid. Apply a 


which 6 is the head or capital, having a tube 
issuing from it, and descending into the 


(hence its name, from ‘@dns, violaceus,) 
and condense in the form of opaque crystals, 
having a metallic lustre; these are to be 


a small quantity of water, and quickly dried on bibulous paper. 

Iodine may likewise be obtained from soap-makers’ black ash by a 
similar process: instead of evaporating the mother-liquor to dryness, the 
quantity of iodine is sometimes greater when it is merely concentrated, 


mixed with excess of sulphuric acid, boiled, and filtered: the liquid is” 


then mixed with its weight of powdered black oxide of manganese, and 
heated in an alembic, or in a flask with a wide tube attached to its neck, 
when the iodine sublimes as before. 

_ According to Dr. Ure, iodine may be abundantly obtained from the 
brown residuary kelp-liquor of the soap-boilers, by exposing it to a heat 


of about 230°, saturating it with sulphuric acid previously diluted with 
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its bulk of water, and pouring the liquor, when cold, off the crystals 
which are deposited, and which are chiefly sulphate of soda. Filter | 


this liquor, and ‘to every 12 ounces by measure add 1000 grains of black 
oxide of manganese in powder; put this mixture into a large matrass 
with a wide neck, over which a glass globe is inverted, and apply heat 


with a charcoal chauffer. The less diffusive heat of a lamp is apt to — ; 


crack the bottom of the matrass, particularly if a large quantity of 
materials be employed. To prevent the heat from acting on the glo- 
bular receiver, a thin disc of wood, having a round hole in its centre, is 
placed over the shoulder of the matrass. As soon as the upper vessel 
becomes warm, another is to be put in its place, and thus the two may be 
used in rotation as long as violet fumes arise. 

The process as conducted at Glasgow is described by Professor Graham 
in his Elements of Chemistry. Some useful directions respecting it are 
also given in the Philosophical Magazine, xu. 

Traces of iodine are found in sea water, in sponge, in several saline 
springs, and in the coarser varieties of common salt; Vauquelin detected 
itjin some silver ores from Mexico (Ann. C. 5 P., xxix.) ; and Bustamente, 
in a white lead ore from Mexico, and in a species of Agave.—(Ann. 
C. & P.,. uxxii.) 

Todine has a bluish-black colour; its lustre is metallic, and its frac- 
ture when in a mass is greasy and lamellar. It is a non-conductor of 
electricity. It is not changed by passing through a red-hot tube, either 
alone or over charcoal. It is soft and friable. Its specific gravity 
according to Thomson is 3°08; according to Gay Lussac, 4:946. Its 
specific heat = 0°05412. (Reenavutt.) It produces a yellow\stain upon 
the skin. Its smell somewhat resembles that of diluted chlorine; its 
taste is acrid. It is extremely volatile when moist, and in that state pro- 
duces a pale violet vapour at a temperature between 60° and 80°. At 
120° or 130° it rises more rapidly in vapour; at 220° it fuses; and at 
350° it boils and produces dense violet-coloured fumes, which condense 
in brilliant plates, and acute octoédrons. 100 cubical inches of iodine 


vapour weigh 270 grains. Its specific gravity, therefore, compared with 


air, is 8°7, and with hydrogen, 126. The density of iodine vapour, 
deduced from that of hydriodic acid is 8°7882. (Tuomson.) Like chlorine 
and oxygen, it is evolved from its combinations at the positive electrode; 
it renders vegetable colours yellow, and is very sparingly soluble in water, 
that liquid not holding more than one 7000th its weight insolution. The 
colour of this solution is pale brown; it gives out no oxygen by exposure 
to sunshine, nor does it bleach; it however slowly loses its own colour, 
and gives rise to the formation of zodic and of hydriodic acid. Iodine is 
much more soluble in alcohol and in ether, forming deep brown solu- 
tions. 


The peculiar appearance of the vapour of iodine is in many cases a 


> en 


sufficient evidence of its presence; a more delicate test, however, was 


discovered by Messrs. Colin and Gaultier de Claubry, in its remarkahle 
property of forming a deep blue insoluble compound with starch. 


According to. Professor Stromeyer, a liquid, containing one 450,000th its — 


weight of iodine, receives a blue tinge when a solution of starch is added 
toit. To ensure success, the iodine must be in a free state, and the 
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solution cold, for boiling water destroys the colour; where “the pro- 
portion of iodine is very minute, a few minutes elapse before the dis- 
coloration ensues. (SrRomryer, in Ginpert’s Annalen, xix. 146.) As the 
iodic compounds are decomposed by chlorine, it may often be conveniently 
used as a test of iodine. Thus, when a very minute quantity of iodide 
of sodium or potassium is present in a solution, the addition of chlorine 
discolours it, and if a little solution of starch be then added, the iodine is 
immediately detected by the blue colour. Or any compound containing 
common salt, and an alkaline iodide, mixed with a solution of starch, and 
exposed to voltaic action, yields a blue colour at the positive electrode. 
The equivalent of iodine may be assumed as = 126 (1263, Turner; 
126°57, Grauam). 

The principal use as yet made of iodine and its compounds, is in 
medicine; it powerfully promotes the action of the absorbents, and is 
chiefly used in glandular diseases, and as an alterative. In overdoses it 
is an irritant poison. The rich colour of some of its metallic combi- 
nations has led to its employment in the art of calico-printing. 

Todine is occasionally adulterated by plumbago, sulphuret of anti- 
mony, or peroxide of manganese, but these additions are easily detected by 
their insolubility in alcohol. The relative quantity of moisture in iodine 
may be ascertained by heating it in a tube, with twice its weight of fused 
chloride of calcium, at a temperature not exceeding the boiling-point of 
the iodine; the iodine may be expelled by a current of air and the increase 
of weight sustained by the chloride gives the quantity of water. 
lopinr anp Oxyaen.—There appear to be four definite compounds 


of iodine with oxygen; an oxide, and three acids. 


Oxipe or Jopinz.—This compound was discovered by Professor 


 Sementini, in attempting the direct combination of iodine and oxygen: a 


portion of it, he says, is formed when iodme is repeatedly heated in 
atmospheric air, but it is most rapidly produced by presenting iodine and 
oxygen to each other at a high temperature. For this purpose, a bladder 
of oxygen is affixed to one end of a copper tube, so placed as to be heated 


_ red-hot by lamps or a small charcoal fire; the other end of the tube 


terminates in the bulb of a tubulated retort containing iodine, which is 
also to be heated by a lamp: the oxygen is then propelled through the © 
hot tube into the vapour and upon the hot iodine, and a yellow and very 
thick oleaginous liquid distils over, of an acrid, disgusting taste and 
odour, which is the compound in question. It slowly volatilizes in the 
air, and is very soluble in water and alcohol, producing amber-coloured 
solutions. Phosphorus and potassium are inflamed by it. It changes 
the blue of litmus to green. If an alkali be poured into its solution, it is 
rendered colourless. 

Topous Actp.—If excess of oxygen, and a considerable degree of heat, 
be employed in the preceding experiment, the product is partly zodous 
acid. ‘This acid is best obtained by introducing a mixture of one part of 
iodine and three of chlorate of potassa into a retort, and rapidly applying 
heat: a dense fluid distils over, which should be collected in a receiver 


_ cooled by a freezing-mixture. It has a pungent taste and peculiarly 


disagreeable odour: its specific gravity exceeds that of water. It reddens 


litmus, and forms a yellow solution when diluted with water; it slowly 
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are instantly inflamed by it. It is without action on carbon. It dissolves 
iodine. Neither its composition, nor that of the oxide, have been accu- 


rately determined. (Quarterly Journal, xvii. 381: Ibid. New Series, i. 


evaporates when exposed to air, and rapidly volatilizes at 112°. Tt is 
decomposed by sulphur, disengaging a little heat, and liberating violet 
vapours; sulphurous acid also decomposes it. Phosphorus and potassium | 


477.) It appears probable, from the experiments of Wéhler, that the — 


compound obtained when chlorate of potassa is used, contains chlorine. 
By the spontaneous evaporation of a solution of iodine in a dilute solu- 
tion of soda, Mitscherlich obtained prismatic crystals, which by the action 
of hot water were converted into iodate of soda and iodide of sodium: he 


considers them as an iodite of soda.—(Ann. de Chim. et Phys., xxxvil. — 


84, nes 

ae AcID (1 +50) or V, or I (Davy, Phil. Trans., 1815.)—This 
compound cannot be obtained by the direct action of oxygen on iodine, 
but it is formed by acting upon peroxide of chlorine by iodine. For this 
purpose the iodine may be introduced into a small flask, and the peroxide 


of chlorine disengaged upon it, from a proper mixture of chlorate of — 


potassa and sulphuric acid, with the precautions above pointed out: or 
100 grains of chlorate of potassa may be introduced into a small retort, 
with 400 grains of hydrochloric acid, of the specific gravity 1:105: annex 
to the retort a small globular receiver, having a bent tube issuing from 
it, and passing to the bottom of a small flask, containing about 50 grains 
of iodine; carefully apply the heat of a lamp to the retort, by which 
oxide of chlorine will be disengaged, and which will be decomposed and 
absorbed by the iodine. A compound is thus formed, which consists of 
chloride of iodine and iodic acid. The former is separable by a gentle 
heat; the latter remains as a white, deliquescent, semitransparent, sour, 


and inodorous body, very soluble in water, and of a specific gravity 


exceeding 2. JIodic acid may also be precipitated by slowly adding — 


excess of sulphuric acid, or of alcohol, to the aqueous solution of the 
perchloride of iodine. This acid is also formed according to Mr. Connell, 
by boiling iodine for several hours with about five times its weight of 
strong nitric acid. The mixture should be introduced into a tube closed 
at one end, and the iodine, as it sublimes to the upper part, constantly 


returned into the acid, till it disappears: on carefully driving off the — 
nitric acid by heat, the iodic acid remains. Jlodic acid is also obtained — 


by the decomposition of zodate of soda by sulphuric acid, (SERULLAs, Aan. 
de Ch. et Ph., xuiii. 216,) or todate of baryta may be similarly treated. 


The aqueous solution of iodic acid first reddens and then destroys — : 


vegetable colours; concentrated by evaporation, it affords a pasty mass, 
which is hydrated todic acid, which may be crystallised in hexagonal 
laminz, and from which the water may be driven off by the careful 


application of a higher temperature; at about 500° it fuses, and is de- 


composed into oxygen and iodine. It acts powerfully upon the metals, 


and with the oxides forms a class of salts called iodates. Nitric, — 


sulphuric, phosphoric, and boracic acids, when dropped into a hot-satu- 


rated solution of iodic acid, form crystals of a yellowish colour, composed — 


of the two acids. (On the Salts of the Iodic Acid, see C. RAMMELSBERG, 
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in Poggend.xtly. 525.) It is decomposed by hydrochloric and le 
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When iodic acid is mixed with charcoal, sulphur, and some other com- 


bustibles, it forms compounds which deflagrate when heated: its com- 
pounds also deflagrate, like the chlorates, when thrown upon red-hot 


charcoal. Iodic acid is composed, according to Gay Lussac, of 


Todine 5 ] se 125 caad 759 
Oxygen .. 5 omits 40 es 24°1 
Todic acid . 1 


166 100°0 © 

Oxiopic Acip. Prriopic Aci. (t+ 70,) or 0’, or I. Whena solution 
of iodate of soda, mixed with pure soda, is saturated by chlorine, and con- 
centrated by evaporation, a sparingly soluble white salt is obtained, which 
is a periodale of soda: when it is dissolved in dilute nitric acid, and mixed 
with nitrate of silver, a yellow precipitate falls, which, dissolved in hot 
nitric acid and evaporated, yields orange-coloured crystals of periodate of 
silver, These crystals are decomposed by cold water, a yellow insoluble 
subperiodate of silver falls, and an aqueous solution of pure periodic acid 
is formed, which yields crystals of the hydrated periodic acid by evapora- 


tion, and which, at a temperature above 212°. are resolved into oxygen 
) , p ’ yg 


and iodic acid. (AMMERMULLER and Maenus: Poccenporr’s Annalen, 


“xxvill. 514.) The periodic acid consists of 


Iodine aor 1 aes 126 hie 69 
Oxygen .. 7 vara 56 19% 31 
: Periodic acid . 1 See 182 ane 100 


| JoprnE anp CHLorINE. CHLorIDE or Iopinn. CuLortopic Aci.— 
When chlorine is conducted into a vessel containing iodine, it is quickly 
absorbed, and a compound obtained, which is brown when the iodine is 


in excess, colourless when exactly saturated, and yellow if there be excess 


of chlorine. It is volatile, and may be distilled without decomposition. 
It tastes sour, and powerfully reddens litmus: it attracts moisture from 
the air, and dissolves readily in water, forming a brown solution when 
there is excess of iodine. It appears to decompose water, and to form 
hydrochloric acid and a compound of iodine and oxygen; but these com- 


_ binations are not permanent, for, on evaporation, chlorine is evolved, and 


iodine liberated. The saturated compound is regarded as containing one 
volume of iodine, and two of chlorine. (Berzentus, 1.258.) Sir H. Davy 
(Phil. Trans, 1814, p. 487) described the crystalline compound obtained 
by subliming excess of iodine in chlorine, under the name of chlorionic 
acid, and regarded it as a compound of one proportional of iodine and 
one of chlorine. It forms no permanent compounds with salifiable bases. 

The experiments of Dumas and Serullas seem to prove the existence 


of two compounds of chlorine and iodine, formed by passing chlorine 


over iodine. The protochloride is soluble without decomposition, in 
water, alcohol, and ether; but the perchloride is resolved by water into 
hydrochloric and iodic acids, the latter of which may be thrown down by 
sulphuric acid, or by alcohol. The exact composition of these chlorides 
has not yet been ascertained. (SouBerran, Journ. de Pharm., Feb. 1837; 
Kane, Phil. Mag., x. 430.) 
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§ IV. BROMINE. RE 4 c 
_ Turs singular substance, first described in the Annales de Chim. el 
Physique, for August, 1826, was discovered by M. Balard of Montpelier. - 
Bromine was originally obtained from the uncrystallizable residue of sea- — ’ 
water commonly called dzttern; a current of chlorine passed through this * 
liquid immediately gives it an orange tint, in consequence of the evolution — : 
of bromine from its combinations: a portion of sulphuric ether is then 
shaken up with it, which, as it separates upon the surface, is found to 
have abstracted the bromine, and acquired a reddish-brown tint. The _ 
ethereal solution is agitated with solution of potassa, by which bromate of 
potassa and bromide of potassium are formed, and the whole being eva-_ 
porated to dryness, and exposed to a dull-red heat, leaves bromide of 
potassium. ‘The solution of this salt is decomposed by passing chlorine 4 
into it, or by mixing it with a strong solution of chlorine; chloride of 
potassium is formed, and the bromine, being volatile, may be separated by 
distillation, and condensed in a receiver cooled by ice. 
Bromine probably exists in sea-water in the state of bromide of mag- © 
nesium, but its relative proportion is exceedingly minute. One hundred 
pounds of sea-water taken up at Trieste, afforded, by M. Balard’s process, — 
5 grains of bromide of sodium = 3:3 grains of bromine. It would appear, — 
that in the sea-water at Trieste the bromine is unaccompanied by any iodine; Bb) 
and the same is the case, according to M. Hermbstadt, with the waters — ¥ 
of the Dead Sea. In the water of the Mediterranean, on the contrary, — 
iodine is always found with bromine. Bromine is most readily recognised 
by evaporating the water, so as to separate all its more ordinary crystalli- 
zable contents, reducing the remainder to a very small bulk, and dropping | 
in 4 concentrated solution of chlorine. In the absence of iodine, which — 
may be detected by starch, the appearance of a yellow tint announces — 
bromine. It has thus been discovered, not only-in the waters of the — 
ocean, but in certain salt springs, in the ashes of marine plants, and in — 
those of some marine animals. Among the saline springs most abundant — 
in bromine are those of Theodorshall, near Kreutznach in Germany; these — 
are now the chief source of bromine as an article of commerce. 
At common temperatures and pressures bromine is a deep reddish- _ 
brown liquid, of a peculiarly suffocating and disagreeable odour, whence _ 
its name (from Bpwpos, graveolentia). Its specific gravity is about 3. - 
It emits a brownish-red vapour at common temperatures, and boils at 116°. _ | 
At a temperature somewhat below 0° it congeals into a brittle solid. Itis _ 
a non-conductor of electricity, and appears in the Voltaic circuit at the posi- — 
tive electrode. It suffers no change by transmission through red-hot tubes. _ 
Tt dissolves sparingly in water, and forms under certain circumstances a ; 
definite hydrate, which according to Léwig (PoacEnnorr’s Annalen, xiv. 
114) is obtained by exposing bromine with a small quantity of water toa — 
temperature of 32°; red octoédral erystals of the hydrate of bromine are — 
then deposited, which continue permanent at the temperature of 50°. At — 
a higher temperature they decompose into liquid bromine and aqueous — 
solution of it. The hydrate is also obtained by passing the vapour of bro- — 
mine through a moistened tube cooled nearly to the freezing-point. 
_ Bromine dissolves in alcohol, and more abundantly in ether. It destroys _ 
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vegetable colours. When a burning taper is iened into its vapour it 


is speedily extinguished, the flame previously assuming a green and red 
e tint. Phosphor us spontaneously inflames in its vapour; tin and antimony 


also burn in it; and it combines with potassium with explosive violence. 
Its action on alkaline solutions will be found analogous to that of chlorine 
and iodine. It stains the skin of a yellow colour; acts with energy upon 
most vegetable and animal substances; and is fatal to animal life; a single 


drop placed upon the beak of a bird immediately killed it. The specific 


_ gravity of its vapour has not been correctly determined, but its equivalent 


number appears, from Berzelius’ analysis of bromide of silver, to be about 
78, which ought also to express its specific gravity in vapour compared 
with hydrogen. The density of its vapour compared to air, will, there- 
fore, be about 5°4, and 100 cubical inches should weigh about 167 grains. 
According to Dr. Thomson the density of bromine vapour theoretically 
deduced is 5°555. The alcoholic solution of bromine, and the bromide 
of sodium are occasionally used in medicine: and from its powerful action, 
there can be no doubt that it must contribute to the medicinal virtues 
of the mineral waters in which it exists. _ vee 
BroMINE AND Oxyeren—Bromic Actin. (b + 50)or 6’, or Br. One 
compound only of bromine and oxygen has as yet been discovered, namely, 


the bromic acid. Bromic acid is obtained by the decomposition of a solu- 


tion of bromate of baryta by sulphuric acid: sulphate of baryta is precipi- 
tated, and a solution of bromic acid obtained, which may be concentrated 
by slow evaporation; at a high temperature it is partly decomposed, and 


it cannot be obtained anhydrous. It is sour, inodorous, and first reddens, 


and then destroys the blue of litmus. It is partially decomposed by © 
concentrated sulphuric acid, but not by nitric acid. It is decomposed 
by sulphurous acid, by sulphuretted hydrogen, and by hydriodic and 


hydrochloric acids. From the analysis of bromate of potassa there can 


be no doubt that the bromic acid is analogous in composition to the 
chloric and iodic acids, and that it consists of 


Bromine ened s,0 9 EO meee TOOL 
Oxygen -» 8 .. 40 .. 339 


Bromic acid.. 1 ..4118 .. 1000 


CHLORIDE of Bromine.—By passing chlorine through bromine, and 
condensing the vapours at a low temperature, a reddish-yellow fluid is 
obtained, having a penetrating odour and disagreeable taste. It is very 
fluid and volatile, emitting yellow vapours; it dissolves in water, and the 
solution destroys vegetable colours: it would appear, therefore, not to 
decompose water. Chlorine decomposes most of the compounds of bro- 
mine, and hence is useful as a‘ test of its presence. When, for instance, 
aqueous chlorine is dropped into a weak solution of bromide of potassium, 


-or of sodium, the evolution of bromine is manifested by the deep yellow 


colour that is produced, and by the odour of the vapour of bromine. 
Iopipe or Bromine.—lIodine and bromine probably combine in two 
proportions, but the compounds have not been analyzed. In certain pro- 
portions (probably one proportional of iodine and one of bromine) a solid 
body is obtained, which yields reddish-brown vapours when heated, and 
these readily eondenié into arborescent crystals. A further addition of 
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bromine dissolves these, forming a dark-coloured liquid, soluble in wat ; 
possessed of bleaching qualities, and yielding bromides and iodides w: 5 
the alkalis. ae 

Chlorine, iodine, and bromine, are occasionally so associated as to = 
require separation in analyses. To ascertain the quantity of iodine in the = 
mixed chlorides and iodides of mineral waters, Rose recommends preci- _ 
pitation by nitrate of silver; the mixed chloride and iodide of silver thus 
thrown down is fused, weighed, and afterwards heated in a tube and a 
stream of chlorine passed over it; the iodine is thus expelled, and the 
whole converted into chloride of silver; this is weighed again, and a loss 
is found to have taken place in consequence of the equivalent of the 
expelled iodine being greater than that of the expelling chlorine; this ' 
loss, multiplied by 1°389, gives the quantity of iodine originally present, _ 
and which has been replaced by the chlorine. Schweitzer recommends 
the adoption of a similar method for estimating the quantity of iodine 
when mixed with bromine; in this case the mixed iodide and bromide of 
silver is to be heated in an atmosphere of bromine vapour, by which the 
iodine is expelled. But the accurate determination of the relative quan- 
tities of chlorine, bromine, and iodine, in cases where their combinations 
are blended, is a problem of much difficulty. 4 


§ V. FLUORINE. | b 


Tus substance has not hitherto been obtained in an insulated state, 
for its powers of combination are such, that no body has been found _ 
capable of resisting its energetic action. The evidence of its existence, as ¢ 
a distinct electro-negative element, will be more clearly understood by @ 
reference to the account of its compound with hydrogen (See Hypro- __ 
FLUoRIC Acrp), and to the experiments of Sir H. Davy (Phil. Trans., 2 
1813, p. 263, and 1814). Its equivalent number is probably = 16. It - 
is found as a component part of a few mineral substances only; one of _ 
these, however, commonly called fluor-spar, is very abundant and appears __ 
to be a compound of fluorine and calcium, or a fluoride of calcium. Traces 
of fluorine are supposed to have been found in bone and in the enamel of 
teeth. No compound of fluorine with oxygen, chlorine, iodine, or bro- 
mine, has yet been satisfactorily shown to exist*. 

It may be remarked of the bodies which have been above described 
that although they do combitie with each other, they are not pos- — 
sessed of powerful mutual affinities; and, consequently, their compounds | 
are, with few exceptions, either unstable, or easily decomposed; this is 
what might be expected as a consequence of their analogous electrical 
relations; for they are all apparently evolyed at the anode in Voltaic 
arrangements. Yet, in respect to each other, it has been supposed 
that they may exhibit opposite, though feeble electrical energies, and 
that such compounds, in Voltaic decomposition, may thus present one of 
their elements at the negative electrode; a mixed solution, for instance, 
of bromine and iodine, when electrically decomposed, is stated to evolve 
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* Baudrimont, and the Messrs. Knox, | x. and xii.) “But more than one skilful 
have each published experiments by | chemist of name has been less fortunate __ 
which they state that fluorine may be | in obtaining indications so decisive, of 
isolated. (Phil. Mag. 3rd series, vol. ix. | the isolation of fluorine.” (GRAHAM.) 
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romine at the positive, and iodine at the sees surface, and it has 
nce been concluded, that iodine is electro-positive in respect to 
yromine ; but the posible influence of secondary electro-chemical action, 
in these cases, has not been taken into the aceount. The compounds of 
the bodies above described with hydrogen and with the metals, when 
subjected to electrical decomposition, give up the inflammable body at 
the negative pole, or cathode, while the supporter of combustion appears 
at ag positive pole, or anode. ° 


§ VI. HYDROGEN. 


HyprocEn was first duly examined in a pure state by Mr. Cavendish, 
in 1766. (Phil. Trans., vol. tvi. 144.) It had before been confounded 
_ with several of its compounds, under the name of inflammable air: the 
term hydrogen was given to it by the French chemists in consequence of 
its being one of the elements of water (from vdwp, water, and yevveur, to 
generate). It also forms a component of all vegetable and animal pro- 
ducts, and is therefore abundantly diffused throughout nature. 

Hydrogen gas may be obtained by the action 
of iron or zinc upon dilute sulphuric acid. Some 
pieces of iron-wire, or of zinc, may be introduced 
into the tubulated flask a (fig. 225), and covered 

with sulphuric acid diluted with six times its 
bulk of water; an effervescence ensues, heat is 
evolved, and the gas escapes by the bent tube 3, 
inserted by grinding into the neck of the flask, 
‘and may be collected in the hydro- pneumatic 
apparatus. The hydrogen, however, which is thus obtained, is never per- 
fectly pure. When pideured by the means of iron, its odours is peculiarly 
‘disagreeable, in consequence, according to Berselins (Lehrbuch, 186), of 
-its containing a portion of volatile oil, formed by its union with a minute 
“quantity of carbon which all common iron contains. When such gas is 
passed through alcohol, much of the odour is absorbed by it, and on 
diluting it with water, it becomes milky. Obtained by means of zinc, the 
‘gas is perhaps somewhat more pure, but it appears to hold a trace of zinc 
-in solution, and often traces of sulphur and of arsenic. for the purposes 
of delicate experiments, hy drogen must be passed through a solution of 
potassa, then dried passing it through a tube containing fragments of 
fused chloride of calcium; it should also be collected over mercury, and 
‘ procured from purified zinc,-and sulphuric acid so far diluted as to act 
but slowly upon the metal. The hydrogen liberated by the Voltaic 
decomposition of water by platinum surfaces (see WaTER), may, when 
dried, be considered as absolutely pure. Upon the same principle it may 
___- be obtained by inverting a platinum crucible in dilute sulphuric acid, and 
placing a plate of zinc upon it; the hydrogen is then evolved by the 
Voltaic action of the two metals, and a portion of it collects within the 
crucible. This gas is also in a state of extreme purity when liberated 
from pure water by the action of an amalgam of potassium or of sodium. 
Hydrogen is an uncondensable aériform fluid, not absorbable by water, 
unless that liquid has been previously deprived, by boiling, of common 
air, in which case 100 cubic inches dissolve about 1°5 cubic inches of 
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the gas. It has no taste, and when perfectly pure, is inodorous, but it 
usually has a slight disagreeable smell. It has great power of refracting — 
light (p. 193.) It may be respired for a short time, though it is instantly — 
fatal to small animals. M. Maunoir, after having breathed a quantity of 

pure hydrogen, found that his voice had become remarkably shrill. (Phil. 

Mag., iv. 214.) The intensity of sound is greatly diminished in an 

atmosphere of hydrogen; Leslie, indeed, found it more feeble than its — 
rarity compared with air would have led him to expect. He placed a 
piece of clock-work*by which a bell was struck every half minute under 
the receiver of the air-pump, and, after exhausting the air, filled the 
receiver with hydrogen, but the sound was then even feebler than in the _ 
highly-rarified atmosphere. (Ann. Philos., 2nd series, iv. 172.) Itis _ 
stated that sound moves at least three times as fast in hydrogen as inair. — 

Hydrogen gas is the lightest known form of matter, and its equivalent ~~ 
or atomic weight is below that of all other substances, it is, therefore, — 
conveniently assumed as‘ wnily in speaking of the specific gravity of 
gases, as well as in referring to the proportions in which bodies com- 
bine. In consequence of its extreme lightness, it is difficult to determine 
its weight with accuracy by the common process; but the researches of 
Berzelius and Dulong, and of Dr. Prout, lead us to infer that its specific 
gravity, compared with oxygen, is as 1 to 16: 100 cubic inches, therefore, 
of pure hydrogen gas at mean temperature and pressure weigh only 2:1318 
grains, and compared with air, its specific gravity is as 0-0694 to 1. 
At the temperature of 32° 100 cubic inches weigh 2:22756 grains. 
(THomsov.) . 

The low specific gravity of hydrogen is well and amusingly illustrated 
by substituting it for common air, in soap bubbles, which then rapidly 
ascend in the atmosphere, and may be kindled by the flame of a taper. 
The same circumstance also led to its employment for the inflation of 
balloons, which, however, have of late years been generally filled with coal- 
gas. Small balloons may be purchased, made of gold-heater’s skin, or of 
the lining membrane of the crop of a turkey, which, when filled with pure 
hydrogen, rise to the ceiling, their specific gravity being inferior to that 
of the surrounding air. Some of these when filled with hydrogen, do not 
weigh more than 42 grains, while the same bulk of air 
would weigh 52 grains, so that their buoyant power is 
about = 10 grains. 

Hydrogen is inflammable, and extinguishes flame. 
When pure, it burns quietly, with a lambent blue flame 
at the surface in contact with air; but, if mixed with 
thrice its volume of air, it burns rapidly, and with 
detonation. In making this experiment, a strong phial, 
capable of holding about six ounces of water, may be 
employed; or the znflammable air-pistol, which admits 
of the mixture being fired by the electric spark. This 
instrument consists of a cylinder of brass, about three- 
fourths of an inch diameter, and six inches long, in 
the form of a small cannon or pistol-barrel, properly 
mounted and having a wire, a (fig. 226), at the part 
usually occupied by the touch-hole, passing through a- 
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“tube of ivory, 6, and not quite touching the interior of the cylinder; an 
_ electric spark communicated to this wire inflames the mixture of hydrogen 
_and atmospheric air in the interior. It may be charged, by previously 
filling it with dry sand, and emptying it out into a phial of hydrogen, 
_ which then rises into the gun sufficiently mixed with air; the muzzle 
_ may be secured by a cork, which is expelled with much violence and a 
_ loud report, upon the inflammation of the gas. 

_ The electrical air-gun may be also charged, by holding it fora moment 
over the open jet of the following instrument, (fig. 227,) always taking care | 
that there is a due admixture of atmospheric air, otherwise the electric 

_ spark will not inflame it. a is a funnel-shaped vessel, fitting by a ground- 
_ joint into the three-necked bottle 6; to the stopper c is annexed a brass 
wire, with a cylinder of zinc screwed upon its lower end; dis a tube fur- 
_nished with a stopcock and jet-pipe; the capacity of the vessel a should be 
nearly equivalent to that of b, and may contain from 
_ one to three or four pints. To charge this apparatus 
_ with hydrogen, 6 is three-fourths filled with water, _»» 227 
_ and the stopper c being removed, a quantity of sul- 
_ phuric acid, previously diluted with its bulk of 
water, is poured in by a long funnel, so that it may 
remain at the bottom of the water which now fills 
the vessel. The stopper c, with its appended piece 
of zinc, is then put in, and the generated hydrogen 
_ forces the dilute acid into a, where its pressure serves 
_ to propel the gas through d, whenever the stop-cock 
g is opened; the acid, at the same time descending, 
_ produces a fresh portion of hydrogen by again acting 
_ upon the zinc. This instrument is useful where 
_ small quantities of hydrogen are required for burn- 
ing, charging air-guns, and other purposes. : 
a Volta’s air-lamp, in which a jet of hydrogen is inflamed by a smal 
_. spark, furnished by an electrophorus concealed in the foot of the appa- 
_. ratus, also furnishes an elegant illustration of the ready inflammability of 
hydrogen by the electric spark. 

In examining into the quantity of atmospheric air required to form an 
explosive mixture with hydrogen, Mr. Cavendish found the loudest 
report was produced by two volumes of hydrogen with six of air. One of 
hydrogen with nine of air burned very feebly, and four of hydrogen with 
one of air burned without explosion. (Phil. Trans., vi.) 

The inflammability, as well as the low specific gravity of hydrogen, 
are shown in the following experiments:—Let a jar filled with this gas 
stand for a few seconds, with its open mouth upwards; on letting downa 
candle, the gas will be found to have escaped, and to be replaced by com- 
mon air. Place another jar of the gas inverted, or with its mouth 
downwards; the gas will now be found to remain a short time in the 
__ jar, being prevented from escaping upwards by the bottom and sides of 
_ the vessel. (Henry.) Provide an air-jar, with a stopcock and jet, and 

fill it with hydrogen, upon the shelf of the pneumatic trough; then set fire 
_ to the gas at the jet, and whilst it is there burning, slowly lift the jar out of 
y "4 the water, and hold it firmly by the brass cap. The flame will continue for 
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three inches above the level of that in the trough. The subject was 
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some time at the jet, the hydrogen being propelled through it aed 
lightness; but when the air becomes mixed in such proportions with the © 
gas as to form an explosive mixture, the flame recedes through the jet, 4 
and the whole kindles suddenly. (Berzents.) Hydrogen may in fact 
be decanted, as it were, per ascensum, from one jar into another held 
above it. Thus, if a light bell-glass be suspended with its mouth down- — 
wards to one end of a seale- bear, and accurately counterpoised, it will be 
found, on placing a jar of hydrogen gas closed by a plate of glass under- 
neath it, that the hydrogen, on removing the glass plate, will ascend into 
the bell, and, by its lightness, cause the counterpoise to sink; the ~ 
hydrogen may also be inflamed by a taper introduced into the counter-. c 
poised bell. ‘a 
If, instead of a mixture of hydrogen and atmospheric air, two ‘ 
volumes of hydrogen mixed with one of oxygen be burned in the air-gun, 
or in a stout and small phial, the explosion is extremely violent; but if — 
the mixture be diluted with eight measures of hydrogen, or with nine of 
oxygen, it becomes NaN Peer mes pe 
If a current of hydrogen be inflamed when issuing from a sniall| 
aperture, and a tube of eighteen or twenty inches in length be held over 
the flame, as in “fig. 228, a peculiar musical tone is produced, 
varying in its pitch with the length and diameter of the tube, ~ 
and the extent to which the flame, which should be very 
small, is introduced within it. This effect is not peculiar — 
to hydrogen, but is produced by a variety of other flames 2 
(Farapay, Journal of Science and the Arts, vol. v.), and is — 
referable to the succession of explosions and consequent 4 
vibrations produced by the combustion of the gas in the. q 
tube. “s 
The tendency which gaseous fluids have to become com- — 
pletely mixed under all circumstances, and as’it were to pene- 4 
trate each other, is well illustrated where hydrogen is employed. — 
Thus, if two small phials, the one containing oxygen and the 
other hydrogen, be connected perpendicularly by a long glass - 4 
tube, of small bore, it will be found, that although the hydrogen 2 
be uppermost, and much lighter chan the oxygen, it will, inthe _ 
course of a few hours, have perfeetly mixed with the oxygen, 
and the gases will be found in equal proportions in both phials: _ 
hence the expression that one gas actsas a vacuum with respect 
toanother. (Datton, ManchesterMemoirs, vol.i., New Series.) 
The facility, too, with which hydrogen passes through 
crevices, fissures, me capillary tubes, as also through mem- 
branes anid various organic tissues, is very remarkable. <At- 
tention was first called to this subject by a curious observation of © 
Débereiner on the escape of hydrogen through a small crack or fissure in 
a glass jar, which had been filled with the gas, and placed upon. the shelf 
of the pneumatic trough; to his surprise, the water rose in the jar nearly 


afterwards investigated by Professor Graham, who published a masterly 4 
essay upon it in the Edinburgh Philos. Trans. (xii. 222.) The follow- — 
ing is an abstract of his inquiries, abridged from his Elements of | 
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Chemistry. On examining Dvbereiner’s result, he found that while the 
hydrogen escaped outwards, a portion of air penetrated inwards, amount- 


ing to between one-fourth and one-fifth of the volume of the lost 


hydrogen: that, in fact, when hydrogen communicates with air by such a 
chink, there is a powerful disposition to mutual intermixture; “a particle 
of air, however, does not interchange with a particle of hydrogen of the 
same magnitude, but of 3°83 times its magnitude. We may adopt the 
word diffusion-volume to express this diversity of disposition in gases to 
interchange particles, and say that the diffusion-volume of air being = J, ° 
that of hydrogen gas is = 3°83. Now every gas has a diffusion-volume 
peculiar to itself, and depending upon its specific gravity: of those gases 
which are lighter than air, the diffusion-volume is greater than 1, and of 


those which are heavier, the diffusion-volume is less than ].” 


Professor Graham’s results were obtained by what he calls a diffusion- 
tube; itisa graduated glass tube of about half an inch diameter, and 
fourteen inches long; one end is closed by a plate of plaster of Paris of 


about one-fifth of an inch thick; it may be used over mercury or water, 


but in the latter case care must be taken in filling it, to keep the plaster 
plug dry. When this tube is filled with hydrogen gas, standing over 
water, the gas diffuses into the atmosphere through the pores of the 
stucco, the water rises proportionately in the tube, and in about half an 


hour, the whole of the hydrogen will have escaped, and a certain quantity 


of common air entered: in experiments for determining the proportion 
of gas diffused and of replacing air, inequality of pressure must be guarded 
against by placing the diffusion-tube in a jar of water which must be 
filled up in proportion as it rises in the tube, and the inner and outer 
levels kept equal. Assuming the diffusive power of air as — 1, that of 
hydrogen is = 3°8; of oxygen — 0-9; of nitrogen = 1-014. 

Cork, spongy platinum, and other porous substances, may be substi- 
tuted for the stucco, in the diffusion-tube; or a piece of bladder, or thin 


_ caoutchouc, may be used. With the latter a very striking experiment, 


illustrative of this form of endosmose and exosmose, may be made as 
follows:—confine a portion of common air in a tumbler or wide-mouthed 
jar, by tying it carefully over with a piece of thin sheet-caoutchouc, and 
place it under a large bell-glass filled with hydrogen gas, and standing in 
a dish of water: the hydrogen will gradually find its way through the 
caoutchouc and act upon it with such elastic power as forcibly to distend 
and even ultimately burstit. If the small jar be filled with hydrogen, 
and the larger one with air, an opposite result will ensue, as shown by the 
concave instead of convex surface assumed by the elastic diaphragm. 
Upon the same principle, if a thin flaccid bladder, containing common 
air, be suspended in a jar of carbonic acid, it will become distended to the 
utmost by the entrance of the carbonic acid from without: or if the 


bladder distended with carbonic acid be suspended in the air, it will 


become flaccid, in consequence of the exosmose of the former prevailing 
over the endosmose of the latter. 

It has been shown that gases flow into a vacuum with velocities which 
are inversely as the square roots of their densities; that is, with velocities 
corresponding to the numbers which express their diffusion-volumes: 


hence the law of diffusion has been regarded by Mr. T.§. Thomson (Phil. 
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Mag. ., 3rd series, iv. 321) as confirming Dalton’s theory, that gases are 7 
inelastic towards each other; a conclusion, however, which Mr. Graham ? = 
hesitates to adopt. . (Elements of Chemistry, p. 75.) 7 
In discussing the nature of flame and the causes of their luminosity — 
and heat (p. 223,) I have alluded to the high temperature of that of ; 
hydrogen; it is occasionally employed for exciting intense heat; and, _ 
when mixed with oxygen, and burned as the mixture issues from a sna = 
jet, it excites a temperature nearly equal to that of the arc of flame in the 
voltaic circuit. A blow-pipe upon this construction was first made by 
Mr. Newman, and afterwards improved, as to its safety, by Professor 
Cumming, of Cambridge. (Journal of Science and the Arts, i, 65, and 
i. 380. ) A full account of the construction and use of this hydro-oxygen 
blow-pipe will be found in Dr. Clarke’s book upon the subject. (London, 
1819.) Mr. Hemming’s safety-tube may also be used in these experi- 
ments. (See Phil. Mag., 3rd series, i. 82.) An excellent mode of 
obtaining intense heat by the combustion of oxygen and hydrogen, con- 
sists in propelling them from separate air-holders through a burner 
composed of two concentric tubes: a good form of which has been con- 
trived by Mr. Daniell. (Phil. Mag., 3rd series, ii. 57.) The apparatus _ 
for this purpose has also been further improved by Mr. Maugham, 
especially as relates to its application to the solar sania 95 (Trans. 
Soc. Arts, c., vol. u.) 


Hyprocen anp Oxygen. Water. Proroxipe or Hyprocrn. (A+ 0) 


or J, or H.—The discovery of the composition of water, one of the most 
important in the science of chemistry, was made by Cavendish, in 1788. 
(Phil. Trans.) 

When two volumes of pure hydrogen gas are mixed with one volume 
of pure oxygen gas, and the mixture inflamed in a proper apparatus by 
the electric spark, the gases totally disappear, and water equal in weight 
to the gases consumed is formed: and again, if water be exposed to 
electrolytic action, it is resolved into two volumes of hydrogen, disengaged 
at the negative pole or cathode, and one volume of oxygen, disengaged at 
the positive pole or anode (see p. 302); so that water is thus proved by 
synthesis, and by analysis, to consist of two volumes of hydrogen, com- 
bined with one volume of oxygen. The specific gravity of hydrogen, 
compared with oxygen, is as 1 to 16; these numbers, therefore, represent ~ 
the comparative weights of equal volumes of those gases; but as water 
consists of ore volume of hydrogen and half a volume of onygen, it is. 
obvious that the relative weights ‘of those elements will be as 1 : 8, or as 
follows :— 


Atoms. Weights. Per cent. Volumes. 
Hydrogen 2c. ase tke teme tl ke ee 
Osyeen fer te Saat 8 889 . . Od 
‘Watar ) eel ab Ret 9 . 100°0 


+ 4 


The experiments illustrating the composition of water, and showing - 
the proportions in which its elements are united, may be divided into 
synthetic and analytic. Among these the following may be selected: — -__ 4 

Synthetic Experiments.—i. Burn a current of hydrogen under hie 4 
copper funnel a, represented in the following wood-cut, fig. 229; bys ‘ 
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uniting with the oxygen of the atmosphere it will produce aqueous 
vapour, which passing into the glass cylinder 4, will condense in drops*. 
ii. If two measures of pure hydrogen be mixed 

_ with one of pure oxygen, and detonated in the a 

graduated glass tube a, fig. 230, standing over : 
water or mercury, by an electric spark passed 6 O-: 3 
through the platinum wires 4 4, the gases will oF 
entirely disappear. If there be any excess of = 
either of the gases, the portion in excess will re- : 
main unconsumed. At the moment the explosion 
takes place the gaseous mixture becomes greatly 
expanded, probably to fifteen times its original bulk 
(Davy on Flame, p. 90), and a portion is apt to es- 
cape at the bottom of the tube; hence the advantage 

_ of performing the experiment over mercury in the 
form of apparatus recommended by Dr. Ure. (See 
EvpIoMETER.) Hs, MeN 

ii. The same experiment may be thus varied. Ci 

4 (fig. 231) is a very strong and thick glass vessel 
provided with a glass stop-cock 5, and with a ground stopper firmly 
secured by the brass collar c, through which the platinum wires p p 
pass. ‘The vessel a, previously exhausted of air, is placed upon the 
bell-glass B, in the pneumatic trough, containing a mixture of pure 
oxygen and hydrogen in the above-mentioned proportions. Upon opening 


* On examining the water thus pro- | drogen be in excess it sometimes con- 
duced, it is generally slightly acid from | tains ammonia. (Saussurnr, Ann, de 
the presence of nitric acid, derived from | Chim., LXXL., p. 282.) 

__ the nitrogen in the atmosphere; if hy- 
a6 


a 
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the stop- och it may be inflamed by an electric 


instant of the detonation, a vivid flame pervades 
the upper vessel, and it becomes lined with moisture. 
If the stop-cocks be again opened, a fresh portion 
of the mixed gases enters, and may be inflamed as 
- before. 

iv. A mixture of oxygen and hydrogen gases, 


sion, unite with combustion, and produce water. 
(Briot.) Under a more gradual compression, equiva- 
lent to that of 50 atmospheres (by sinking the mixed 


540 metres in the sea), the gases do not unite. 
(DeLarocue.) Water may also be produced by heat- 
ing the mixed gases to a temperature below that 
required for their combustion with flame. (Davy 
on Flame, p. 68.) According to Grotthus, no explo- 
sion takes place in a mixture of two volumes of 
hydrogen and one of oxygen, expanded to six times 
its volume by heat, or to sixteen times its volume 
by diminished pressure. (Ann. de Chim. |xxxii.) 
Electric sparks, however, passed for some time 
through such a mixture, gradually produce water. A 
red heat, visible by day light, inflames the mixture; 
but a very dull red heat only causes the combination of the gases without 
explosion. Mr. Graham states, that if a mixture of oxygen and hydrogen 
be heated in a vessel containing a quantity of pulverised glass, or any 
sharp powder, they begin to unite, in contact with the foreign body, in a 
gradual manner, without explosion, at a temperature not exceeding 660°. 
v. A very curious discovery connected with the present subject was 
made in the year 1824, by Professor Débereiner, of Jena, who found that 
spongy platinum, (see Piatinum,) possessed the singular property of 
causing the immediate combination of hydrogen and oxygen, with heat 


sufficient to inflame the gases, and of course to render the metal red-hot. - 


If a small piece of well-prepared spongy platinum be held in a jet of 
hydrogen issuing from a small tube into the atmosphere, it immediately 
becomes hot enough to inflame the gas. If a mixture of oxygen and 
hydrogen, or of atmospheric air and hydrogen, not in explosive propor- 
tions, be submitted to the action of the platinum, it disposes the gases to 
slow combination, water is gradually formed, and if there be a sufficiency 
of oxygen, the whole of the hydrogen disappears under its influence; if, 
on the other hand, there be excess of hydrogen, the oxygen disappears. 
In analyzing certain gaseous mixtures, therefore, platinum, in this pecu- 


liar state of mechanical division, becomes a most valuable agent. For — 


more convenient application to such purposes, the platinum may be 


mixed with an equal weight of pure clay, and moulded with a little water _ 


into small balls, which must be carefully dried at a high heat. These 


the stop-cocks Er F, a quantity of the mixed gases : 
passes into a, where, after having carefully closed — 


spark passed through the platinum wires. At the 


suddenly submitted to violent mechanical compres- — 


gases in a tube, sealed by mercury, to a depth of | 


oo Gulp 
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may be conveniently thrown up into gases standing over mereury, and 7 


their power is not impaired by use; for they may always be rendered 


efficient, or their power restored, by heating them in the flame of a blow- 


pipe. Spongy platinum also causes the union of oxygen with several 
other gases, such as with carbonic oxide, and, at high temperatures, 
with olefiant gas; it also promotes the decomposition of nitric oxide by 


hydrogen. (Dutone and Tuunarp, Ann de Chim. et Phys., xxiii. 440.) 


A very few other metals operate in the same way, but less perfectly than 


platinum, such as palladium and iridium. Gold and silver in fine leaves | 


are efficient at temperatures above 212°. 
vi. The extraordinary effects observed by Mr. Faraday respecting the 


action of the platinum which had formed the positive pole of the voltaic 


pile upon a mixture of oxygen and hydrogen gases, and which he has 
detailed and investigated in the sixth series of his Experimental Re- 
searches in Electricity, (Phil. Trans., 1834, p. 55,) are apparently of 
the same nature as those observed by Dibereiner. He refers them to a 


peculiar attraction between the perfectly clean metallic surface and the 


particles of the gaseous mixture, resembling that by which bodies become 
wetted by fluids with which they do not combine chemically, or in which 


they do not dissolve; or the attraction which renders certain bodies 


hygrometric, though they neither dissolve in, nor combine with, water; 
or lastly, to a kind of attraction analogous to that between air and glass, 
so well known to barometer-makers. It may be conceived that by some 
such attractive force the particles of the oxygen and hydrogen become so 
approximated, and deprived of their gaseous repulsion, as to enter into 
chemical combination, and in go doing to evolve the heat which raises 
the temperature of the metal. . 
Analytic Experiments.—Water may be decomposed, or resolved into 
its elements, by a variety of processes, of which the following will suffice 
for our present illustration:— . 
i. @ (fig. 232) is a glass retort, into which is introduced a given 
weight of water; 66 a small furnace through which passes the porcelain 
tube c c, which terminates in the spiral pewter tube d d, immersed in 
water. A given weight of pure iron-wire, coiled up, is introduced into the 
tube c, and the whole made red-hot; the water in a is then made to boil, 
and the vapour, on coming into contact with the red-hot iron, is in part 
decomposed; the oxygen is retained by the iron; and the hydrogen, 
escaping through the tube f, may be collected as usual. Any unde- 
composed portion of water is condensed in the worm-pipe d, and drops 
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into the vessel e. After this experiment the iron will be found to have 
increased in weight; and if attention be paid to the quantity of water 
which has collected in e, and to the weight of the hydrogen gas evolved, 
it will be found that the weight gained by the iron, added to that of the 
hydrogen, will be equal to the weight of the water which has disappeared. 
Lavoisier concluded, from an 
experiment thus conducted, that B_ 6. 
water consisted of 85 parts by : aie 
weight of oxygen, and 15 by. | | 
weight of hydrogen: that is, that = }|—- 0 
for every 15 grains of hydrogen 
gas evolved, 85 grains of oxygen : 
were condensed by the iron. ult 
ii. Decomposition by voltaic 
electricity best illustrates’ the |G 
composition of water, since it 
exhibits both the oxygen and 
hydrogen in the gaseous form. 
The annexed wood-cut represents | 
a section of an apparatus for this | : , 
purpose. -It is a glass vessel con- bs 7 [ova 
taining water, having two wires 
of platinum, a a, passing through 
its bottom, which terminate in 
two narrow plates or strips of 
platinum, a’ a’, which rise up into, and over which are inverted, the 
tubes 6 6, also filled with water. The wires are now connected with 
a moderately-powerful voltaic apparatus: oxygen is evolved at the 
positive, and hydrogen at the negative electrode, which gases rise into 
the tubes, and it is seen that one volume of oxygen, 0, and two volumes 
of hydrogen, h, are the constant results*. If these gases be mixed and 


e+ new ews aerssbwwsreccoversestgoasseseeuere-| | fP-+<-= 
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* By passing electric discharges 
from a Leyden jar by two fine wires 
through water, oxygen and hydrogen 
are evolved at both; the decomposition 
therefore, is apparently not electro- 
polar. In the electrolysis of water, as 
described in the text, the bubbles of 
hydrogen are larger and rise more regu- 
larly than those of oxygen, which are 
much more minute and diffused; a defi- 
ciency in the oxygen is also occasionally. 
remarked, which, when the proportion 
of sulphuric acid added to improve the 
conducting power of the water exceeds 
that above mentioned, is sometimes con- 
siderable: it probably arises from the 
solution of a portion of the oxygen in 
the dilute acid, or from the formation of 
oxy-water. Mr. Faraday recommends for 
the Voltameter (p. 314), an acid of the 
specific gravity of 1:3. From a mixture of 
two measures of sulphuric acid and one 


of water he obtained 42 volumes of hy- 


drogen and only 12 (instead of 21) of 
oxygen. (Researches, vii., § 728.) 

If the water used for voltaic decom- 
position be not perfectly pure, its impu- 
rities are shown by the production of acid 


and alkaline matter at the positive and — 


negative pole. (See p. 306.) But pure 
water is so imperfect an electrolyte that, 


in the above experiment, it is convenient 


to render it more easy of decompo- 


sition by the addition of a little sulphuric — 


acid. (See page 302, and note.) In 
using any apparatus, such as the vol- 
tameters, in which water is decomposed 


by platinum electrodes, care must be 


taken that no part of the clean electrode 
be exposed to the evolved gases, as it 
will tend to induce their recombination, 
and in so doing sometimes becomes red- 
hot and cause explosion. 
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detonated, pure water is again formed. In employing this apparatus 
the conducting power of the water requires to be augmented by the 
addition of abcut a tenth part of sulphuric acid. 

Properties of Water.—Water, in its ordinary state, such as spring 
and river water, is always so far contaminated with foreign substances as 
to be unfit for many chemical purposes, and frequently, as will be more 
fully shown hereafter, even for domestic use. Rain-water is much more 
pure, but it always contains small quantities of carbonic acid and of 
atmospheric air, besides appreciable traces of vegetable or animal matter; 
to the latter it owes its property of becoming putrid when kept. Has- 
senfratz asserts that snow-water contains excess of oxygen.—(Jour. de 
U'Ecole Polytech., cap. iv., 570.) Rain-water collected near the sea shows 
traces of chlorine. The distinction of water into hard and soft has 
reference to its less or greater purity. The impurities of water are 


_ separated by distillation, which process is‘usually conducted upon the large 
scale in a copper boiler, a, placed either ina portable furnace (fig. 234), or 
set in brickwork, according to its dimensions, to which is annexed the 
still-head, b, of the same material, or of pewter, connected with the 
pewter worm c, which is immersed in the worm-tub, or refrigerator, d, 
its lower end passing out at e. The water in this vessel must always be 
retained of a low temperature, to effect the condensation of the vapour in 
the spiral tube. 

Distilled water, as commonly prepared, always affords minute traces 
of foreign matter, especially when subjected to Voltaic decomposition, 
and can only be considered as perfectly pure when re-distilled at a low 
temperature in silver vessels. (See page 308.) 

Pure water is transparent, and without either colour, taste, or smell. 
It is a powerful refractor of light, and a very imperfect conductor of heat 
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(p. 156) and of electricity (p. 245). In consequence of the facility of BS 2 
obtaining it pure, it is assumed as a standard to which the relative weight 


of all other bodies may be compared, its specific gravity being called. 
— 1-000; and hence the importance of estimating its weight with precision 
(p. 145). At the temperature of 62°, which is that to which specific 
gravities are usually referred, a cubic inch of water weighs 252°458 
grains; or at 60°, the cubic inch weighs almost exactly 252°5 grains, and 
the cubic foot 998217 ounces avoirdupois, which is so near 1000, that the 
specific gravity of any substance, in reference to water, is very nearly the 
absolute weight of one cubic foot of such substance in avoirdupois ounces. 
The specific gravity of gold for instance, is 19°3, in reference to water as 
unity, and, therefore, a cubic foot of gold weighs nearly 19300 ounces. 
Water is about 815 times heavier than atmospheric air. Water at mean — 
temperature is also assumed as the unit to which the specific heats of 
bodies, especially of solids and liquids, are usually referred: the specific 
heat of water has been ascertained with much precision by Regnault. 
(Ann. Ch. et Ph., uxxiil. 35.) 

Water is susceptible of compression, as was originally shown by 
Canton. Perkins states that a pressure of 2000 atmospheres occasions a 
diminution of 1-12th its bulk (Phil. Trans., 1820). This subject has 
been more recently examined into by Cirsted, whose results differ from 
those of Perkins: the estimate of the latter he thinks too great (Edin. 
Jour. Science, xii., 201). According to his experiments and those of 
Colladon and Sturm (Ann. de Chim. et Phys., xxxvi., 140), its absolute 
diminution of bulk for each atmosphere is 51°3-millionths of its volume. 
It is stated by Dessaignes that when water is submitted to very sudden 
compression, it becomes luminous. (Tuenarp, Traiié de Chimie, i. 432.) 

At the temperature of 32° water congeals into ice, which, if slowly 
formed, produces needles crossing each other at angles of 60° and 120°. 
Their forms are various, but the primitive figure has not been ascertained, 
though it is probably rhomboidal. The specific gravity of ice is 0-94, or 
thereabouts, varying a little in consequence of the air-bubbles which it 
includes: the densest ice, however, obtained by freezing-water deprived 
of air, is always lighter than water. Ice is a non-conductor of electricity, 
and under favourable circumstances becomes electric by friction. It isa 
very bad conductor of heat. In freezing, the water expands with such 


force as to burst very thick and strong vessels in which it is confined. ~ 


The rupture of iron and leaden pipes is a familiar instance of this power. 
The most interesting experiments upon the subject are those of Major 
Williams (Edin. Phil. Trans., vol. ii.) Bomb-shells, about 13 inches in 


diameter, and more than 2 inches thick, were filled with water; the fuse- — 


holes were then plugged with iron-bolts, and, thus charged, were exposed 
to the open air at a temperature between —4° and —19°. At the 
moment of congelation the plugs were thrown out, and the ice protruded 


through the fuse-hole. When the plug was duly secured, the shell itself — 
burst. The greatest difference observed in these experiments between 
the bulk of water before and after congelation was: 174 : 184. Ex- — 
posed to the air, ice loses considerably in weight by evaporation. - Hail 
is always crystallized in the form of two six-sided pyramids, applied — 


base to base. The faces of the two pyramids meet at angles of about — 


‘ 
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80°, and one of the pyramids is always truncated. (Smrruson; Ann, of 
Phil., 2nd series, v. 340.) 

If water be exposed to heat in open vessels it boils, or 1s poaverted 
into steam, at 212°, the barometer being at 30 inches; but the boiling- 
point of nilter varies considerably with the pressure (p. 173). The 

specific gravity of air being considered as = 1; that of steam is 0°624; 
100 cubical inches weighing, at the temperature of 212°, and under mean 
pressure, 14-96 grains. 

In the constitution of aqueous vapour or steam, two volumes of | 
hydrogen and one of oxygen are con- 
densed into two volumes, as in the 
annexed diagram. The specific gra- 
vity, therefore, of steam compared with 
that of hydrogen, is as 9 to 1: or in 
reference to air as = 1, 


Hydrogen. : Steam. 
& 


1 volume of hydrogen, dh gravity : : - 0°0694 
5 a oxygen, . : ‘ . 0°5555 


Specific gravity of steam therefore =0°6249 
At mean pressure, and at the temperature of 212°, the bulk of steam igs 
1689 times that of water. (See p. 172.) 

Water enters into combination with a variety of substances, and is 
retained with various degrees of force: where it contributes to the regular 
form and transparency of crystallized bodies, it is termed water of erystal- 
lization. In other cases the compounds which water forms with sub- 
stances are called hydrates, as with many of the metallic oxides; in both 
cases it may be considered as one of the constituents of the bodies, for it 
exists in them in a definite proportion. 

Water, which has been exposed to the atmosphere, always contains 
a portion of air, as may be proved by boiling it, or by exposing it under 
the exhausted receiver of the air-pump. ‘To separate the air, the water 
must be boiled for about two hours. It absorbs oxygen gas in preference 
to atmospheric air or nitrogen, and, when the air is expelled by boiling, 
the last portions contain more oxygen than those first given off. (Hum- 
BoLDT and Gay Lussac, Journal de Physique, 1805.) It is by the 
oxygen thus dissolved in water that the blood of fishes is aérated, and 
as at great altitudes the quantity of the air in water is very small, in 
consequence of diminished pressure, it is found that fishes never thrive 
in alpine lakes. 

Mr. Dalton states, that 100 cubical inches of spring water afford about 
two inches of air, which, after losing from 5 to 10 per cent. of carbonic 
acid by the action of lime-water, consists of 38 per cent. oxygen and 62 
nitrogen (New System, 271). Dr. Henry obtained 4°76 cubic inches of 
gas from 100 of the water of a deep spring, of which 3:38 were carbonic 
acid gas, and 1°38 air, of the same standard as that of the atmosphere. 
There can, however, be no doubt, that the aériform contents of different 
springs vary both in quantity and quality. 

The following Table exhibits the quantity of different gases which 
water is capable of absorbing at mean temperature and pressure, the 
water being previously deprived of all aériform matter by long boiling. 
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100 Volumes of Water 
absorb 


AUTHORITY. 


Oxygen . ‘ - : = 3°7 volumes Dalton. 
Chlorine : : 3 : 200 Gay Lussac. 
Oxide of Chlorine. : . 800 Stadion. 
Hydrogen : : 1°56 Henry. 
Hydrochloric acid 5 50000 average Davy. 
Hydriodic acid . : . 

Nitrogen ° 1:56 Henry. 
Nitrous oxide ~~. ; : 100 Ditto . 
Nitric oxide 5 

Nitrous acid . : : , 

Ammonia : ; : - | 67000 average 
Sulphurousacid . - Davy. 
Sulphuretted hydrogen Dalton. 
Hydroguret of phosphorus | Henry. 
Bi-hydroguret of phe . Davy. 


Carbonic oxide. : 

Carbonic acid ©. Dalton. 
Carburetted hydrogen Dalton, 
Cyanogen Gay Lussac. 
Fluoboric acid 5 John Davy. 
Fluosilicic acid , . Saussure, 


Hydroselenic acid Berzelius. 


The great importance of water as a natural and artificial agent, both 
mechanical and chemical, must be sufficiently obvious. The manner ing 
which its changes of state or form influence the temperature of the globe, 
will be evident by a reference to the details given in the section on heat. 
When it freezes, the expansion which it suffers, and the force with which 
its particles arrange themselves in the crystalline form, are often actively 
concerned in the disintegration and decay of rocks and strata, and in the 
production of soils. Water isa most general and useful solvent, especially 
of saline bodies, the relative solubilities of which will be stated under 
their individual chemical history. Considered as a chemical agent, it is 
frequently resolved into its elements; these are sometimes respectively 
concerned in the production of new compounds: when chloride of phos- 
phorus, for instance, acts upon water, its chlorine combines with the 
hydrogen of the water to form hydrochloric acid, and the phosphorus and 
oxygen unite to form phosphorus acid. In other cases bodies decompose 
water by the absorption of oxygen only, and the hydrogen is liberated in 
the gaseous form; but there is no instance in which the hydrogen is 
absorbed, so as to cause the evolution of gaseous oxygen. 


PEROXIDE OF HyprocEn.—OxYGENATED WATER. (h +20) or H. | 
This singular compound was discovered by Thenard, in 1818: he obtained — 
it by dissolving the peroxide of barium in hydrochloric acid and water, and 
adding sulphuric acid, by which the protoxide of barium is precipitated 
in the state of sulphate, and the excess of oxygen transferred to the 
water: by several repetitions of this process the water is gradually 
saturated with oxygen. There are so many difficulties attending the 
whole process, that it has been seldom repeated, and we know little of 
the nature of this extraordinary compound, except through the original 
essays of its discoverer: it has been surmised, from its properties, and 
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latter, as follows: — 
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mode of formation, that it may be an aqueous solution of liquid oxygen; 
Thenard, however, regards it as a definite combination of hydrogen and 
oxygen, in which one atom of the former is combined with two of the 


Thenard. Volumes. 
iy drogen 9 < wile Ga sh awbiywe- of8 Gat - ia GOB rie, 
Oxygen ee ee Ce ee rh hg c. SA Do rae COR no. ae 


Peroxide of Hydrogen 1 17 100°0 100°00 


Much of the success of the process for obtaining this compound 
depends upon the purity of the peroxide of barium: the following 
details are from Thenard’s memoir, (Ann. de Chim. et Phys., viii. ix. x. 
and t.; THENARD’s Traité de Chim., Ed. 4, ii., p. 41.) 

To obtain pure peroxide of barium, prepare a pure nitrate of baryta, 
and give it a strong heat in a porcelain vessel, by which, baryta, not 
quite pure, but containing traces of silica and alumina but no manganese, 
will be obtained; the latter impurity must always be most cautiously 
avoided, for oxide of manganese possesses the property of energetically 


—— 


decomposing the oxygenated water. The baryta, broken into small pieces, 


is then introduced into a luted glass tube (the glass should not contain 
lead) large enough to contain about two pounds of it, and being heated 
to dull redness, a current of dry and perfectly pure oxygen gas is passed 
through it, which it rapidly absorbs; this operation is to be continued 
till the oxygen escapes from a small tube inserted into the opposite ex- 


_ tremity of the larger one. The peroxide of barium thus obtained is pale 


gray, and frequently some pieces are speckled with green, which announces 
‘the presence of manganese, and which should be rejected: its distinctive 
character is, that it crumbles when a few drops of water are added to it, 
without producing heat. 

The process then proceeds as follows. Take a certain quantity of 
water (about eight ounces for instance), and add to it a sufficiency of 
pure and fuming hydrochloric acid to dissolve about 230 grains of baryta: 
put this acid liquor into a glass vessel, which, during the operation, must 
be surrounded by ice: then take about 185 grains of the peroxide, rub it 
into a fine paste with a little water in an agate mortar, and put it into 
the acid liquor with a box-wood spatula; it soon dissolves without effer- 
vescence: to this solution add pure sulphuric acid, drop by drop, stirring 
it with a glass rod, till it is in slight excess, which is known by the 
readiness with which the sulphate of baryta falls: then dissolve a second 
portion of the peroxide and precipitate as before, taking care to use 
enough, but not too much, sulphuric acid. The liquor is now to be 
filtered, and the residue washed with a little water, so as to keep up the 
original measure by adding it to the first portion: a second and third 
washing of the residue with very small quantities of water may be 
advisable, and these liquors should be kept apart for the purpose of 
washing the filters in subsequent operations. 

A fresh portion of the peroxide is then dissolved in the filtrated 
liquor and decomposed as before, filtering at every two operations, and 


’ washing the filter with the savings of the others; we thus proceed till 
the water is sufficiently oxygenated. When about two pounds of the 
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peroxide have been consumed, the water will be united to about thirty 
times its volume of oxygen, which is as much as it will retain, unless — 
some hydrochloric acid be added, in which case M. Thenard has made it 
retain 125 volumes. 

When the water is sufficiently oxygenated, it is retained in the ice, 
and supersaturated with the peroxide of barium, which occasions the 
separation of flocculi of silica and alumina, coloured with a little oxide 
of iron and of manganese; the whole is then filtered as quickly as 
possible, and returned into the vessel surrounded by ice; the baryta is 
separated by sulphuric acid; and pure sulphate of silver is added, to 
separate the hydrochloric acid, upon which the liquid, before milky, 
becomes suddenly clear. |The sulphuric acid is ultimately separated by 
baryta, the liquor filtered, and placed in a shallow vessel, under the air- 
pump receiver, including a basin of sulphuric acid; the receiver being 
exhausted, the water evaporates and is absorbed by the acid, while the 
peroxide of hydrogen, being less vaporisable, remains: if it give out any 
oxygen, which sometimes happens, from its containing impurities, a drop 
or two of weak sulphuric acid will prevent its further evolution. 

The peroxide of hydrogen thus concentrated has the following pro- 
perties: its specific gravity is 1°45; it is colourless and inodorous; it 
blisters the cuticle of the tongue, and has a peculiar metallic taste. It 
does not congeal when exposed to cold, unless diluted. It is rapidly 
decomposed at a heat below 212°, and very slowly at ordinary tempera- 
tures; it may be long kept at 32°. It is decomposed by the voltaic pile 
with the same phenomena as; water. It is decomposed by all metals 
except iron, tin, antimony, and tellurium: the metals should be finely 
divided, or in powder: silver and oxide of silver decompose it very 
suddenly with the evolution of heat and light: platinum and gold pro- 
duce the same phenomena; lead and mercury slowly separate the oxygen. 
Orpiment and powdered sulphuret of molybdenum act upon it with the 
same violence as silver; the peroxides of manganese and of lead also 
occasion its instant decomposition. 


Hyprocen anp Cutorine. Hyprocutoric Act. Morratic Act. 
Cutoruypric Aci* (h+¢) or Ac’, or H Cu.—When equal volumes of 
hydrogen and chlorine are mixed, and exposed to light, they slowly com- 
bine, and produce hydrochloric acid gas. If the above mixture be 
exposed to the direct solar rays, a detonation often ensues, as was first 
remarked by Gay Lussac and Thenard.—( Recherches Physico-Chymiques, 
ii. 129.) It also detonates when suddenly exposed to the intense light 


* This is a hydrogen-acid, or hydracid, 
of which there are several; some with 
simple, others with compound bases ; 
chlorine, iodine, bromine, and fluorine, 
form with hydrogen acids analogous to 
the hydrochloric, and these constitute 
an important and well-defined group; 
sulphur, selenium, arsenic, tellurium, 
phosphorus, and a few other substances, 
form a second group; and a third in- 

cludes the hydracids with compound 


bases, such as the hydrocyanic, &c. The 
hydracids do not combine with basic 
oxides to produce salts, but when they 
act on such oxides, a mutual decomposi- 
tion of the oxide and of the acid ensues: 
thus when soda or oxide of sodium is 
added to hydrochloric acid, the sodium 
of the base and the chlorine of the acid 
unite to form chloride of sodium, and 
the oxygen of the base and the hydro- 
gen of the acid form water. 
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of the voltaic discharge passing between charcoal points. That direct 
solar light is not necessary to effect this combination has been shown by 
Professor Silliman (American Journal of Science, iii. 342), who relates a 
_ ase of the explosion of the mixed gases in dull and cloudy daylight. 
This fact furnishes a caution against mixing any considerable quantities 
of chlorine and hydrogen. According to Dr. Henry, the agency of light 
on these gases may be beautifully shown by filling a tube, about half an 

inch diameter, and twelve inches long, with the mixed gases, and alter- 

nately shading it with an opaque cover, and exposing it to the sun’s rays. — 
3 The moment the tube is exposed even to the diffused light of day, a 
__ cloudiness will appear within it, and the water will ascend more or less 
‘ rapidly according to the intensity of the light. ‘The effect even of a 
, 


passing cloud is distinctly seen in retarding the rapidity of the combina- 
tion, which is very striking in the full solar light.—( Elements, vol. i.) 
Seebeck states that the mixed gases, exposed to the sun’s rays in a tube 
of yiolet-coloured glass, combine rapidly, but without explosion, and that 
- ina tube of red glass they scarcely act upon each other. 
| The best mode of showing the composition of hydrochloric acid, is to 
introduce into a small but strong glass vessel a mixture of the two gases, 
and to inflame them by the electric spark; no change of volume ensues, 
and muriatic gas results. The apparatus shown at fig. 230, may be used 
for this purpose; or a jet of hydrogen may be inflamed and introduced 
into a jar of chlorine; during its combustion the yellow colour of the 
chlorine disappears, and hydrochloric acid is formed. 
Sir H. Davy found that the heat evolved during the combustion of 
_a mixture of equal volumes of chlorine and hydrogen exceeded that 
produced by a mixture of oxygen and hydrogen, and that the former 
mixture was inflamed at a lower temperature, and would bear much 
greater rarefaction than the latter, without losing its explosive property. 
Oxygen and hydrogen ceased to explode when rarefied 18 times, but 
chlorine and hydrogen retain their combustibility when rarefied 24 times. 
By passing a succession of electric sparks through hydrochloric acid 
gas Dr. Henry effected its partial decomposition, and when it had gone 
to a certain extent, the gases again combined: he also found, that by 
passing a mixture of oxygen and hydrochloric acid gas through a red hot 
porcelain tube, or by the transmission of electric sparks, water was formed 
and chlorine evolved. At the temperature of 250°, the same change 
‘was produced upon the mixture by spongy platinum.—(Phil. Trans., 
1812 and 1824.) 
Hydrochloric acid gas may also be decomposed by the action of several 
of the metals.—(Davy, Phil. Trans., 1810.) Potassium, for instance, . 
__ absorbs the chlorine, and the hydrogen is evolved. This experiment ig 
best made by introducing a piece of potassium into a small retort, which 
is then to be exhausted and filled with hydrochloric acid gas from a jar 
standing over mercury. The potassium generally takes fire, but is some- 
times prevented burning by the formation of a film of chloride of potas- 
sium, and then requires to be heated, which, however, should be done 
carefully, as the retort is apt to break in consequence of the intensity of 
the combustion that ensues. When it has cooled it will be found that 
the residuary gas is hydrogen, equal to half the original bulk of the 
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hydrochloric acid. If a piece of burning potassium be introduced in a 
small copper spoon, into a bottle filled with hydrochloric acid gas, the 
metal continues in vivid combustion, and the evolved hydrogen at the 
same time takes fire, and burns with flame at the neck of the 
bottle. Tin and lead heated in the gas also effect its decomposition, and 
evolve exactly half its bulk 
Hydrogen. | Chlorine. Hydrochloric Acid. of hydrogen. The specific 

l : 37 gravity of hydrogen to chlo- 
rine is as 1 to 36; one vo- 
lume of hydrogen and one 
of chlorine combine to form two volumes of hydrochloric acid gas, as 
shown in the above diagram; or (according to Davy, and to Gay Lussac 
and Thenard), hydrochloric acid gas consists of 


Volumes. 
Hydrogen boss s ele ees 1 
Chlorine shea ities COREE Reno pee 1 
Hydrochloric acid 1 37 100°0 2 


The greater number of metallic oxides when heated in gaseous hydro- 


chloric acid, decompose it; metallic chlorides are formed, and the oxygen 
of the oxide combining with the hydrogen of the acid forms water. | 

Hydrochloric acid gas was discovered by Priestley in 1772: it is 
generally procured for the purposes of experiment, either by applying 
heat to the strong liquid hydrochloric acid; or, more readily and in greater 
abundance, by acting upon common salt, or sal-ammoniac, by sulphuric 
acid; the evolved gas must be received over mercury. The salt should 
be put in fragments into a small tubulated retort, which may be one- 
fourth filled with it: the sulphuric acid should barely cover the pieces of 
salt; the gas is instantly extricated, and when its evolution slackens, it 
may be quickened by the gentle heat of a lamp. It is convenient to 
put a long strip of folded blotting-paper into the neck of the retort, which 
absorbs any liquid that may chance to go over, and prevents its soiling 
the mercury. With a little practical dexterity, clean and dry bottles 
may be conveniently filled with this gas in the way described in the note 
at page 366. 


The specific gravity of hydrochloric acid gas compared with air is. 


1269; and as it consists of equal volumes of hydrogen and chlorine 
(combined without change of volume), 100 cubical inches must weigh 
39°36 grains; for 


50 cubic inches of hydrogen weigh 1-069 
50 Sa chlorine - . 38°299 
100 He hydrochloric acid gas .. 39°368 


According to Thomson, 100 C. I. at 32° weigh 42-196 grains. 
Although permanently gaseous at all common temperatures and pres- 


sures, Mr. Faraday liquified this gas by generating it in a sealed tube, so — 


as to expose it to a pressure of about 40 atmospheres at 50°. It was 

colourless, and possessed a refractive power inferior to that of water. 
Hydrochloric acid gas is perfectly unrespirable; it extinguishes the 

flame of a taper, and is itself uninflammable. It irritates the skin. It 
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has a strong attraction for water: when it “escapes into the air-it forms 
visible fumes, arising from its combination with aérial vapour. A piece 
of ice let up into the gas over mercury, immediately liquifies and absorbs 
it: and if a tall jar of the gas be carefully transferred, with its mouth 
downwards, from the mercurial to the water-trough, the water instantly 
rushes in with violence, and fills it. Litmus-paper is powerfully reddened 
by this gas, and turmeric-paper receives from it a brown discoloration 
not unlike the effect of an alkali. 

Water takes up 480 or 500 times its bulk of hydrochloric acid gas, 
and has its specific gravity increased from 1 to 1-210. This may be 
shown by throwing up a few drops of water into a tall jar of the gas 
standing over mercury; the gas disappears, and the mercury fills the 
vessel. There is considerable elevation of temperature during this con- 
densation of the gas. 

For saturating any quantity of water with gases which are easily 
soluble in that fluid, we generally employ Woulfe’s apparatus, one form 
of which is shown in the annexed cut. a is a tubulated retort, in which 


235 


the materials producing the gas or vapour are contained; 6, a receiver, 
communicating by a bent tube with the three-necked bottle c, which is 
connected also by atube with d. These bottles are about half-filled with 
water, or any other fluid intended to be saturated with the gas; when 
that in c has become saturated, it passes into d, and afterwards through 
the tube e, which may be placed under the water, or mercury, in the 
pneumatic trough. In case absorption should take place in the vessels a 
or 6, the pressure of the external air might force the water from d into c, 
and from c into the balloon 6. This is prevented by the safety-tubes f f, 
which, dipping not more than half an inch under the surface of the water, 
allow a little air to enter, so as to compensate for the absorption. The 
different joints may be secured either by grinding, or by well-cut corks 
rendered tight by a mixture of drying-oil and pipe-clay. 

When gaseous hydrochloric acid is thus dissolved in water, it forms 
the liquid hydrochloric acid, commonly called muriatic acid, or spirit 
of salt, which was discovered by Glauber about the middle of the 
seventeenth century. It is generally procured by distilling a mixture 
of dilute sulphuric acid and common salt. The proportions directed 
in the London Pharmacopeia are two pounds of salt, and 20 ounces 
of sulphuric acid, diluted with 12 ounces of water. The retort con- 
taining these ingredients may be luted on to a receiver, containing 
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the same quantity of water used in diluting the sulphuric acid, and the 
distillation carried on in a sand-bath. The specific gravity of the product 
is stated to be 1:160, and 100 grains of it should be saturated by 132 
grains of crystallized carbonate of soda. The quantity of real acid in 
hydrochloric acid of different densities is best ascertained by the quantity 
of pure carbonate of lime (Carrara marble, for instance), which a given 
weight of the acid dissolves. Every 50 grains of the carbonate are equi- 
valent to 37 of real acid. 

In preparing this acid upon the large scale an apparatus of earthen- 
ware is sometimes used, similar to that described under the article Nitric 
Acid; the market, however, might easily be supplied with hydrochloric 
acid to any amount, were the demands adequate; for in the operations 
in which common salt is decomposed for the manufacture of carbonate of 
soda, enormous quantities of hydrochloric acid are thrown away. 

When this acid is pure, it is perfectly colourless, but it generally 
has a yellow hue arising from particles of cork or lute that have acciden- 
tally fallen into it, or sometimes from a little iron. Dr. Thomson sug- 
gests that the pale yellow tint occasionally observed in this acid apparently 
pure, may possibly arise from a trace of bromine, derived from the salt. 
The acid of commerce almost always contains iron and sulphuric acid, 
and sometimes nitric and sulphurous acid. The iron may be detected by 
the black tint produced by tincture of galls, in the acid previously satu- 
rated by carbonate of soda. If a dilute solution of chloride of barium, 
dropped into the acid, occasion a white cloud or precipitate, it announces 
sulphuric acid. The presence of nitric acid (and of free chlorine and 
bromine?) is shown by boiling some gold-leaf in the suspected hydro- 
chloric acid, and then dropping into it a solution of protochloride of 
tin, which, if nitric acid were present, produces a purplish tint, showing 
the gold to have been acted upon, which it is not by pure hydrochlorie 
acid. Sulphurous acid is indicated by the addition of a few crystals 
of protochloride of tin, which, after standing, produces a brown pre- 
cipitate, containing sulphur in combination with tin (GrRARDIN). Saline 
substances may be detected by evaporating the acid to dryness: when 
pure, it leaves no residue. 

The highly-concentrated liquid acid emits copious fumes when exposed 
to air: it boils at a temperature of about 112°*, and gives off the gaseous 


acid: it freezes. at—60°. When mixed with water, it occasions a slight — 
elevation of temperature. It is decomposed by many substances con-— 


taining loosely-combined oxygen, such as chloric, iodic, and bromic acids; 


and several of the metallic peroxides. Its decomposition by peroxide of 


* The variation of the boiling-point with the density of hydrochloric acid is shown 
in the following table by Dalton, from which it appears that it is highest when it 
contains between 19 and 20 per cent. of the gas: the strong acid becoming weaker, 
and the weak acid stronger by boiling. 
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manganese, for the production of gaseous chlorine, has already been re- ~ 
_ ferred to: in this case, oxygen is imparted by the oxide to‘the hydrogen of 
the acid, so as to form water, and the chlorine previously in combination 
with the hydrogen is liberated ; at the same time a chloride of manganese 
is formed. In this case, ] atom of peroxide of manganese, and 2 atoms 
of hydrochloric acid, give rise to the production of 2 atoms of water and 
1] atom of chloride of manganese, 1 atom of chlorine being evolved. The 
elements which are employed are 


1 atom Manganese .. = 28 2 atoms Hydrogen... = 2 

2 atoms Oxygen . .. = 16 2 ,, Chlorine:...°. . 46/72 

1 atom Peroxide of ) _ 2 4, Hydrochloric | _ 
Manganese . or its acid 1. } es ‘> 

The products of their mutual reaction are 

1 atom Manganese ,. = 28 2 atoms Hydrogen... = 2 

1 ,,. Chlorine. . . = 36 2 , Oxygen. ...= 16 

1 5, Chloride of i = 64 Dim ae, Water es? sects = 18 | 
Manganese . . 


1 atom Chlorine = 36. 


or, in symbols, (MAN +20) and 2(h+¢)=(man+c) 2(h+0) and c. 


The decomposition of hydrochloric by nitric acid will be afterwards 
explamed. When metallic zinc is put into strong liquid hydrochloric 
acid it is rapidly decomposed, and the hydrogen copiously evolved may be 
burned as it escapes: some peroxide of lead added to another portion of 
the acid immediately disengages chlorine, which may be shown by its 
bleaching power upon a piece of paper dipped in indigo blue: this ex- 
periment well illustrates the separation of the two elements of the acid. 
In the voltaic circuit its chlorine is evolved at the anode and its hydrogen 
at the cathode, so that when thus electrolysed, and tinged with indigo, a 
bleaching effect is produced at the anode (p. 311). | 

Uncombined hydrochloric acid exists in small quantity in the human 
gastric juice; it is not found in nature except as an occasional volcanic 

roduct. The principal uses of this acid are as a medicine, and in some 
of the arts, where it is chiefly employed as a solvent of metals. It has 
been used in the gaseous state as a disinfectant, but is more annoying, 
and less efficient than chlorine; indeed, by some, its disinfecting powers 
have been altogether denied. It is extremely injurious to vegetation: 
mixed with 20,000 times its volume of atmospheric air it proves fatal to 
plants, shrivelling and killing all the leaves in twenty-four hours. 
(Curistison and Turner.) 

The following tables by Mr. E. Davy and by Dr. Thomson show the 
value and atomic composition of hydrochloric acid of different densities: 
Dr. Ure, in his Dictionary, has also published a valuable and extended 
table upon the same subject; the data upon which it is formed and 
several important facts connected with this subject, will be found in hig 
paper relating to it in the Quarterly Journal of Science (xii. 286). 
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Specific | 100 Grains contain of 
Gravity. Hydrochloric Gas. 


Atoms of 
Waiter to 1 of 
Acid. 


1°2] 
1°20 
1°19 
118 


Real Acid in 
100 of the Liquid. 


40°66 
37°00 
33°95 
31°35 
29°13 
27°21 
25°52 
24°03 
22°70 
21°51 — 
20°44 
19°47 
18°59 
17°79 
17°05 


It. appears from Dr. Thomson’s table that the strongest liquid hydro- 
chloric acid contains 1 atom of real acid + 6 atoms of water; when this 
is evaporated in the air, acid escapes, and it comes, according to Graham, 
to contain 1 atom of acid + 12 of water; according to Dr. Clark, the 
acid which is unaltered by distillation contains about 16 atoms of water. 


Hyprocen AnpD Iopine; Hypriopic Actp. (h+1) or Ay or H I.— 
This compound of hydrogen and iodine was first examined by Davy and 
Gay Lussac. (Phil. Trans., 1814. Ann. de Chim., xci.) It cannot be 
obtained by the action of sulphuric acid upon iodide of sodium or potas- 
sium, because the hydriodic and sulphuric acids partially decompose each 
other, evolving iodine, and forming sulphurous acid and water. Hydri- 
odic acid may be formed by the direct union of its elements, as by passing 
a mixture of hydrogen and the vapour of iodine through a red-hot tube; 
but it is most easily procured by the mutual action of water, phosphorus, 
and iodine; or, what amounts to the same thing, by the action of iodide 
of phosphorus on water. In thus procuring it, it is convenient to use a 
retort tube, into the bulb of which is introduced the moist iodine, and a 
small stick of phosphorus, about a tenth part of the weight of the iodine, 
placed in the neck above it, which can be shaken down upon the iodine 
when the beak of the tube or retort is placed under the inverted jar; a — 
quantity of the gas is instantly generated, and a further portion is obtained 
on applying the flame of a spirit-lamp. In this case decomposition of the 
water and of the iodide ensue, and phosphorus and hydriodic acids are 
the results. Upon the same principle it may be obtained by previously pre- 
paring iodide of phosphorus, and gently heating it with a little water: if 
too high a temperature be used, phosphuretted hydrogen is also given off. 

According to D’Arcet, hydriodic acid gas may be obtained very pure 
by the following process:—Hydrophosphoros acid is to be evaporated 
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until upon the point of evolving phosphuretted hydrogen gas. It-is then 
to be put, with its weight of iodine, into a small tube retort; the gas is 
liberated, upon applying a gentle heat: 100 grains of the acid, and 100 
of iodine, afforded 120 cubicalinches. ‘The residue of the operation isa 
mixture of phosphoric acid, and of the compound of hydriodic acid and 
phosphuretted hydrogen. (Ann. de Ch. et Ph., xxxvii. 220.) 

Whichever process is followed, if the gas be received over mercury it 
should be transferred as fast as possible into an exhausted vessel, as it is 
otherwise soon decomposed. It may often be conveniently collected in 
dry phials, without a mercurial trough, by its density, as in the methods 
described in the note to p. 230. 

Hydriodic acid is colourless, sour, exhales fumes in the air, and smells 


- Tike hydrochloric acid. It strongly reddens vegetable blues. Its specific 


gravity compared with air is as 4°38 to 1; 100 cubic inches weighing 
about 136 grains (or 142-4 grains at the temperature of 32°. THomson). 
Compared with hydrogen its specific gravity is as 63°5 to 1. It is not 
permanent at a red heat, for when passed through a red hot porcelain’ 
tube it is partially resolved into iodine and hydrogen. 

Hydriodic gas is rapidly and abundantly absorbed by water, but in what 
exact proportion has not been determined. The solution, exposed to a 
temperature below 260°, becomes concentrated by loss of water; at about 
260° it boils, and may be distilled. The specific gravity of the strongest 
liquid acid is 1-7. It becomes dark-coloured when kept in contact with 
air, in consequence of a partial decomposition, and it readily dissolves 
iodine, becoming of a deep brown colour. It is decomposed by chlorine 
and by nitric and sulphuric acids. 

The liquid hydriodic acid is best prepared by passing sulphuretted 
hydrogen through a mixture of iodine and water: sulphur is deposited, 
and on heating and filtering the liquor, a pure solution of hydriodic acid 


is obtained, which may be concentrated by evaporation. It may also be 
_ obtained by heating iodine, phosphorus, and water: or by passing sulphu- 


retted hydrogen through a solution of 1 part of iodine in 16 of alcohol, 
filtering, diluting with 32 of water, and subsequent distillation to drive 
off the alcohol and excess of sulphuretted hydrogen. 

When hydriodic acid gas is mixed with oxygen, and passed through 
a red-hot tube, it is resolved into iodine and water. Its decomposition 
by chlorine produces hydrochloric acid, sometimes with explosion, and 
the blue vapour of iodine is rendered evident, but presently disappears 
in consequence of the formation of chloride of iodine. This decompo- 
sition is beautifully shown by suffering hydriodic acid gas to pass into 
a jar of atmospheric air, mixed with about a twelfth its bulk of chlorine; 
the violet fumes are then morepermanent. A little strong nitric acid 
dropped into hydriodic acid gas energetically decomposes it, with the 
evolution of so much heat that the gas is occasionally inflamed. (Turnezr.) 

The experiments of Gay Lussac have proved the composition of hy- 
driodic acid gas to be analogous to that of the hydrochloric: namely, that 
it consists of 1 volume of the vapour of iodine, and 1 of hydrogen: 
these produce 2 volumes of the acid. By the action, for instance, of 
mercury and some other metals, hydriodic acid gas is decomposed, the 
iodine being absorbed by the metal, and evolving from 2 volumes of the 
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gas, 1 of hydrogen: so that secdsi 
the annexed diagram repre- | mydrogen | _ Iodine. Hydriodie Acid, 
sents its composition. That 

such is the composition of 1 126 127 


this acid is also shown by its 
weight, for, 


Grs. 

50 cubic inches of hydrogen weigh .. . 1-06 
50; iodine vapour - « » 13492 
100 ,, . hydriodic gas ons & aESRDS 


Or, it consists of 
Volumes, Sp. Gr. 


Hydrogen Ete. Le 8 ee 0:069 
Todine Sek es Claes Oe 1 8°700 
Hydriodic acid 1 127. = 100°0 2 4°384 


Hydriodic acid dissolves iodine; so likewise do the solutions of iodide 
of potassium and of zinc; taking up a quantity of iodine equal to that 
which they already contain: these compounds have been termed ioduret- 
ted iodides, and are by some considered as containing a peculiar acid 
which may be termed hydriodous acid, composed of 1 atom of hydrogen 
— 1 + 2 of iodine = 126 x 2 — 252. 

The hydriodic acid is not found uncombined in nature; some of its 
combinations have already been mentioned under the head of iodine. 
Its presence may be detected by mixing a cold solution of starch with the 
liquid suspected to contain it, and then adding a few drops of a solution 
of chlorine or of nitric or sulphuric acid: this liberates iodine, and pro- 
duces a blue tint. 


Hyprocen anp Bromine. Hypropromic Actv. (+56) or AD’ or 
HBr. Bromine and hydrogen do not act upon each other, even under 
the influence of the sun’s rays, at common temperatures; but when bro- 
mine, phosphorus, and water, are brought into contact, a decomposition © 
ensues analogous to that described under the article hydriodic acid; and 
hydrobromic gas is generated, which may be collected over mercury, or 
in dry phials. Hydrobromic gas may also be obtained by acting upon a 
mixture of bromine vapour and hydrogen by a coil of red-hot platinum ~ 
wire: and it is evolved when bromide of potassium is decomposed by 
sulphuric acid, but in this case a portion of it is apt to be decomposed. _ 

This gas is colourless, sour, of a pungent and highly-irritating odour, 
and yields dense vapours when mixed with humid air. It undergoes no 
change when passed through a red-hot tube, either alone or mixed with 
oxygen or iodine; but chlorine decomposes it, producing vapour and 
drops of bromine, which, being absorbed by mercury, leaves hydrochloric 
acid. We learn, therefore, that the attraction of bromine for hydrogen 
exceeds that of iodine, but is inferior to that of chlorine. The attraction — 
of oxygen, and of bromine for hydrogen, is probably nearly equal; for 
bromine does not decompose water, nor does oxygen decompose hydro- — 
bromic acid. Hydrobromic gas is not altered by mercury, but tin and — 
potassium entirely decompose it; the former requires the aid of heat ; 
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_but potassium acts at common temperatures, diminishing the gas*to half 


its bulk, and becoming converted into a bromide of potassium. Hence it 
appears that the constitution 
of hydrobromic acid is ana- 
logous to hydrochloric and 
hydriodic acids, and that it 
consists of equal volumes of 
hydrogen and bromine vapour. The weight therefore of 100 cubic inches 
of hydrobromic acid will be as follows:— 


Hydrogen. } Bromine. Hydrobromic Acid. 


1 ie 


Grs. 

50 cubic inches of hydrogen weigh . . . 1°06 

OU ss, 3 bromine vapour . . . 84:00 

100) ° 55 ff hydrobromic gas . . . 85°06 

Or, it consists of 

’ Volumes. Sp. Gr. 
Hydrogen reer lc a4 et me OGG. ve bol eee ae) 
Bromine Bb saw Og ies OO Se oe dy eae aU 
Hydrobromic acid 1 79 100:000 2 2°734 


Hydrobromic acid gas is rapidly absorbed by water; heat is evolved, 
and a fuming liquid acid obtained, which is colourless when pure, but 


which readily dissolves bromine, and acquires a yellow colour. -This acid 


may also be obtained by the action of sulphuretted hydrogen on bromine 
and water. It is instantly decomposed and discoloured by chlorine. 
Nitric acid also decomposes it, producing the evolution of bromine, and 
the formation of water and nitrous acid. This mixture dissolves gold. 


“Hydrobromic acid is not readily decomposed by sulphuric acid; but on 


decomposing bromide of potassium by sulphuric acid, a little sulphurous 
acid is generally formed. 


Hyprocen-and Fruorinse—Hyprorivoric Aci. (A+ ff ) or hf’ or 
HF’. This acid was made known by Scheele: the process for procuring it 


pure was first suggested by Mr. Knight (Pil. Mag., xvii. 357.) Its pro- 


perties were examined by Gay Lussac and Thenard in 1810. (Recherches 


Physico-chimiques.) When finely-powdered fluoride of calcium, or fluor 
spar, as it is usually called, (carefully selected for its purity,) is distilled 
with twice its weight of sulphuric acid, a highly volatile and corrosive 
liquid, which is hydrofluoric acid, is obtained; it acts powerfully on glass 
and most of the metals: the retort employed in the experiment may be 
of lead, with a tube and receiver of pure silver; the receiver must be 
immersed in a mixture of ice and salt. The product is best preserved 
in a silver bottle, with a well-fitted stopper of the same material. When 
pure, it is clear, colourless, very volatile, and smokes when exposed to 
air: at temperatures above 60° it flies off in vapour. Its specific gravity 
is 1:0609; but by the gradual addition of a certain proportion of water it 
acquires a considerable increase of density, the mixture having a specific 
gravity of 1:25. Its attraction for water exceeds that of sulphuric acid; 
and when dropped into water it excites a hissing noise, and great heat 
is evolved. Its vapour is dangerously pungent and irritating, and the 


liquid acid eminently active upon organic substances ; «a minute drop of 


it upon the skin produces a painful sore, and in larger quantities danger- 
2D2 
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ous and malignant ulceration: hence the vessels containing it require to 
be handled with great caution. Its most characteristic property is the 
energy with which it acts upon glass: its vapours soon destroy the polish 
and transparency of all neighbouring glass vessels, and when dropped 
upon glass, great heat and effervescence are produced, and dense fumes 
evolved, consisting of fluosilicic acid. Diluted with about six parts of 
water, the acid may be used for etching upon glass, which it effectually 
accomplishes in a few, minutes. 

The nature of this powerful and peculiar acid is as yet imperfectly 
understood, its basis, fluorine, not having been obtained in an insulated 
form. All analogy, however, leads us to regard it as a compound of 
fluorine and hydrogen. In the voltaic circuit hydrogen is evolved from 
it at the negative electrode, and the positive platinum wire corroded and 
converted into a brown compound, probably of fluorine and platinum. 
Many of the metals also decompose it with the evolution of hydrogen; 
and peculiar compounds result, fluorides, consisting of the metal in com- 
bination with fluorine. The action of potassium upon this acid is very 
energetic; it is attended by explosion, by the liberation of hydrogen, and 
by the formation of a peculiar soluble saline compound, which is con- 
sidered as a fluoride of potassium. Kuhlman’s experiments are also quite 
consistent with these views: he found that pure fluor spar (fluoride of 
calcium) was not in the least acted upon, even at a red-heat, by anhy- 
drous sulphuric acid; and that when hydrochloric acid was transmitted 
over fluor spar at a red heat hydrofluoric acid was disengaged and chlo- 
ride of calcium formed. It cannot therefore be doubted that hydrofluoric 


acid, as originally suggested by Davy, is analogous to the other hydracids — 


(Phil. Trans., 1813, p. 263): 
that it may therefore be re~- Hydrogen. | Fluorine. Hydrofluorie Acid. } 
garded as composed of equal | 
volumes of hydrogen and 1 19 
fluorine combined, without 
condensation. 100 cubic inches of its vapour would therefore weigh 
20:2 grains, for, 


50 cubic inches of hydrogen . . = 1:06 
50 i fluorine = 19°14 
100 hydrofluoric acid = 20°20 


Hence, therefore, its atomic constitution is 


Tiydroven : 400") Aa he ae oot BB a eee 
Fluorine oe ett lh bs 10895 Ls W945] os, 2. ed ees 
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Hydrofluoric acid 1 19 - 100°0 


§ VII. NITROGEN. 


NirroceEn, or Azote was first recognised as a distinct aériform fluid by 
Dr. Rutherford in 1772. (Thesis, De Aére Mephitico.) Dr. Priestley called 
it phlogisticated air. 

Nitrogen may be obtained by burning phosphorus in a confined portion 
of atmospheric air. For this purpose a tall glass jar should be selected, 


aE a 


; 
: 
: 
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open at bottom, and stopped at the top: a small Wedgwood basin con- 
taining a sufficiency of inflamed phosphorus is then set afloat in the 


_ water-trough, and the jar, without its stopper, immediately inverted over 


it. A quantity of air is at first expelled by the heat: the stopper is then 
replaced, and the combustion goes on for some time; when it has ceased, 
and the apparatus has cooled, the basin is easily removed by agitating the 
jar, so as to sink it through the water; the residuary gas is then 
thoroughly washed with lime water, and is nitrogen nearly pure. 
Another mode of obtaining nitrogen, which furnishes it in a state of 
considerably purity, consists in passing chlorine into a strong aqueous 


_ solution of ammonia. This may be done by nearly filling a Wolfe’s bottle 


with two necks with the solution, and passing gaseous chlorine into it from a 
retort containing hydrochloric acid and oxide of manganese; a bent tube 
issuing from the other neck passes under the shelf of the pneumatic appa- 
ratus, and through it the nitrogen escapes, and may be collected; but care 
should be taken to leave excess of ammonia in the bottle. In this expe- 
riment ammonia, consisting of hydrogen and nitrogen (see Ammonta), is 
decomposed by the chlorine, which unites with its hydrogen to form 
hydrochloric acid, and gaseous nitrogen is evolved: a solution of 
hydrochlorate of ammonia is at the same time obtained, and if excess of 
chlorine be used, chloride of nitrogen, a dangerously explosive compound, 
may be formed. If the ammoniacal solution be very concentrated, the > 
bubbles of chlorine often produce flashes of light and slight explosions: 
these are harmless, and may be prevented by dilution of the ammonia. 
The following is the disposition of the apparatus: a is the retort and 
tubulated receiver containing the materials for the evolution of chlorine ; 
6 the two-necked bottle about three-fourths filled with strong liquid 


ammonia; c a bent tube, carrying the evolved nitrogen into the water- 


trough, where it is collected in the inverted Jar d. 


According to Berzelius, the purest nitrogen is obtained by filling a 
bottle about one-third full of a liquid amalgam of lead and mercury, 
carefully stopping it, and agitating it with the included air for two hours 
or more; the highly-divided lead absorbs the oxygen, and leaves pure 
nitrogen. On opening the bottle under water, the liquid rushes in, and 
demonstrates the degree of absorption. 

If equal weights of iron-filings and sulphur be made into a paste with 
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water, and exposed to a confined portion of atmospheric air, it will, in 
the course of forty-eight hours, absorb the oxygen, and leave the nitrogen __ 
nearly pure. 

There are many other processes by which nitrogen may be obtained, 
some of which will be further noticed under the article Atmospheric Air. 

It is also frequently evolved during the decomposition of animal matter. 
If lean muscular flesh, for instance, be heated in nitric acid diluted with 
ten or twelve parts of water, this gas is given off, though not pure: these 
cases of its evolution will be more particularly explained afterwards. 
When nitrogen gas is required deprived of moisture, it may be dried by 
exposure to fragments of quicklime, or of fused chloride of calcium. 

. Nitrogen is a permanently elastic colourless gas, with neither smell 
nor taste, having no action upon vegetable colours or upon lime-water ; 
neither is it absorbed by water, except that fluid has been deprived of its 
ordinary portion of air by long boiling, when it takes up about one and a 
half per cent. Its refractive power in regard to light is to that of atmo- 
spheric air as 1:0340 to 1:0000. Itis rather lighter than atmospheric | 
air, compared with which its specific gravity is 0-972: 100 cubic inches 
weigh at mean temperature and pressure 30:16 grains. At 32° the 
weight of 100 cubic inches is 31°879 grains. (TuHomson.) Its specific 
gravity in reference to hydrogen is as 14 to 1. 

An animal immersed in nitrogen is instantly suffocated, whence it was 
called by Lavoisier azole (from a, privative, and wn, life): but if that term 
be taken in its strict sense, all gaseous bodies (excepting atmospheric air) 
might be included under it; for even oxygen itself will not indefinitely — 
support life: moreover, nitrogen, as it exists in the atmosphere, mixed 
with oxygen, appears to be absolutely essential to animal life; for no 
other gas can be substituted for it. Its influence in respiration, as a 
component of atmospheric air, will be considered afterwards. It is con= 
tained in almost every form of animal matter. If we consider the term - 
nitrogen as merely implying that it is a component of nitric acid, it is’ 
explicit and unobjectionable; 1, therefore, adopt it in preference to that 
of azote. 

Nitrogen is, in the strictest sense of the word, a non-supporter of 
combustion; for all burning bodies are immediately and perfectly extin- 
guished by it: this is the case with the flame of a taper, with phosphorus __ 
in intense combustion, and even with potassium, which, however highly 
heated, shows no inclination to burn in pure nitrogen. a 

The electro-chemical relations of nitrogen are still obscure, and 
whether it is or is not an Yon has not been determined. How far it de- 
serves to be called an inflammable substance is not obvious: its attraction 
for oxygen is not powerful, and the two bodies when mixed in their 
gaseous state show no tendency to combine; they do, however, unite in 
several proportions; but their compounds are formed at low temperatures; 
or the nitrogen and oxygen are presented to each other in their nascent 
states, that is, before one or both of them have acquired the independent 
gaseous form. The same remark applies to all compounds of this gas. 

Under certain circumstances, however, nitrogen may be made to un- 
dergo a kind of combustion, as when electric sparks are passed through _ 
atmospheric air, or through a mixture of one volume of nitrogen with — . 


me 
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two or three of oxygen; in this case each spark will be attended by the 
production of a trace of nitric acid, and after some hundred sparks, the 
blue of litmus will be changed to red (p. 325). Here combustion appears 
to take place in that portion of the gas immediately subject to the action 
of the sparks; but the temperature of the surrounding gas is not thus 
sufficiently elevated to enable the combustion to spread beyond the im- 
mediate sparks. Berzelius has well compared this action to that which 
ensues when sparks are passed through a mixture of hydrogen and a large 
relative quantity of atmospheric air or of oxygen; in that case no general 
combustion of the mixture is effected; but water is slowly formed by the 
action of each successive spark upon the portion of the gaseous mixture 


_ immediately subjected to its heating influence; and it is probable that the 


electric spark made to act upon mixtures of nitrogen and oxygen under 
considerable pressure might be more effective in inducing combination ; 
but few of the nitric compounds are stable, or capable of sustaining a 


continued red heat without decomposition. 


If a mixture of nitrogen with twelve or fourteen volumes of hydrogen 
be set fire to as it issues from a small tube, and burned either in common 


_ air orin an atmosphere of oxygen, water and nitric acid will be formed; 
so that in this case the nitrogen may be said to undergo combustion by 


the aid of the elevated temperature of the flame of hydrogen; but it must 
be recollected that in these cases nitric acid could not be produced 
without the presence of water, and that it may tend to dispose an union 
which would not otherwise take place. The formation of a trace of nitric 
acid when hydrogen is burned in common air is referable to the same cause. 
| Much discussion has arisen respecting the nature of nitrogen; and 
the question has been agitated, whether it is or is not a simple body; but 
although many ingenious surmises have been published on the subject, 
and many analogies suggested in favour of its compound nature, no 
experimental proofs have been hitherto adduced: Sir H. Davy (Elements 
of Chem. Philos., 474) and Berzelius have each discussed this question, 
chiefly in reference to the phenomena of the supposed metallisation of 
ammonia (see Mercury ); and the latter has proposed the name nitricum 
for the imaginary base of nitrogen, assuming that gas to be a suboxide. 
(Lehrbuch, i. 208.) He has also adverted to the apparent formation of 
nitrogen by graminivorous animals, but this question will more properly 
be considered when upon animal products. 


Nitrogen anp Oxycen.—These bodies unite in Jive proportions, and 
form the compounds called, 


1. Nitrous oxide : : : . (N+0) 


2. Nitric oxide : : , - (N+ 20) 
3. Hyponitrous acid . : ; . (N+ 30) 
4. Nitrous acid : : : » (N+40) 
5. Nitric acid. ; ; ; » (N+ 50) 


ProtoxipE or Nirrocen. Nirrovs OxipeE (%+0) NO, or N, was 
discovered by Dr. Priestley, in the year 1776; he called it dephlogisti- 
cated nitrous air: it has also been called gaseous oxide of azote. It may 
be formed by exposing nitric oxide (N+ 2 0) to the action of iron-filings, 
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or of a mixture of sulphur and iron-filings, by which one equivalent of 


its oxygen is absorbed, and the remaining elements left in such propor- — .3 


tions as to constitute nitrous oxide. But the gas thus procured is not 
pure. It is most easily and abundantly obtained in a state of purity by 
heating nitrate of ammonia in a glass retort over an Argand lamp, to a 
temperature of about 420°. The gas which passes off, provided the salt 


be pure, and the temperature not too high, may be collected over warm 


water, and is pure zitrous ovide. If the nitrate of ammonia contain a 
mixture of the hydrochlorate, the gas will be contaminated by chlorine; 
and if too much heat be used in the decomposition of the pure salt 
(which may be known by white vapours appearing in the retort) it will 


contain nitric oxide. The salt should be kept ina state of gentle ebul-. 


lition, so as to maintain a quick but not violent evolution of gas. 


The presence of chlorine in nitrous oxide is ascertained by its smell, 


~and may be avoided by using pure nitrate of ammonia, the solution of 
which should not be rendered turbid by nitrate of silver. Nitric oxide 
is detected in it by the appearance of red fumes on mixing the gas with 
oxygen: it may be abstracted by agitating it with a solution of protosul- 


phate of iron, which has no action upon nitrous oxide, but absorbs the ~ 


nitric oxide, and acquires a deep olive colour. If nitrous oxide be mixed 


with oxygen or with common air, it affords red fumes upon adding to 
it a few bubbles of nitric oxide, and it is not, as it ought to be, entirely — 


absorbed when agitated with thrice its bulk of cold water. 

100 cubic inches of nitrous oxide weigh 47°220 grains; its specific 
gravity, therefore, to hydrogen, is as 22 to 1; and to atmospheric air as 
1524 to 1000. At the temperature of 32°, 100 cubic inches weigh 
49°978 grains. (THomson.) Its taste is sweet, and its smell peculiar, but 
agreeable, It is absorbed when agitated with water, which takes up 
about its own bulk, and evolves it unchanged when heated; it should, 
therefore, be collected and preserved in stopped bottles. 


Nitrous oxide was generally considered not only as unrespirable, but 


as eminently noxious; the attempts, however, that had been made to 
breathe it, were with an impure gas: when obtained perfectly pure, Sir 
H. Davy found that it might be breathed when mixed with common air, 
without any injurious effects, and he afterwards ventured upon its respi- 
ration in a pure state, and discovered its singular effects upon the system, 


which in many respects resemble those of intoxication. (Researches — 
Chemical and Philosophical, chiefly concerning Nitrous Oxide. London, ° 


1800.) The experiment of breathing this gas, however, cannot be made 
with impunity, especially by those who are’ liable to a determination of 


blood to the head. The following accounts will serve to give a general. 


idea of its singular powers. They are quoted from Sir H. Davy’s Re- 
searches, in which many important details concerning the effects of dif- 
ferent gaseous bodies upon the system will be found. ‘The first account 
is by Mr. Tobin, and the second by Dr. Roget :— 
“On the 29th of April I breathed four quarts from and into a silk 
bag. The pleasant feelings produced at first, urged me to continue the 
inspiration with great eagerness. These feelings, however, went off 
towards the end of the experiment, and no other effects followed. The 


gas had probably been breathed too long, as it would not support flame. — 


4, 
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+ ap} Hien proposed to Mr. Davy, to inhale the air r by the mouth from one 


bag, and to expire it from the nose into another. This method was pur- 
“sued with less than three quarts, but the effects were so pow erful as to 
oblige me to take in a little common air occasionally. I soon found my 
nervous system agitated by the highest sensations of pleasure, which are 
difficult of description; my muscular powers were very much increased, 
and I went on breathing with great vehemence, not from a difficulty of 
inspiration, but from an eager avidity for more air. When the bags were 
exhausted and taken from me, I continued breathing with the same — 
violence; then suddenly starting from the chair, and vociferating with 
pleasure, I made towards those that were present, as I wished they should 

participate in my feelings. I struck gently at Mr. Davy; and a stranger 
 qutéring the room at the moment, I made towards him, and gave him 
seyeral blows, but more in the spirit of good humour than of anger. I 


aa 


ran through different rooms in the house, and at last returned to the 
laboratory somewhat more composed; my spirits continued much elevated 
for some hours after the experiment, and I felt no consequent depression 
either in the evening or the day following, but slept as soundly as 
usual.” 

Dr. Roget states as follows:—“ The effect of the first inspirations of 
the nitrous oxide was that of making me vertiginous, and producing a 
tingling sensation in my hands and feet ; as these feelings increased, I 
seemed to lose the sense of my own weight, and imagined I was sinking 
into the ground. I then felt a drowsiness gradually steal upon me, and 
a disinclination to motion: even the actions of inspiring and expiring 
were not performed without effort; and it also required some attention 
of mind to keep my nostrils closed with my fingers. I was gradually 
roused from this torpor by a kind of delirium, which came on so rapidly | 
that the air-bag dropt from my hands. This sensation increased for 
about a minute after I had ceased to breathe, to a much greater degree 
than before, and I suddenly lost sight of all the objects around me, they 
being apparently obscured hy clouds, in which were many luminous 
points, similar to what is often experienced on rising suddenly and 
stretching out the arms, after sitting long in one position. I felt myself 
totally incapable of speaking, and for some time lost all consciousness of 
where I was, or who was near me. My whole frame felt as if violently 
agitated: I thought I panted violently; my heart seemed to palpitate, and 
every artery to throb with violence; I felt a singing in my ears; all the 
_ vital motions seemed to be irresistibly hurried on, as if their equilibrium 
had been destroyed, and everything was running headlong into confusion. 
My ideas succeeded one another with extreme rapidity, thoughts rushed 
like a torrent through my mind, as if their velocity had been suddenly 
accelerated by the bursting of a barrier which had before retained them 
in their natural and equable course. This state of extreme hurry, agita- 
tion, and tumult, was but transient. Every unnatural sensation gradually 
subsided; and in about a quarter of an hour after I had ceased to. breathe 
the gas, I was nearly in the same state in which I had been at the com- 
mencement of the experiment. I cannot remember that I experienced 
the least pleasure from any of these sensations. I can, however, easily 
conceive, that by frequent repetition I might reconcile myself to them, 
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and possibly even receive pleasure from the same sensations which were __ 


_ 


then unpleasant. I am sensible that the account I have been able to give __ 


of my feelings is very imperfect. For, however calculated their violence 
and novelty were to leave a lasting impression on the memory, these cir- 
cumstances were for that very reason unfavourable to accuracy of com- 
parison with sensations already familiar. The nature of the sensations 
themselves, which bore greater resemblance to a half-delirious dream than 
to any distinct state of mind capable of being accurately remembered, 
contributes very much to increase the difficulty, and as it is above two 
months since I made the experiment, many of the minuter circumstances 
have probably escaped me.” 

Nitrous oxide is not permanently elastic; for by subjecting it to a 
pressure of about 50 atmospheres at the temperature of 45°, Mr. Faraday 
obtained it in the liquid form. It was thus procured by sealing up some 
nitrate of ammonia in a bent tube and heating it, while the other end 
was kept cool. Many explosions occurred with very strong tubes, and 
the experiment is always attended with risk. The tube, when cooled, is 
found to contain two fluids: the heavier is water, a little acid; the lighter, 
liquid nitrous oxide; it is limpid, colourless, and so volatile, that the heat 
of the hand generally makes it disappear in vapour. The application of 
ice and salt condenses it again. It has not been congealed by cold. Its 
refractive power is less than that of any known fluid. A tube being 
opened in the air, the nitrous oxide immediately burst into vapour. 
Another tube was opened under water, and the vapour collected and 
examined proved to be nitrous oxide. (Phil. Trans., 1823, p. 195.) 

Nitrous oxide supports combustion, and a taper introduced into it has 
its flame much augmented, and surrounded by a purplish halo. Phos- 
phorus and sulphur, when introduced in a state of vivid ignition into this 
gas, are capable of decomposing it, and burn with the same appearance 


nearly as in oxygen; but if, when put into the gas, they are merely ~ 


burning dimly, they then do not decompose it, and are extinguished; so 
that they may be melted in the gas, or even touched with a red-hot wire 
without inflaming. Charcoal, and many of the metals, also decompose 
nitrous oxide at high temperatures. 

Atared heat this gas is decomposed, and two volumes of it are 
resolved into two volumes of nitrogen and one volume of oxygen, so that 
it thus suffers an increase of bulk. For experiments of this kind the 
following simple apparatus may be used; it consists of two bladders, one 
of which is filled with the gas, and the other empty, attached to the 
extremities of a coated 
porcelain or platinum 
tube, which traverses 
the body of a furnace. 
The bladders are sup- 
plied with stop-cocks, 
and the gas is squeezed from one to the other when the tube is red-hot. 

The analysis of this gas may also be effected by detonation with 
hydrogen. When a mixture of one volume of nitrous oxide and one 
volume of hydrogen is fired by the electric spark, water is produced, and 
one volume of nitrogen remains. Now, as one volume of hydrogen takes 
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_ half a volume of oxygen to form water, nitrous oxide must consist of two 


volumes of nitrogen and one volume of oxygen; these three volumes being 


Le Sewn, 


. 


so condensed, in consequence of chemical union, as only to fill the space 
of two volumes. The specific gravity 
of nitrogen, compared with oxygen, is 

Nitrous 

Oxide. very nearly as 14 to 16; the compo- 

sition, therefore, of the nitrous oxide, 

may be represented as annexed: and as 


Nitrogen. 


Oxygen. 
8 


14 22 


Grains. 

100 Cubic inches of nitrogen weigh . . . <. 30°166 
50 fe oxygen Ree ee, ro ee ete | 
100 ‘A nitrous Oxide’ U."*.°". fk 47220 


Hence, regarding this gas as a protoxide, the equivalent number of 
nitrogen will be 14, or, according to Dr. Turner and Berzelius, 14°15 
(Phil. Trans., 1833), and nitrous oxide will be constituted as follows:— 


Davy. Volumes. 8. G. 100 C.I. 
Nitrogen Bice PAR oe GBC 2. 683 io as BO OO TS ate, 30" h6G 
Oxygen te Bel Man OE Aes ge OU fe 6 gf OO oe lg Zoe kaa 
Nitrous oxide 1 22 1000 100°0 1:0 1°52 47°220 | 


DevtoxipE oF Nitrogen, BrnoxipE or Nitrogen, Nirric Oxinz, 


or Nirrous Gas, (+70) orN or NO2, was first procured by Mayow 
(History of Chemistry, p. 36), but its properties were first accurately 


studied by Priestley. It is usually obtained by presenting certain sub- 


stances to nitric acid, which abstract a portion of its oxygen, leaving the 
remaining elements in such proportions as to constitute the gas in 
question; for this purpose some copper-filings or clippings may be put 
into a gas-bottle with nitric acid diluted with thrice its bulk of water; an 
action ensues, red fumes are produced, and there is a copious evolution 
of the gas, which may be collected and preserved over water. The first 
portions should be rejected, as containing nitrogen and nitrous acid gas. 
Nitric oxide is presently recognised by the red fumes which it produces 
when brought into the contact of air. 

Nitric oxide is a colourless, uncondensible gas; its specific gravity to 
hydrogen is as 15 tol. 100 cubic inches weigh 32°137 grains; and, 
compared with air, its specific gravity is as 1-038 to 1000. According to 
Thomson its specific gravity is 10416, and at the temperature of 32° 
100 cubic inches weigh 34:1543 grains. Under common circumstances 
it is permanent over water; but if agitated with water previously deprived 
of air by long boiling, it is dissolved in the proportion of about 1 volume 
to 20. This solution, when long kept, is found to contain nitrate of 
ammonia, resulting from the joint decomposition of the nitric oxide and 
the water. 

It is instantly fatal to animals; but as it will always meet with a 
sufficiency of oxygen in the lungs, to convert a part of it into nitrous 
acid, its abstract effects cannot be determined. An account of. an attempt 
to breathe it will be found in Sir H. Davy’s Researches, &c., p. 475. 
When it has been washed with water it is not acid, as may be proved by 
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the colour of litmus remaining unchanged by it. It extinguishes the — 
flame of a taper, and that of sulphur, but phosphorus readily burns in it, 
if introduced in intense ignition, although it also is extinguished unless 
it be in vivid combustion. In this case the phosphorus decomposes the — 
gas, nitrogen is evolved, and phosphoric acid formed. Charcoal also 
decomposes it at a high temperature, the results being carbonic acid and 
nitrogen. | 
' Nitric oxide is not altered by a low red-heat, but it is decomposed 
when passed and repassed through small tubes heated to bright redness, 
more especially if the heated surface is increased by filling them with 
fragments of rock crystal: it does not detonate when mixed with two 
volumes of hydrogen, and subjected to the electric spark; a succession of 
sparks, however, passed through such a mixture, slowly effects the decom- 
position of a portion of the gas: the same mixture is also decomposed by 
spongy platinum at common temperatures, and water and ammonia are 
formed. When this mixture with hydrogen is kindled bya taper it burns 
with a green flame, and water and nitrogen are the products. Dr. Henry 
has shown that nitric oxide detonates with ammonia (Phil. Trans., 1809,) 
in the proportion of 150 measures of the former to 100 of the latter. 
These gases also slowly act upon each other at common temperatures. 
Gay Lussac found that in about a month they were reduced to half their 
joint volume, and that nitrogen was evolved. Some substances which 
have a strong attraction for oxygen, effect a partial decomposition of the 
nitric oxide, and convert it, at common temperatures, into nitrous oxide ;_ 
such, for instance, as moist iron-filings, some of the alkaline sulphurets, 
some of the sulphites, and protochloride of tin; in which cases two 
volumes of nitric oxide afford one of nitrous oxide. Nitric oxide may 
also be decomposed by the action of some of the metals at high tempera- 
tures, which absorb its oxygen. Sir H. Davy decomposed it by heated 
arsenic, and by the ignition of charcoal. (Elements, 260.) Gay Lussac 
decomposed 100 measures of 
it by the action of heated 
potassium: 50 measures of 
pure nitrogen remained, and 
rn the loss of weight corre- 
sponded to 50 measures of oxygen; so that one volume of nitric oxide is 
thus resolved into equal volumes of oxygen and nitrogen. (Mémoires 
d’Arcueil.) Nitric oxide, therefore, is constituted of one volume of 
nitrogen and one volume of oxygen, combined as in the above diagram, 
without change of volume; 


Nitrogen. 


Nitric Oxide. 


14 30 


Grains. 
or 50 Cubic inches of nitrogen, weighing . ... 15°083 
and 50 re oxygen 3 »-e « 17054 
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form 100 “y nitric oxide —_,, oe -« -32°137 


The following, therefore, is the composition of this gas :— 

Berzelius. Vols. Sp. Gr. 100 C.I. 
Naregom. 5-1) yg | «46°67 6.) 46-754. 1 07. owe 
Myeet ip 3 22 gM ~ 53°33"). -53'246°.. Fol ilo. . 17-05 
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The most characteristic property of nitric oxide, by which it is imme- 
diately distinguished from all other gases, is, that of forming the red 


fumes of nitrous acid vapour when mixed with oxygen: hence these 


gases are mutually used to detect each other’s presence; and as the 
nitrous acid is wholly absorbed by water, oxygen may be abstracted from 
any gaseous mixture containing it in an uncombined state, by the addition 
of a sufficient quantity of nitric oxide; and, on the other hand, nitric 
oxide may be removed by the addition of oxygen. Priestley, who was 
the first to attempt accurate experiments upon this subject, conceived 
that the absorption was at all times uniform; but subsequent experiments 
have shown that it is subject to variation, more especially dependent upon 
the presence or absence of water. Although, therefore, nitric oxide may 
be conveniently used to ascertain the presence of oxygen, it cannot be 
relied on as an indicator of its proportional quantity; and although Dalton 
(Ann. of Phil., x. 38,) and Gay Lussac (Mém. d’Arcueil, ii. 247,) 
have each proposed methods by which they conceive accuracy may be 
ensured, they are not such as to admit of general: application. The best 
mode of using the nitric oxide to determine the proportion of oxygen to 
that of nitrogen in the atmosphere, will be noticed under the head of 
Atmospheric Air (EupIoMETERs). 

Solutions of the protochloride and protosulphate of iron have the 
property of absorbing nitric oxide gas; the colour of these solutions is 
deep olive, and they speedily absorb oxygen when exposed to, or agitated 
with air, or other mixtures containing it. (See Evpiomerers.) This 
property also enables us to ascertain the purity of nitric oxide, which 
ought to be wholly absorbed by the solution of iron: some nitrogen or 
nitrous oxide are thus generally detected in it, and remain unabsorbed. 
According to Peligot (Ann. C.and P.,uiv. 17), the proportion of nitric oxide 
absorbed by protosulphate of iron is definite, and in the ratio of one equi- 


valent of the nitric oxide to four of the protoxide of iron; by exposure to 


a vacuum the nitric oxide escapes and the salt of iron remains unaltered ; 
but when heated, a part only of the nitric oxide is evolved, and part is 


_ decomposed, and peroxide of iron and ammonia are formed: when this 


solution is exposed to air or oxygen, nitric acid is ultimately produced. 
When nitric oxide is perfectly dry, chlorine exerts no action upon it, 


but the presence of water causes an immediate change; it is decomposed, 


and, furnishing oxygen to the nitric oxide, and hydrogen to the chlorine, 
nitrous and hydrochloric acids are generated. It was the presence of 
water which misled those who thought that the red fumes produced by 
mixing nitric oxide and chlorine, not carefully dried, resulted from the 
existence of oxygen in chlorine. 

CutoronitRous Gas.—According to E. Davy (Phil. Mag., ix. 355,) 
when fused chloride of sodium is moistened with nitric acid, a pale 
reddish yellow gas is evolved, composed of equal volumes of chlorine and 
nitric oxide, combined without condensation. 


Hyponitrous Acip. Azorous Acip. Nitrous Acip of Graham, Ber- 


~w eee 
zelius, and most foreign authors. (”% + 30) or N, or NO3 or N.—Gay 
Lussac concluded, from his experiments, that there exists a compound of _ 
nitrogen and oxygen intermediate between nitric oxide and nitrous acid, 
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which he termed pernitrous acid, but to which the term hyponitrous acid 
is more applicable. (Ann. de Chim. et Phys., i. 399.) He found by 
mixing nitric oxide and oxygen in tubes standing over mercury, and con- 
taining a little concentrated solution of potassa, that 400 volumes of 
nitric oxide were condensed under such circumstances by 100 of oxygen. 
When, however, he attempted to decompose the hyponitrite of potassa 
thus obtained, nitric oxide was evolved, and nitrous acid formed. The 
liquid hyponitrous acid, he says, may be obtained by the distillation of 
nitrate of lead; it passes over in the form of a red vapour, condensible 
in a receiver surrounded by ice; it evolves nitric oxide when diluted with 
water: it boils at 80°. There is, however, reason to believe that the 
compound thus obtained is chiefly nitrous acid; but considerable diffi- 
culty occurs in reconciling the opinions of Gay Lussac and Berzelius upon 
these acids, the latter chemist applying the term nitrous acid (Salpetrichte 
Saure) to the pernitrous (hyponitrous) acid of the former, 
Dulong obtained hyponitrous acid mixed with nitrous acid, by passing 
a mixture of 1 measure of oxygen with somewhat more than 4 of nitric 
oxide, first through a tube filled with fragments of porcelain to ensure 
perfect mixture, and afterwards through a bent tube, cooled below 0°: 
the acid collected in the curvature was a dark-green fluid, more volatile 
than nitrous acid, and when distilled leaving a 
yellow fluid, which appeared to be nitrous acid. 
This acid, as well as the nitrous acid, appears to 
form a crystallizable compound with the hydrous 
sulphuric acid, which we shall describe after- 
wards. The component volumes of nitrogen and 
_———__ oxygen in the hyponitrous acid are, as in the 
annexed diagram, 1 and 1-5; or it consists of 


Nitrogen. 


Oxygen. 
,8 


f Volumes. 
Nitrogen 5 51. 194s Seg! ISA __ Nitric oxide 2:0 
Oxygen tied. Biya 4 24D es? OSD SRLS ~ Oxygen 0°5 
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Hyponitrousacid1] .. 38 .. 100-0 


The hyponitrous acid appears to form distinct salts by combining 
with the salifiable bases. When, for instance, nitrate of potassa or 
nitrate of baryta are heated, oxygen is evolved, anda soluble hyponitrite 
remains. When nitric oxide gas is kept for some weeks in contact with 
a strong solution of potassa, it is partly converted into nitrous oxide, and 
the solution yields regular crystals of hyponitrite of potassa; 100 
volumes of nitric oxide left 25 of nitrous oxide: the acid, therefore, 
which was absorbed, consisted of 100 volumes of nitrogen, and 150 of 
oxygen. According to Berzelius, several of the hyponitrites are best 
obtained by boiling metallic lead in a solution of nitrate of lead, by which 
a hyponitrite of lead is formed: this salt may then be decomposed by 
sulphates, which form sulphate of lead, and the hyponitrous acid unites 
to the base of the original sulphate. 

When the acid liquid obtained by distilling nitrate of lead, is added 


to sulphuric acid, it forms a peculiar crystallizable compound. Nitric 
oxide is not of itself absorbed by sulphuric acid. 
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Nitrous Acip. Hyponirric Actp. Prroxipg or Nirroden (Graham). 


(m + 40) or 2 or NOs or N. When two volumes of nitric oxide and 
one volume of oxygen are mixed in an exhausted glass vessel, the gases 
combine with the evolution of heat consequent upon their mutual con- 
densation, and form nitrous acid vapour, which is condensible into a 
liquid at 0°. The specific gravity of this liquid is 1-45; at 32° it is pale 
yellow; but at 60° deep orange: it boils at 82°, and when exposed to 
the air at common temperature, gradually evaporates in yellow fumes. 
(Dutona, Ann. de Chim. et Phys., ii.) When a mixture of the gases, in” 
the above proportions, is propelled through a tube cooled to 0°, the liquid 


_ acid is at once obtained, and it then appears the same as that obtained by 


the distillation of dry nitrate of lead. If the gases be mixed over water, 


_ hyponitrous acid and nitric acid are formed, and it is difficult in any way 


to obtain their total condensation or absorption by the water in the above 
proportions. 

‘Nitrous acid vapour supports the combustion of phosphorus, and of 
charcoal, but extinguishes sulphur. It is readily absorbed by water. 
Its colour, like the liquid acid, varies with the temperature; becoming 
darker when heated, and paler when cooled; it has a very peculiar odour, 
which strongly adheres to the hair and to woollen clothing. Nitrous acid 
does not apparently unite with the bases, but forms with them hyponitrites 
and nitrates, hence it has been regarded as a compound of hyponitrous 
and nitric acids: when passed over baryta and other bases, at a temperature 
of between 300° and 400°, it is very rapidly absorbed with the evolution 
of heat, and the products are, according to Gay Lussac, as just stated. 
(Ann. de Chim. et Phys., i.) 

___ Nitrous acid vapour is constituted of one volume of nitrogen, and two 
volumes of oxygen condensed 
into one volume: or, as above Nitrogen, 
stated, and as will be apparent 
from the annexed diagram, of Nitvons 
two volumes of nitric oxide and : —— AGG: 
one volume of oxygen. Its spe- 46 

cific gravity, therefore, to hydro- 
gen will be as 46 to 1; to air as 
3°19 to 1; and 100 cubic inches 
will weigh 98°8 grains. It is, therefore, obviously constituted of 


Dulong. Vols. Sp. Gr. 
Nitrogen Pee ee Ack st «Pa onset. SROG ee EP fe OOF 
Oxygen Seratacood 4 6 (ONG we 7O04 4 2°22 
Nitrous acid 1 46 ..100°0 .. 100:00 1 3°19 


Nirric Actp. Azoric Actp. (2-+50) or 2’ or NOs or N.—The 
composition of this acid was first demonstrated by Cavendish, in 1785, 
(Phil. Trans.) Ue produced it by passing a succession of electric sparks 


_ through a mixture of 7 volumes of oxygen and 3 of nitrogen. This expe- 


riment has more lately been verified by Faraday (p. 325.) Nitric acid is 
also formed when nitric oxide is slowly added to an excess of oxygen gas, 
over water. In this way 4 volumes of nitric oxide condense 3 volumes 
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of oxygen; but nitric oxide and oxygen never combine in these proper: 
tions without the presence of water, or a base. 

Nitric acid is usually obtained by the distillation of purified mnztre 
with sulphuric acid, of which materials different proportions are employed. 
The nitric acid of commerce, which is generally red and fuming, in con- 
sequence of the presence of nitrous acid, is procured by the distillation of 
two parts of nitre with one of sulphuric acid; these proportions afford 
about one part of orange-coloured nitric acid of the specific gravity of 
1:48. Upon the large scale, 112 lbs. of nitre, and 56 of sulphuric acid, 
yield from 50 to 52 lbs. of nitric acid. Some manufacturers employ three 
parts of nitric and two of sulphuric acid, and the London Pharmacopeia 
directs equal weights, by which a nearly colourless nitric acid is afforded, 
provided the distillation be conducted at as low a temperature as possible. 
If the acid is not required in a concentrated state, the sulphuric acid may 
‘be previously diluted with its weight of water. Nitrate of soda being 
cheaper than nitrate of potassa, is also frequently resorted to as a source 
of nitric acid. 

It will appear, by referring to the article Sulphuric Acid, that ze 
contains in its liquid state one proportional of dry acid and one of water ; 
whereas liquid nitric acid contains one proportional of dry acid and two 
of water: hence the requisite excess of sulphuric acid, where colourless 
and perfect nitric acid is to be obtained; hence, too, the red colour of the 
acid of commerce, in consequence of the smaller quantity of sulphuric 
acid generally used by the manufacturer, the deficiency of water occa- 
sioning the nitric acid to be resolved into nitrous acid and oxygen. 
This will be more apparent by reference to the article Bi-sulphate of 
Potassa. According to Mr. Phillips, the strongest nitric acid of commerce 
is a sesquihydrate, containing one atom of nitric acid and one and a half 
of water. 

The distillation of nitric acid may be conducted upon the small scale 
in a tubulated glass retort a, with a tubulated receiver b, passing into the 
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bottle c. The requisite heat is obtained by the lamp d, and the whole 

apparatus supported by the brass stands with sliding rings ee. att 
_ But the manufacturer who prepares nitric acid upon a large scale, 
generally employs distillatory vessels of stone-ware. The following wood~ 
cut represents the arrangement of the distillatory apparatus for the pro- 
duction of common aquafortis: it consists of an iron pot, set in brick~ 
work, over a fire-place; an earthen head is luted upon it, communicating 
with two or more receivers of the same material, furnished with earthen- 
ware stop-cocks, the last of which has a tube of safety dipping into a 
_ basin of water. 


The nitric acid of commerce, as obtained by the above processes, is 
always impure, and hydrochloric and sulphuric acids may generally be 
found init. The former may be detected by nitrate of silver, and the lat- 
ter by a dilute solution of nitrate of baryta. For pharmaceutical pur- 
poses, the ordinary acid is generally sufficiently pure. If, however, pure 
nitre and pure sulphuric acid be employed in its production, and the 
_ latter not in excess, there is little apprehension of impurity in the resulting 
acid. If the acid is coloured by the presence of nitrous acid, it is rendered 
colourless by boiling, which is best performed in a retort, with a loosely- 
attached receiver: the nitrous acid passes over. : 

Nitric acid is a colourless liquid, extremely sour and corrosive, and 
very intense in its action upon the greater number of inflammable bodies, 
_ to which it imparts oxygen, and by which it is resolved into some of the 
_ Inferiorly-oxidized compounds. Its specific gravity, as usually obtained, 
fluctuates between 1-4 and 1°5. At 247°, when of the specific gravity 
1-40, it boils and distils over without change, but the dilute acid is 
strengthened. by boiling; andthe strongest acid boils at a lower tempera- 
ture than that which is of a somewhat less specific gravity. The following 
table of boiling-points has been given by Mr. Dalton, which shows that 

2&5 
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the Aegan of the acid of the specific gravity 1 ‘42, composed of! @ 
atom of real acid and 4 atoms of water, is the maximum. This is called 
by Mr. Graham “the proper nitrate of mater; and of the four atoms of 
water which it contains, one is combined with the acid, as base, and may 
be named basic water, while the other three are in combination with the 
nitrate of water, and may be termed the constitutional water of the salt.” 
He represents this acid in symbols, thus, HO, NOs + 3HO. 


Fad Sea! 


Acid of specific gravity 1°50 boils at 210° 


: 145 ~,, 240 
:. 1:42 ~~ 5," 248 
- ADAG Gay, Peat 
is 1:35 4, 242 
1:30. 5, 236 
$ 120 =~, 226 
5 L.U5 =", teats 


At—40° the concentrated acid congeals. When diluted with half 
its weight of water it freezes at about —2°. When exposed to the air it 
exhales fumes, and gradually absorbs water, so that its bulk becomes 
increased, and its specific gravity diminished. It suffers a partial decom- 
position when exposed to light, becoming yellow and evolving oxygen, so 
that it should be kept in a dark place, and especially excluded from the 
direct rays of the sun. By distilling nitric acid (sp. gr. 1-4) twice succes- 
sively from four times its weight of sulphuric acid, Gay Lussac increased 
its density to 1510. In this state he found it remarkably susceptible of 
decomposition by heat or light. (Ann. de Chim. et Phys.,i.) According 
to Thenard, a mixture of 1 part of nitric and 4 of sulphuric acid gently 
heated, affords oxygen and nitrous acid, the sulphuric acid becoming 
diluted by the abstraction of the water of the nitric acid. 

When nitric acid is mixed with snow, the latter is suddenly liquified, 
and intense cold is produced. Nitric acid, of the sp. gr. 1‘5, mixed with 
half its bulk of water, occasions an elevation of temperature in the mix- 
ture =112°: 58 parts of the acid with 42 of water, both at 60°, give, on 
mixture, a temperature of 140°. (Urn, Quarterly Journal, iv. 298.) 
On diluting the red fuming acid it assumes various tints of blueish green 
dependent upon the quantity of water added. 

Nitric acid has not been obtained in a dry, 
or ‘anhydrous state; the liquid acid is a com- — 
pound of the anhydrous acid and water, or in the 
language of Mr. Graham, a nitrate of water, and 
some of the salts called nitrates, (such as nitrate 
of potassa,) are compounds of the anhydrous acid, 
and a salifiable base. The anhydrous nitric acid — 
is constituted of one volume of nitrogen and two 
volumes and a half of oxygen, as in the annexed 
diagram. 

It is therefore a compound of 


Nitrogen. 
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Lay voisier. Cavendish. Berzelius. 
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one and a half of water. 
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The liquid nitric acid in its utmost state of coneentiation (sp. gr. 1:5), 
. Gonsinés, according to Phillips, of one equivalent of anhydrous. acid and 
According to Dr. Ure, the acid of a specific 


gravity of 1-486 contains one equivalent of real acid and two of water: 


hence the following table:— 


Sp. gr.=1'5 
Anhydrous acid .1 .. 54 
‘Water : . AV Iss 
] 67°5 


100 


Sp. gr.=1°486. 

an 
1... 64.. 75 
2... 183. 25 
] 72 ~=100 


The following table, drawn up by Dr. Ure, exhibits the quantity of 
dry acid and of liquid acid (sp. gr. 1°50) at different densities; (Quarterly 
Journal, iv. 297, and Dictionary, p. 71, Sec. Edit;) the quantity of 
anhydrous acid in the liquid acid of sp. gr. 1°50 being assumed = 79°7. 
The, column of dry acid shows the weight which any salifiable base 
would gain by uniting with 100 parts of the liquid acid of the correspond- 
ing specific gravity. 


| Specific a Dry acia || Specific 
! gravity. in 100. | 22 100- gravity. 
1°5000 100 79°700 1°3783 
/ 1:-4980 | 99 78903 || 1:3732 
14960 | 98 | 78106 || 13681 
1°4940 97 77°309 1°3630 
1:4910 96 76512 || 1°3579 
1°4880 95 15°715 || 1:3529 
1°4850 94 74-918 || 1:3477 
1°4820 93 74°12] 1°3427 
1°4790 92 73°324 1°3376 
1:4760 91 72537 WP 1-S3a3 
1:4730 90 71°730 || 1:3270 
14700 89 70°933 1°3216 
1:4670 88 | 70°136 1°3163 
1:4640 87 69°339 13110 
1°4600 86 68°542 1°3056 
1°4570 85 67°745 1°3001 
1°4530 84 66°948 12947 
— 1:4500 &3 66°155 1:2887 
1°4460° 82 65°354 1:2826 
1°4424 81 64°557 1°2765 
1+4385 80 63°760. || 1:2705 
14346 79 62°963 || 1:2644 
14306 78 62°166 1°:2583 
1:4269 47 61-369 1°2523 
1:4228 76 60°572 || 1:2462 
1°4189 79 59°775 12402 
1:4147 74 58978 || 12341 
14107 73 58-181 || 1:2277 
1:4065 72 57°384 || 1:2212 
1°4023 ik 56°587 1°2148 
13978 70 55'790 || 1:2084 
1°3945 69 54:993 || 12019 
13882 68 54:196 || 1:1958 
| 13833 67 93'399 


Liquid 
acid 
in 100. 


Dry acid 
in 100. 


51°805 
51°068 
50211 
49°414 
48°617 
47°820- 
47-023 
46°226 
45°429 
44-632 
43°835 
43038 
42:24] 
41444 
40°647 
39°850 
39:053 
38256 
37°459 
36°662 
35°865 
35068 
34-271 
33-474 
32677 
31-880 
31-083 
30-286 
29:489 
28'692 
27-895 
27-098 


52°602 


Specific 
gravity. 


11895 


1°1833 
1:1770 
11709 
1:1648 
11587 
1° 1426 
1:1465 
1:1403 
11345 
1:1286 
1°2217 
1/1168 
1-1109 
11051 
10993 
1:0935 
1:0878 
1:0821 
1:0764 
1:0708 
1:0651 
1:0595 
1-0540 
1:0485 
1-0430 
1:0375 
1-0320 
1-0267 
1:0212 
1:0159 


10106 


1:0053 


Liquid 
acid 
in 100. 


Dry acid 
in 100. 


26°301 


33 
32 25°504 
31 24:707 
30 - | 23:900 
29 | 23:113 
28 | 22°316 
27 | 21°519 
26 | 20°722 
25 19°925 
24 19°128 
23 18°331 
22 17534 
21 16°737 
20 15:940 
19 15°143 
18 14°346 
17 13°549 
16 12°752 
15 11°955 
14 11°158 
13 10°361 
12 9564 
11 8:767 
10 7970 
9 7173 
8 6°376 
7 5579 
6 4°782 
5 3985 
4 3°188 
3 2391 
2 1-594 
1 0°797 
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Dr. Thomson has constructed the following table showing the specific 
gravity of various atomic combinations of nitric acid and water. (First 
Principles, i. 114.) 


Atoms of Atoms of Acid in 100 Specific 
Acid. Water. parts. Gravity. 
Gh ae ae 85°714 . . . )= 15500 
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Nitric acid may be decomposed by passing its vapour through a red- 
hot porcelain tube; oxygen is given off, nitrous acid gas is produced, and 
a quantity of diluted acid passes over into the receiver, having escaped 
decomposition; so that it is thus proved to consist of nitrous acid, oxygen, 
and water. At a white heat, oxygen, nitrogen, and water, only, are 
evolyed. When strong nitric acid was electrolysed, no gas appeared at 
the negative electrode, but nitrous acid, and apparently nitric oxide, were 
formed there, which rendered the acid red and effervescent. In dilute 
nitric acid, gas appeared at the negative electrode, its quantity being 
varied by variations either in the strength of the acid or of the voltaic 
current: the gas at the anode was always oxygen, that at the cathode, 
hydrogen. When the quantity of products was examined by the volta- 
meter, the oxygen, whether from strong or weak acid, was always in the 
same proportion as from water. When the acid was diluted to Sp. gr. 
1:24 or less, the hydrogen also proved to be in the same quantity as from 
water; hence Mr. Faraday concludes, that nitric acid does not undergo 
electro-chemical decomposition, but the water only: that the oxygen at 
the anode is always a primary result, but that the products at the cathode 
are often secondary, and due to the reaction of the hydrogen upon the 
acid. (Phil. Trans., 1834, 96.) . 

According to Mr. Daniell the result of the electrolysis of nitric acid, 
composed of one atom of anhydrous acid and one of water, is attended 
by the evolution of hydrogen at the cathode, and of a compound (which 
he calls oxynitrion) of 1] atom of nitrogen and 6 of oxygen, at the anode; 
hence (72 + 50)+(A+ 0) becomes in such case (+ 60) +h. (Phil. 
Trans., 1840, p. 223.) 

When nitric oxide is passed through concentrated nitric acid, it. is 
decomposed, and nitrous acid is formed, partly by the acquisition of 
oxygen by the oxide, and partly by its loss by the acid. Dr. Turner 
observes, that “ The nitrous acid thus derived from two sources gives a 
colour to the nitric acid, the depth and kind of which depend upon the 
quantity of the deutoxide of nitrogen which has been employed. The 
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first portion communicates a pale straw-colour, which gradually deepens 
as the absorption of the deutoxide continues, till the nitric acid has 
acquired a deep orange hue, together with all the characters of strong, 
fuming nitrous acid. But the solution still continues to absorb the 
deutoxide, and, in doing so, its colour passes through different shades of 
olive and green, till it becomes greenish-blue. By applying heat to the 
blue liquid, the deutoxide of nitrogen-is evolved, and in proportion as it 
escapes, the colour of the solution changes to green, olive, orange, and 
yellow; at length becoming pale as at first. Nitrous acid vapours are 
likewise disengaged as well as the deutoxide. These phenomena are 
very favourable to the view that the conversion of the orange-colour into 
olive, green, and blue, is owing to the formation of hyponitrous acid.” 
(Elements of Chem., 5th ed., 290.) 

Some of the metals, such as copper, tin, and silver, are at first without 
action on concentrated nitric acid, but become vehemently active upon — 
the addition of a little water. It often happens, in such cases, that the 
metal combines with the oxygen of the water, and that the evolved 
hydrogen unites to the nitrogen of the acid, forming ammonia, which 
combines with the undecomposed acid. Poured upon hot iron-filings or 
melted bismuth, zinc, or tin, nitric acid causes a combustion of the 
metals. ay3h | 

The facility with which nitric acid imparts oxygen, renders it a 
valuable oxidizing agent in many chemical operations: phosphorus and 
most of the metals decompose it at common temperatures, and sulphur 
and carbon, when aided by heat. It acts energetically often, when diluted, 
upon the greater number of animal and vegetable substances, and mutual 
decompositions ensue. A drachm of oil of turpentine mixed with half a 
drachm of sulphuric acid, instantly bursts into flame upon the addition 
of a drachm of nitric acid. A piece of glowing charcoal thrown upon the 
surface of the concentrated acid, burns vehemently with the evolution of 
red fumes (BerzeEtius). Oxalic, malic, and carbonic acids, are the com- 
mon products of the action of dilute nitric acid upon most vegetable and 
animal substances: fatty matter, ammonia, and hydrocyanic acid are also 
sometimes formed. It tinges the greater number of animal substances of 
a yellow colour, and permanently stains the nails and cuticle; it is hence 
employed in the production of yellow patterns upon coloured woollen 
goods. It is used in fumigations to destroy contagious and infectious 
matter, more especially in inhabited apartments, where chlorine would 
prove injurious; for this purpose nitrate of potassa and sulphuric acid 
are mixed in a saucer, and the evolution of the nitric acid vapour aided 
by a gentle heat; but it is not so effective as chlorine. In pharmacy, and 
a variety of other processes, it is susceptible of interesting applications: it 
is used for etching on copper, and as a solvent for tin in the preparation 
of valuable mordants used by dyers and calico printers: it is an important 
agent in metallurgy, and especially in the art of assaying. In medicine 
it is prescribed as a tonic; and occasionally in syphilitic, hepatic, and 
eruptive disorders; and in surgery as an energetic caustic. In the bite 
of rabid animals, if immediately applied to the wound, there is every 
reason to believe that it would destroy the poison and prevent its con- 
sequences. ; : : 
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The salts which nitric acid forms, and which are termed nitrates, are 
all soluble in water; and hence neither its presence nor quantity can be — 


determined by any precipitating re-agent. When uncombined, it is 
easily recognised by the facility with which it attacks copper, causing the 
evolution of nitric oxide, and affording a blue solution; and by the 
formation of zitre, when it is saturated with potassa, which salt readily 
crystallizes in long six-sided prisms. When hydrochloric acid is added 
to a solution of a nitrate, chlorine is evolved, and the liquid acquires the 
power of dissolving gold-leaf; but as the action of hydrochloric acid on 
the salts of chloric and bromic acid’ also furnishes a solution which dis- 
solves gold, no inference’ can be drawn from the experiment, except the 
absence of those acids has been previously ascertained. 

The following method of detecting the presence of nitric acid has been 
suggested by Dr. Liebig, who says that it is effective when not more than 
a four-hundredth part of the acid is present. The liquid to be examined 
must be mixed with a sufficiency of sulphuric solution of indigo, to acquire 
a distinct blue colour; a few drops of concentrated sulphuric acid are 
then added, and the whole boiled; if the liquid contain a nitrate, it will 
either be bleached or rendered yellow. By adding a little common salt 
to the liquid before applying heat, a five-hundredth part of nitrie acid 
may easily be discovered. (Ann. de Chim. et Phys., xxxv. 80.) 

M. Runge proposes to detect nitric acid and its combinations as fol- 
lows:—“ Pour a solution of proto-chloride of iron upon the surface of an 
amalgam of zinc, and then place a crystal of nitre on the latter in the 
fluid: a dark band immediately forms around the crystal; sometimes 
extending over the whole surface of the amalgam. All the nitrates, as 
well as nitric acid, act in this manner; but other salts, such, for instance, 
as the chlorates, produce no such effect, so that a very sensible test of 
the presence of nitric acid is thus afforded. It is necessary that the 
solution employed be a proto-salt of iron. If nitric acid is supposed to 
exist in a liquid, it should be saturated with potassa, evaporated to dry- 
ness, and the dry mass tried. Salts of copper and silver must not be 
present.” (Annalen der Physik., 1827.) : 

Another test for nitric acid has been proposed by Richemont: the 
liquid suspected to contain a nitrate is mixed with an equal bulk of sul- 


phuric acid, and when cool a few drops of a strong solution of protosul- — 


phate of iron are added; nitric oxide is evolved, which produces a pur- 
plish tint, even when the quantity of nitric acid is very small. Dr. 
Turner observes that another character which may be useful consists in 
mixing the supposed nitric acid or nitrate with dilute sulphuric acid, in 
a tube, adding a few fragments of zinc, and setting fire to the hydrogen 
as it issues; if nitric acid be present the flame of the hydrogen will have 


a greenish-white tint, due to the admixture with binoxide of nitrogen. — 


“ A very delicate test,” he adds, “has been proposed by O’Shaugnessy, 
founded on the orange red, followed by a yellow colour, which nitric acid 
communicates to morphia. The supposed nitrate is heated in a test tube 
with a drop of sulphuric acid, and then a crystal of morphia is added. 
Tt is advisable to try the process in a separate tube with the sulphuric 
acid alone, in order to prove the absence of nitric acid in it.” 

Nitric acid is an important agent in the operations of analysis. It is 
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used,—1. to oxidize and dissolve the metals, and to separate them’ from 
the few which are not acted upon by it, especially gold and platinum: it 
is of constant use in the process of assaying, for separating silver from 
gold. 2. To separate certain metals in the form of insoluble peroxides, 
such as antimony and tin, from those which yield soluble oxides, as in 
the separation of tin from mercury; it also‘is useful in the peroxidize- 
ment of iron and manganese, by which those metals are rendered 
insoluble in nitric acid, and thus separable from soluble earths, &c. 
8. Dilute nitric acid separates sulphur from the metals in the form of 
an insoluble magma, or gray powder, as in the analysis of sulphuret of 
copper, of lead, or of silver; if concentrated, it acidifies sulphur and 
arsenic. 4. The concentrated acid detects sulphuretted hydrogen by the 
production of a white cloud, and the destruction of its fetid odour. 
5. It is used as a solvent to determine the nature of certain precipitates, 
and to separate the soluble from the insoluble. The precipitates formed 
by the vegetable acids, by succinic acid, by phosphoric acid, and by 
arsenic acid in the solutions of baryta, of lime, and of lead, are easily 
soluble in dilute nitric acid; but the precipitate by sulphuric acid in 
solutions of baryta is perfectly insoluble, and that in solution of lead 
difficultly soluble, requiring about 100 parts of the acid. 6. Nitric acid 
is a test of certain organic substances: it generally tinges those contain- 
ing nitrogen of a yellow colour; it detects strychnia, by rendering it 
red; the nitric solution of uric acid leaves a red residue on evaporation; 
it changes polychroite to green, and guaiacum to blue and green. It 
distinguishes gum from starch, by converting the former into mucous 
or saclactic acid:_cork it converts into suberic acid. 7. Many of the 
nitrates, and the nitro-hydrochloric acid, are used as tests. (Prarr. Hand- 
buch der Analytischen Chemie, i. 98, 2nd ed.) 


Nirro-typRocutoric Acrp. Nirro-muriatic Acip.—This term has 
been applied to the Aqua Regia of the alchemists. When nitric and 
hydrochloric acids are mixed, they become yellow, and acquire the power 
of dissolving gold, which neither of the acids possessed separately. This 
mixture evolves chlorine, a partial decomposition of both acids having 
taken place, and water, chlorine, and nitrous acid are thus produced; 
that is, the hydrogen of the hydrochloric acid abstracts oxygen from the 
nitric to form water: the result must be chlorine and nitrous acid. 
(Davy, Journal of Science and the Arts, vol. i., p. 67.) The annexed 
diagram may, perhaps, serve to render 
these mutual changes more evident. 
Two parts of hydrochloric and one of ._.__ Nitrous 
Apis farnish the most effective Hypro- [cmos Acid. | 

e ° CHLORIC 
mixture; but a solution having the same acm. |, 4 
“ : : " ydro- 4 9, 

general properties is obtained by adding gen 1 rn. | 
nitre to hydrochloric acid, or common salt 
to nitric acid. According to Berzelius, 
the mutual decomposition of the two acids proceeds only so far in the 
first instance as to saturate the liquid with chlorine; but when heat is 
applied, chlorine is evolved till one of the acids is entirely decomposed. 
When a metal is put into nitro-hydrochloric acid, it absorbs the chlorine, 
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chlorine, because the metal combines with it as fast as it is evolved: 
the application of heat greatly accelerates this action, but much chlorine 
may be lost by employing too high a temperature. As nitric oxide is 
evolved during the solution of a metal in nitro-hydrochloric acid, it might 
be supposed that the hydrogen of the hydrochloric acid had reduced the 
nitric acid to the state of nitric oxide; but Davy has shown that a 
mixture of hydrochloric and nitrous acids possesses none of the properties 
of Aqua Regia: consequently, the evolution of nitric oxide depends upon 
the spontaneous resolution of the produced nitrous acid into nitric acid 
and nitric oxide. Nitro-hydrochloric acid is the common solvent of gold 
and platinum, and may, with proper precautions, be used in the separa- 
tion of those metals from silver, which remains as an insoluble chloride. 
It furnishes a useful solution of tin; and is employed in the analysis of 
minerals containing sulphur, to separate and acidify that elementary 
body. 


NITROGEN AND CHLORINE. CHLORIDE oF NiTROGEN. TERCHLORIDE 
or Nirrocgen. (70+ 3C) or N Cls.—These gases do not unite directly : 
but the compound may be obtained by exposing a solution of nitrate or 
hydrochlorate of ammonia to the action of chlorine, at a temperature of 
60° or 70°. The gas is absorbed, and an oil-like fluid, heavier than 
water, is produced by the union of the nascent nitrogen (evolved in the 
decomposition of the ammonia of the salt) with the chlorine. It was 
discovered by M. Dulong, in 1812, (Ann. de Chim., LXXXv.,) and its pro- 
perties afterwards investigated by Davy. (Phil. Trans., 18] 3.) 

The simplest mode of obtaining this compound, consists in filling a 
perfectly clean glass basin with a solution of about one part of sal-am- 
moniac in twelve of water, and inverting into it a tall jar of chlorine. 
The saline solution is gradually absorbed, and rises into the jar, a film 
forms upon its surface, and it acquires a deep yellow colour: at length 
small globules, looking like yellow oil, collect upon its surface, and 
successively fall into the 
basin beneath, whence they 
are most conveniently re- 
moved by drawing them into 
a small and perfectly clean 
glass syringe, made of a glass tube drawn to a pointed orifice (fig. 240), 
and having a copper-wire with a piece of clean tow wrapped round it for 
a piston; in this way a globule may be drawn into the tube, and trans- 
ferred to any other vessel. Balard obtained this compound by suspend- 
ing a piece of sulphate of ammonia in a strong solution of hypochlorous 
acid. 


The specific gravity of chloride of nitrogen is 1-6; it is not congealed _ 


by cold. Its odour is irritating and peculiar; it very soon evaporates 
when exposed to air. It is dangerously explosive, and is decomposed 
with violent detonation by many combustibles, especially phosphorus and 
fixed oils. In making these experiments, which should be conducted 
with extreme caution, and the face protected by a mask (Dulong lost an 
eye and the use of a finger, and Sir H. Davy was wounded in the face 


nd 
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and is dissolved; for the liquid cannot become then saturated with — 


So 
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by the effects of its detonation), a small globule of the compound, about 


the size of a mustard seed, may be cautiously transferred to a clean - 
porcelain basin, half filled with water, and placed under a wire-cage: a 
very small piece of phosphorus, fixed to the end of a long stick, or a long 
rod with the extremity dipped in oil, may be then brought into contact 
with the globule, which instantly explodes with a flash of light, dispers- 
ing the water, and breaking the basin to atoms. At 160° it distils 


without change, but at 212° it explodes, and is decomposed. It was 


submitted to the action of 125 different substances, by Messrs. Porret, 
Wilson, and Kirk, of which the following caused it to explode. 


* Phosphorus Linseed-oil Oil of orange-peel 
Phosphuret of lime Olive-oil Naphtha 
Caoutchouc Camphorated oil Strong liquid ammonia 
Myrrh Sulphuretted oil Fused potassa 
Palm-oil Oil of turpentine Phosphuretted hydrogen 
Ambergris Oil of tar Nitric oxide 
Whale-oil Oil of amber Metallic soaps. 


The metals, resins, and sugar, did not cause it to explode. (NicHoL-. 
son’s Journal, vol. xxxiv.) Alcohol quietly changes it into a white sub- 
stance. Mercury and most of the other metals absorb the chlorine, and 
evolve nitrogen. It gradually disappears when kept ina stopped phial 
with water, and nitrous and hydrochloric acid are formed by the mutual 
decomposition of the liquids. In concentrated hydrochloric acid it forms 
ammonia, and chlorine is evolved. It is also slowly decomposed by 


dilute liquid ammonia; hydrochlorate of ammonia is formed, and nitrogen 


evolved. | 

The existence of nitrogen in nearly all the powerfully-detonating 
bodies is a singular fact, and the decomposition of this compound is 
attended by a circumstance observed in some other cases, namely, the 
appearance of flame or fire, which is here, not the result of condensation 
and union, but is accompanied by expansion and decomposition; by the 
separation of two bodies previously combined: the decomposition of the 
oxides of chlorine already referred to, and that of iodide of nitrogen and 
of peroxide of hydrogen (oxygenated water) exhibits the same peculiarity. 

Chloride of nitrogen appears to 
yield, by decomposition, 1 volume of 
nitrogen and 3 of chlorine (and not 
4, as originally inferred by Davy); 14 36 
and as the specific gravity of nitrogen [| 
to chlorine is as 14 to 36, so it may be 
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Nitrogen. Chlorine, 


said to consist of 1 volume of nitrogen 36 = 36 

+ 3 volumes of chlorine, and, in the 

state of vapour, it is probable that a 
the four volumes of aériform matter 

which it affords by decomposition, are 36 


condensed into one. It is, therefore, 
regarded as a compound of 
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From the experiments of Millon it seems probable that this com- 
pound may contain hydrogen. (Ann. de Ch, et Ph., uxix. 75.) 


Nitrogen AND Jopine. Ioprpz or Nirrocen. Teriopipe or NitRo- 
cen. (1+ 32) or NIs.—This compound may be procured by pouring a 
solution of ammonia upon a very small quantity of iodine. The iodine 
decomposes part of the ammonia, and, combining with its hydrogen, forms 
hydriodic acid, and this, uniting with the ammonia, forms hydriodate of 
ammonia: the nascent nitrogen unites with another portion of iodine, and 
forms an insoluble black powder, which may be collected by pouring off 
the liquid, and placing it, while moist, in small parcels upon bibulous 
paper, where it must be suffered to dry spontaneously. This curious 
compound was discovered by Courtois. Serullas obtains it by agitating 
alcoholic solution of iodine with excess of ammonia; it subsides on dilu- 
tion with water, and must be carefully dried: in this state it does not 
detonate whilst moist, but if it is put into pure ammonia it explodes 
when slightly pressed in the liquid. (Ann. de Chim. et Phys., xu. 201.) 
Mitscherlich (Poceenporrr’s Annalen., xiv. 539) has described another 
method of obtaining this compound. A chloride of iodine is formed by 
dissolving iodine in nitro-hydrochloric acid; this solution, saturated with 
ammonia, yields hydrochlorate of ammonia and iodide of nitrogen: the 
latter may be collected upon a filter, and separated, whilst moist, into 
small portions; but it is not safe to operate upon more than a few grains 
of iodine. In this experiment no gas is evolved; one proportional of 
ammonia reacts upon three proportionals of chloride of iodine, so that 
a volume of nitrogen combines with three volumes of iodine vapour to 
produce the detonating compound, and three volumes of hydrogen com- 
bine with three of chlorine to form hydrochloric acid. 

Iodide of nitrogen, when dry, detonates upon the slightest touch, and 
the detonation of one portion generally causes the neighbouring ones to 
explode also. When it detonates, the purple fumes of iodine are per- 
ceptible. When left exposed to air it slowly evaporates; and if moist, 
is gradually resolved into nitrogen or ammonia, and iodic and hydriodic 
acids. It is decomposed by hot water and by alkaline solutions, Mar- 
chand has attempted to show that this compound contains hydrogen 
(Ann. de Ch. et Ph., uxxiii. 222), but from Gay Lussac and Colin’s 
researches (Ann. de Ch., xci. 30), it appears to consist of 
Nitrogen Fi droge © F SRM ON ALE < y.:) 
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Bromipe oF NirrocEen (0+ 3 by, or NBrs, is obtained, according to 
M. Millon, (Ann. de Ch. et Ph., uxix. 75,) by gradually adding a solution 
of an alkaline bromide to the chloride of nitrogen under a thin stratum 
of water: with bromide of potassium, for instance, bromide of nitrogen and 
chloride of potassium are the results. Bromide of nitrogen is of dark 
red colour, and more readily decomposed than the chloride; it has an 
oily aspect, is heavy, very volatile, and its vapour fetid and very irritating 
to the eyes. Phosphorus and arsenic cause it to detonate with great 
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violence: its general characters are analogous to those of the chloride. 
According to Millon it contains hydrogen, but its composition is proba- 
bly the counterpart of the chlorides of nitrogen and iodine. 


Nirrogen AND Hyprocen. Ammonia. VouAtTineE ALKALI. TERHY- 


DRURET OF NiTRoGEN. (70-4 3h) or A, or NH3.— When nitrogen and 


hydrogen gases are mixed, they show no tendency to combine; they unite, 
however, under certain peculiar circumstances of evolution, and the result 
is ammonia. This gaseous compound may be obtained by heating a 
mixture of quicklime and hydrochlorate of ammonia. Two parts of dry 
quicklime and one of hydrochlorate of ammonia may be introduced into 
a small glass retort, and, upon the application of a gentle heat, the gas is 
evolved. It must be collected over mercury. Towards the latter part 
of the operation water passes over, which may be arrested in the neck of 
the retort by the previous introduction of a piece of blotting-paper; or it 
may be prevented passing over by filling up the bulb of the retort with 
powdered lime. The theory of the decomposition which here ensues is 
somewhat complicated, and will be better understood when the nature 
of lime is explained. Hydrochlorate of ammonia is a compound of hy- 
drochloric acid and ammonia; by the action of the lime (which is an 
oxide of calcium) the ammonia is expelled in its pure and gaseous form: 
the hydrochloric acid and the 


4 Ammonia. 

lime then mutually decompose a 

each other, and water and Sk 

chloride of calcium are the  cuzorars Water. 


[ Hydrogen -+ Oxygen. 
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gram may, perhaps, more 
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elastic at common tempera- Chloride of Culcium. 


tures; by exposing it to in- 

tense cold, Guyton supposed that he had observed it to assume a liquid 
form. Cine de Chim., xxix. 290.) But this could not be the case, as 
it requires for its liquifaction a pressure of 6°5 atmospheres at the tem- - 
perature of 50°. (Farapay, Phil. Trans., 1823, p.196.) It was most 
readily obtained in this state by disengaging it in a sealed tube from 
chloride of silver, which had been previously made to absorb it. It was 
colourless, transparent, of a specific gravity of 0°76, and its refractive 
power surpassed that of water. 

Ammonia is very pungent and acrid, and of course unrespirable, but 
when diluted by mixture with common air, agreeably stimulant. It con- 
verts most vegetable blues to green, and the yellows to red, properties 
which belong to the bodies called alkalis. Ammonia, therefore, has been 
termed volatile alkali; and the change of colour thus effected by it, is 
distinguished from that produced by the xed alkalis, by the return of 
the original tint, when the ammonia flies off by exposure. It saturates 
the acids, and produces an important class of ammoniacal salts, which 
are recognised by the evolution of ammonia when they are triturated 
with potassa, soda, or lime. 

The specific gravity of ammonia compared with hydrogen is as 8°5 to 
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1; compared with air it is as 0-590 to 1; 100 cubical inches weigh 18:28 
grains; or, at the temperature of 32°, 19°301 grains. (TuHomson.) It 
extinguishes flame, but forms a difficultly inflammable mixture with 
common air, and may be burned when issuing from a capillary orifice 
in an atmosphere of oxygen. When mixed with its volume of oxygen 
it burns with a feeble explosion. Ammonia is abundantly absorbed 
by chloride of calcium, as well as by several other chlorides, with which, 
and with the other haloids, it forms a curious and interesting series 
of compounds which will afterwards be noticed. If it be required artifi- 
cially to dry the gas, potassa or lime should be used. (Quarterly Jour- 
nal, v. 74.) : 

Water, at the temperature of 50°, takes up 670 times its volume of 
ammonia (780, THomson); its bulk is increased, and its specific. gravity 
diminished; that of a saturated solution is 0°875, water being 1-000. 
The following table shows the quantity of ammonia in solutions of dif- 
ferent specific grayities. (Davy’s Chem. Phil., p. 268.) 


100 parts of Of 100 parts of Of 
Sp. Gr. Ammonia. Sp. Gr. Ammonia. 
8750 ~~ contain 32°50 9435 contain 14°53 
8875 x 29°25 9476 a 13°46 
9000 a3 26°00 9513 3 12°40 
9054 a 25°3 : 9545 res 11°56 
9166 i 22°07 9573 10°82 
9255 B 19°54 9597 ” 10°17 
9326 as 17°52 9619 as 9°60 
9385 * 15°88 | 9692 % 9°50 


According to Dalton, (New System of Chem., ii. 422,) the following 
are the strengths of solutions of ammonia of different specific gravities, 
as also their respective boiling-points:— 


Grains of Volumes of 
Specific Aimmonia Boiling gas in one 
Gravity. in 100 grains Points. volume of 
of the liquid. liquid. 
"850 Te 35°3 Fr ine 26° sige. 494 
*860 C . 32°6 . 4 38 fs 6 456 
870 : . 29°9 YS 50 . . 419 
880 : . 273 . 4 62 a ° 382 
°890 ‘ 4 24°7 ° . 74 «mt 4 346 
"900 5 Wha ihe 22°2 Pies 8&6 fe 311 
‘910 5 ° 19°8 sts 98 e : OT 
920 : fe 174 a ae 110 ona 244 
"930 Res 15°l wl c }22 apis 211 
940 : . 12°8 Sy ne 1384 d ° 180 
‘950 aes 10°5 Sole 1 146 a 147 
960 «haat Be 33 Bey 158 <Ptis 116 
FOP yak ia gale 6:2 oe as 173 oobi tetoy. 
efi mag sym PO he Paar ate eh sales | 
"990 oe 20 ee 1 mee 28 


The usual state in which ammonia is employed is in aqueous solution, 
Loth in chemistry and medicine. This solution bears the name of Liquor 
Ammonice inthe London Pharmacopeia. It may be obtained by passing the 
gas into water in a proper apparatus, or by distilling over the water and 
gas together. Dr. Turner recommends for this process, the use of equal 
parts of sal-ammoniac and well-burned quick-lime: the lime is slaked by 
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the addition of water, and as soon as it has fallen into powder, placed in 
an earthen pan, and covered, till quite cold, then mixed with the pow- 
dered sal-ammoniac and put into a proper retort and heated as long as it 
gives out gas, which should be conducted by means of a safety-tube of 
Welter into a quantity of distilled water, equal to the weight of the salt 
employed. The specific gravity of the solution of ammonia go obtained 
is ‘936. (Elem. of Chem. 5th ed., 384.) 

The following process, recommended by Mr. R. Phillips, answers well. 
On 9 ounces of well-burned lime pour half a pint of water, and when it 
has remained in a well-closed vessel for about an hour, add 12 ounces of 
hydrochlorate of ammonia in powder and three pints and a half of boiling 
water; when the mixture has cooled, pour off the clear portion, and 
distil from a retort 20 fluid ounces. The specific gravity of this solu- 


tion, which is sufficiently strong for most purposes, is 09054. (Remarks 
on London Pharmacopeia, p. 34.) The specific gravity of the officinal 
Solution directed in the Pharmacopeia, is 0-960. 


Liquid ammonia, as this aqueous solution of it is commonly called, 
should be preserved in well-stopped glass bottles, since it loses ammo- 
nia and absorbs carbonic acid, when exposed to air. When heated, 
ammonia is rapidly given off by it; when concentrated, it requires to 
be cooled to —40° before it congeals, and then it is apparently inodorous, 
and of a gelatinous appearance. ' If a piece of ice be introduced into a 
jar of ammonia standing over quicksilver, it melts with great rapidity, 
and liquid ammonia is produced. 

A pure and strong solution of ammonia is a bad conductor of electri- 


city, but it becomes a conductor when sulphate of ammonia is dissolved 


in it, and then, if submitted to electrolytic action, Faraday found that 
nitrogen was evolved at the anode, and hydrogen at the cathode, the ratio 
of the volume of the former to that of the latter varying, but being as ] 
to about 3 or 4, This result seemed to indicate that the electric current 
had decomposed the ammonia, and that the nitrogen had been determined 
towards the positive electrode. But when the electricity used was mea- 
sured out by the voltameter, it was found that the hydrogen obtained was 
exactly in the proportion which would have been supplied by decomposed 
mater, whilst the nitrogen had no certain or constant relation whatever; 
and upon further experiment, that the water only was electrolyzed and 
that the nitrogen at the anode was a secondary result, depending upon the 
chemical action of the nascent oxygen (determined to that surface by the 
electric current) upon the ammonia. No experiment has hitherto shown 
any tendency of nitrogen under the influence of the electric current to: 
pass in either direction along its course. (Phil. Trans., 1834, p: 95.) 
Dr. Henry (Phil. Trans., 1809) first observed that a mixture of 
ammonia and oxygen might be fired by an electric spark, and this 
property furnishes a means of analyzing the alkaline gas. Electricity 
also decomposes ammoniacal gas. If a succession of electrical sparks be 
passed through a small portion ef the gas confined in a proper tube over 


- quicksilver, it will increase to about twice its original bulk, and lose its 
_ easy solubility in water. If the gas thus expanded be mixed with from 


one-third to one-half its bulk of oxygen, and an electric spark passed 


_ through the mixture, an explosion takes place, attended by considerable 
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diminution. Note the amount of the diminution; divide it by 3, and a B 


multiply the product by 2. The result shows the quantity of hydrogen; 


for 2 measures of hydrogen are saturated by 1 of oxygen. Thus, suppose 
10 measures of ammonia, expanded by electricity to 18, and that, after 
adding 8 measures of oxygen gas, we find the whole (=26 measures) 
reduced by firing to 6 measures, the diminution will be 20. Then 20 
3— 6°66; and 6:66 x 2— 13°32 measures of hydrogen gas from 10 of ammo- 
nia; and 18 —13'32=-4:68 for the nitrogen gas contained in the product 
of electrization. Therefore, 10 measures of ammonia have been destroyed 
and expanded into 13:32 measures of hydrogen and 4°68 of nitrogen gas. 
(Henry’s Elements, 7th ed., vol. i. p. 233.) 


Nitrogen, | Hydrogen. from the prior experiments of Berthol- 
let, that 1 volume of ammonia is 

3 : resolved by decomposition into 2 

| yolumes of a mixture of hydrogen 

Hydrogen. |__| Ammonia. | and nitrogen, consisting of 3 volumes 


of hydrogen and 1] volume of nitro- 
gen; hence the annexed diagrams 
will represent the composition and 
volume of ammonia. 
1 Such being the volumes of the gases, 
—————— it follows that if we add the specific 
gravity of nitrogen to thrice the specific gravity of hydrogen and divide 
the product by 2, we ought to obtain the specific gravity of ammonia; 


1 17 


Hydrogen. 


Specific Gravity of nitrogen die : »» =0°972 


% hydrogen... 00694 x 3=0'208 
Or, 1-180-+2=0°590 
50 Cubic inches of nitrogen weigh “4 és ; 15°08 
150 as hydrogen 2 i oT i 319 
100 Py ammonia ; 18°27 


Ammonia, therefore, is a compound of 
Berthollet. Vols. Sp. Gr. 100 Cub. In. 


Nitrogen 14. 14 ., 82°35 82°35 1 0°972 30°16 
Hydtogen: 3... 8... 17°68 17°65 3 0-208 6.40 ¢ 
Ammonia 1 17 100:00 100:00 2 0°590 18°28 


When ammonia is detonated with excess of oxygen, a portion of 
nitric acid seems always to be formed: indeed, according to Bischof, this 
acid is more or less formed in all cases of its combustion with oxygen. 
He found the limits of combustibility with oxygen to be, on the one 
hand, 1 ammonia and 0:6 oxygen; and, on the other, 1 and 3:17 by 
volume. 

Ammonia, like most of the compounds of nitrogen, is not permanent 
at a red heat, and is consequently decomposed when passed through a 
red-hot tube. If passed over a coil of iron or copper wire in a red-hot 
porcelain tube, the metals become brittle, but their weight is not altered 


It appears from the above, and_ 


errs 
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According to Thenard (Ann. de Chim., uxxy. 61), when any of the five 
following metals are enclosed in the tube, they promote the decomposition 
of ammonia at a temperature below that which it requires per se, in the 
following order: iron, copper, silver, gold, platinum, In all these cases 
the gas suffers expansion, and is resolved into hydrogen and nitrogen 
gases, in the above-stated proportions; it furnishes a singular instance of 
change of properties in consequence of chemical combination. (ais a 
bladder filled with ammonia, which may be passed through the iron tube 
6, placed in the furnace c; the gas is decomposed, and hydrogen and 
nitrogen may be collected over the water in d.) 


241 


Ammonia is also decomposed when passed over black oxide of man- 
ganese, heated red-hot in a porcelain tube; the results, which are water 
and nitrous acid, were first observed by the Rev. J. Milner. (Phil. Trans., 
vol. uxxix.) Nitrate of ammonia is also often formed. Passed through a 
porcelain tube containing red-hot charcoal, ammonia forms a portion of 
hydrocyanic acid. 

Ammonia is produced synthetically during the decomposition of many 
animal substances; it is also formed during the violent action of nitric 
acid upon phosphorus and some of the metals; and by moistened iron- 
filings exposed to an atmosphere of nitrogen: in these cases the nascent 
gases unite so as to form a portion of ammonia. Common rust of iron 
formed by the exposure of iron to a damp atmosphere, also generally 
contains traces of ammonia. According to Dr. Hare, ammonia is also 
synthetically formed by the action of spongy platinum on a mixture of 
2 volumes of nitric oxide and 5 of hydrogen. For such experiments he 
recommends platinated asbestos, formed by dipping asbestos into a solu- 
tion of chloride of platinum and exposing it to a red-heat. There are 
some other anomalous cases of the evolution and apparent production of 
ammonia, which are not easily explained, but which have been enume- 
rated and commented upon by Mr. Faraday, in a paper published in 
the Quarterly Journal (vol. xix. p. 16). 

Ammonia combines with the acids, and produces a class of salts 
which, with very few exceptions, are soluble in water, and which evolve 
the odour of ammonia when mixed with lime or with pure potassa. 
These salts are, for the most part, entirely dissipated, and, generally 
speaking, decomposed by heat. Ammonia mixed with the gaseous acids 
condenses them into white pulverulent compounds; it combines either 
with half its volume, or with an equal volume, or with two volumes of 
the acid. The same combination ensues when the volatile acids are 
brought near free ammonia; and in this way very minute quantities of 
ammonia may be discovered, by dipping a glass rod into hydrochloric, 
nitric, or acetic acid, and bringing it near any liquid or substance sup- 
posed to evolye ammonia, which will be immediately recognised by white 
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fumes. The constitution of ammoniacal salts involves many important 
theoretical considerations respecting the nature of ammonia, which will 
presently be adverted to. | * 


AmMontA AND CHuLorINE.—When these gases are mixed, a partial 
decomposition of the former ensues. On mixing 15 parts of chlorine and 
40 of ammonia, 5 parts of nitrogen are liberated, and hydrochlorate of _ 
ammonia is formed. If the gases be perfectly dry, considerable heat is 
evolved, and a flame is perceived to traverse the vessel in which the ex- 
periment is made. This combustion of ammonia in chlorine is well shown 
by annexing to the beak of a small tubulated retort, containing a mixture 
of hydrochlorate of ammonia and lime, a bent tube, not too small, the 
extremity of which terminates in a bottle containing chlorine; on heating 
the contents of the retort, ammonia is evolved, and as it issues from the 
tube into the chlorine, it inflames, and continues to burn with a pale lilac 
flame, producing hydrochlorate of ammonia, and evolving nitrogen. Dr. 
Thomson employed chloride of lime to decompose ammonia, by mixing it 
with hydrochlorate of ammonia, and collecting the evolved nitrogen. 
When solutions of chlorine and ammonia are mixed, an effervescence 
ensues, nitrogen gas is evolved, and hydrochlorate of ammonia formed; 
and when gaseous chlorine is transmitted in successive bubbles into a 
strong solution of ammonia, each produces a slight explosion attended by 
a flash of light. (See p. 405.) 

The best mode of showing the mutual action of ammonia and chlorine 
in solution, is to pour into a tube, about two feet long and half an inch in 
diameter, sealed at one end, a strong aqueous solution of chlorine, to» 
within about two inches of the top; then gradually to pour upon it liquid 
ammonia, so as to fill the tube, which is to be closed by the thumb, and 
inverted into water; the solution of ammonia then rises through that of 
chlorine, and is decomposed with effervescence, nitrogen being evolved, 
and hydrochlorate of ammonia retained in solution. 


, 
ra 


AmMonrA AND Cutoric Acip. (A+C’.) Chlorate of ammonia is 
formed by saturating chloric acid with carbonate of ammonia. It forms 
very soluble acicular crystals, of a sharp taste, which detonate when — 
thrown upon hot coals. It probably consists of one proportional of each 
of its components, or 17 ammonia + 76 chloric acid: but its composition _ 
has not been experimentally determined. (VauquE.in, Ann de Chim., | 


xe 07.) 


AMMONIA AND Hyprocutoric Acip. HypRocHLoRATE oF AMMONIA. 
Moriate or AmMmontsa. Sat AmMMontac. (7 + 3h) + (A+ C), or (A+ 
he’), or NH3 + HC (Hypothetical Cutoripe or AmMMoniuM).—This salt 
may be produced, directly, by mixing equal volumes of ammonia and 
hydrochloric acid gases, when an entire condensation ensues. The spe- 
cific gravity of ammonia compared with hydrochloric acid is as 8°5 to 


18°5; therefore, hydrochlorate of ammonia consists of 
Bucholz. 
Hydro. : Ammonia le, i by Pear are be 2 Pear 9 | 
chloric Acid} OT, Hydrochloric acid 1 .. 37 ... 685 .. 69 
1 


Ammonia, 


8°5 18°5 


54 106-0 «100 


os 
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This salt was formerly imported from Egypt, where it was obtatned. 


by burning the dung of camels (see ParKkEs’s Essays, iti. 437); it is now 
abundantly prepared on the continent and in this country, chiefly by the 
decomposition of sulphate of ammonia by chloride of godium or of mag- 
nesium. When obtained by evaporation from its solution in water, it 
forms octoédral, cubic, and plumose crystals; but, in commerce, it usually 
occurs, as procured by sublimation, in colourless and translucent cakes, 
hard, and somewhat elastic, specific gravity 1-45, and very slightly deli- 
quescent: in this compact state it requires for solution about an equal 
weight of water at 212°, and three times its weight at 60°, cold being 
produced during its solution; it also dissolves in alcohol: when heated it 
sublimes without decomposition in the form of white vapour, and may be 
even passed through a red-hot porcelain tube without change. It is, 
however, decomposed when transmitted over ignited iron or copper-wire. 


Sal-ammoniac is used in the arts for a variety of purposes, especially - 


in certain metallurgic operations. It is used in tinning, to prevent the 
oxidation of the surface of copper; and small quantities are consumed 
by dyers. Dissolved in nitric acid, it forms the Aqua Regia of com- 
merce, used for dissolving gold, instead of a mixture of nitric and 
hydrochloric acids, It is decomposed by the fixed alkalis, and by the 
. alkaline earths. 

Native sal-ammoniac occurs massive and crystallized, in the vicinity 
of volcanoes, and in the cracks and pores of lava near their craters, It 
has thus been found at Etna, and at Vesuvius, in the Solfaterra near 
Naples, and in some of the Tuscan lakes. An efflorescence of it is some- 
times seen upon pit-coal. Its colour varies, from the admixture of foreign 
matter, and it is frequently yellow from the presence of sulphur. It is 
_ said that considerable quantities of native sal-ammoniac are also found 
in the country of Bucharia, where it occurs with sulphur in rocks of 
indurated clay. The ancients, according to Pliny, called this salt ammo- 
niac, because it was found near the temple of Jupiter Ammon, in Africa. 
It has been detected hy Dr. Marcet in sea-water. (Phil. Trans., 1822, 
p. 454.) 


Ammonia snp Ioptne.—The mutual action of iodine and ammonia 
was first studied by Colin. (Ann. de Chimie, xci. 262.) Iodine ab- 
sorbs dry ammoniacal gas, and produces a viscid compound, at first of a 
metallic appearance, but becoming deep brown and more liquid by excess 
of ammonia. Added to water this liquid produces a crimson-coloured 
solution, and yields iodide of nitrogen: it is also soluble in alcohol, and 
acts more powerfully on organic matter than pure iodine. Exposed to 
air it ultimately leaves a pale-brown powder, powerfully detonating, and 
exhibiting a bright light at the moment of explosion. Landgrebe, who 
has ascertained these facts (PoggENDoRFE’s Annalen, xiv. 539), considers 
this as a distinct iodide. It detonates at the temperature of about 80°. 
The action of iodine on liquid ammonia has been already described. 
Berzelius regards the iodide of ammonia ag an hydriodate of iodide of 
nitrogen and of ammonia. Bineau states that 100 parts of iodine ab- 
sorb 20°4 of ammonia, which is in the proportion of 2 atoms of iodine 
and 3 atoms of ammonia. (Ann. de Ch. et Ph., uxvii. 228. ) 

25 
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Iopate oF AMMONIA (a + 50)+ (h + 370) is obtained by saturating 


jodie acid with ammonia. It forms small crystals, sparingly soluble in — 


water; it deflagrates, when thrown upon hot coals, with a pale violet 
flame; heated highly in a tube it explodes, and is decomposed into oxy- 
gen, nitrogen, water, and iodine. Its composition has not been experi- 
mentally ascertained. 


Hypriopate or Ammonia. (A + 32)+ (A+?) or (A +hw.) Le 
former paragraph the action of iodine on ammonia has been stated to 
produce a portion of hydriodate of ammonia: this compound may be 
directly formed by mixing equal volumes of hydriodic and ammoniacal 
eases; or by saturating liquid hydriodic acid by carbonate of ammonia: 
it forms very soluble and deliquescent cubic crystals, which are anhy- 
drous, and volatile in close vessels without decomposition. Its aqueous 
solution dissolves iodine. (Gay Lussac, Ann. de Chim., xci.) Hydrio- 
date of ammonia consists of | 


Ammonia Da soe eenteae 8 We byes seco 
Hydriodic acid . . . 1 . 126. 88 
Hydriodate of ammonia 1 143 100 


AmMonIA AND Bromine act on each other with the evolution of 


nitrogen, and form hydrobromate of ammonia; but no bromide of 
nitrogen. 


Bromate or Ammonia has not been examined. 


Hyprosromate or Ammonta. (A+ hb’ is a volatile prismatic salt, 


becoming yellow and slightly acid by exposure to air. It is constituted 
of equal volumes of gaseous hydrobromic acid and ammonia. 


Hyproriuate or Ammonia. (A+ hf’) According to Berzelius, the 
neutral hydrofluate is best obtained by heating in a platinum crucible a 
mixture of one part of hydrochlorate of ammonia with 2°25 parts of fluo- 
ride of sodium, both in fine powder: the cover of the crucible should be 
inverted, and contain water, to be replaced as it evaporates, so as to pre- 
vent its temperature exceeding 212°. A gentle heat sublimes the salt, 
which attaches itself in small prismatic crystals to the cool cover. If the 
salts were moist, ammonia is evolved, and an acid salt obtained. * Hydro- 
fluate of ammonia is permanent in the air, readily soluble in water, and 
less so in alcohol. At a high temperature it melts and sublimes; it 
corrodes glass, and its solution furnishes a ready means of etching upon 
it; it absorbs ammonia, but does not retain it when sublimed. When 
its solution is evaporated, ammonia escapes, and a remarkably deliquescent 
bihydrofluate of ammonia, imperfectly crystallizable, remains. 


Hyeonirrire or Ammonia (A+ n) is obtained when neutral hypo- 
nitrate of lead is decomposed by sulphate of ammonia. Its solution is 
decomposed by a very gentle heat, and evolves nitrogen; but it remains 
neutral. Exposed to spontaneous evaporation in a dry atmosphere, an 
irregularly crystallized mass is obtained, which melts, and is decomposed 
when heated, being resolved into nitrous oxide, water, and ammonia. 
- (BERZELIUS.) . 


pitegns ob 


a ee Sed 


em ¢ 3 


_-nia are, 2 atoms of nitro- 


NITRATE OF AMMONIA. 435 


Ammonta anv Nitric Acip; Nitratr or AMMONIA, (N+ 3 hy +(+ 50) 
or (A+’). (Hypothetical Nrrrate or OxipE oF Ammonium.) This 
salt may be procured by the direct union of ammonia with nitric acid ; 
or more easily, by saturating dilute nitric acid with carbonate of ammo. 
nia. It has been mentioned as the source of nitrous oxide, and when 
carefully heated it is entirely resolved into that gas and water. Exclu- 
sive of water, nitrate of ammonia consists of 


Ammonia iit Pee ee: ge AD Oey 
Nitric acid 


The decomposition of this 
salt by heat, and its reso- NITRATE oF AMMONIA. 
lution into nitrous oxide and 
water, furnishes a good il- 
lustration of the theory of 
_ definite proportionals, both 

- in volumes and weights; the 14 
elements of nitrate of ammo- 


Nitric Acid. Ammonia. 
54 


Nitrogen. Nitrogen. Hydrogen, 


14 1 


gen, 5 of oxygen, and 3 of 
hydrogen; and their respec- 
tive volumes are represented 
in the annexed diagram. 
Nitrous oxide consists of 
1 proportional of nitrogen 
= 14 + 1 of oxygen = 8; 
hence the 2 proportionals of Two proportionals of Three proportionals of 
nitrogen in the salt (1 in the Nitrous Oxide. | Water. 
acid, and 1 in the ammonia) 
will require 2 of oxygen to 
produce nitrous oxide, and 
the remaining 3 of oxygen 
will unite to the 3 of hydro- 
gen, to form water; and 
accordingly nitrous oxide and 
water are the only possible 
results; so that the elements 
after the decomposition of — 
the salt, are arranged as in 
the opposite diagram : 
or, represented by symbols, (N+ 50)+(N + 3h) become 2(%+0) and 
3(h+0). yee 
Nitrate of ammonia has long been known, and was formerly called 
Nirum flammans, in consequence of its rapid decomposition with a 
slight explosion when heated to about 600°. It differs in form according 
to the manner in which its solution has been evaporated; if at a tem- 
perature below 100°, its crystals are six-sided prisms terminated by 
six-sided pyramids; if boiled down, its crystals are thin and fibrous; it 
is deliquescent, and soluble in twice its weight of water at 60°, and in 


2F2 


Nitrogen. 


14 


Oxygen. 
8 


Hydrogen. sig 
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its own weight at 212°. Its taste is acrid and bitter. It cannot exist 
without elementary water. According to Berzelius, the prismatic variety 
affords 11-232 per cent.; hence it may be considered as containing 


Anhydrous nitrate of ammonia? . 1 . . 71 . . 887 
Water ® e o, e e 9 ° ° 11°3 


1 
1 80 100°0 
Amipocen. (0+ 2h.) Ammonium. (7+ sh.) In the preceding 
notice of some of the ammoniacal salts we have considered them, in 
respect to the oxyacids, as similarly constituted to the metallic salts 
generally; ammonia appearing to act the part of a metallic oxide, and 
uniting to the acid to constitute a salt. But the anhydrous acids cannot 
thus be combined; and one atom of water is essential to the composition 
of all the salts of ammonia with the oxyacids. Again, we have found that 
when chlorine and its analogues combine with ammonia, nitrogen is 
evolved, and a salt is formed in which a hydracid is presumed to have 
united with remaining undecomposed ammonia; in short, that the same 
ultimate result is obtained as if ammonia and the hydracid had been 
directly combined, excepting that in the latter case, no evident decom- 
position either of the ammonia or acid has ensued. When we come to 
examine, in a subsequent chapter, the constitution of salts, we shall find 
that ammoniacal salts present other discrepancies and peculiarities when 
ammonia is viewed as their base, but that they may be assimilated, if 
ammonia be considered as the hydruret of a hypothetical base, composed 
of an atom of nitrogen combined with two atoms of hydrogen, and repre- 


sented therefore by the symbol (+ 2h.) ‘To this hypothetical body, 


for it has not yet been isolated, the name amidogen, or ammogen, has 
been given, and it is assumed that it combines in two proportions with 
hydrogen, forming ammonia, and ammonium; but ammonium, like ami- 
dogen, has not been separately obtained. The following, therefore, upon 
this hypothesis, are the compounds of nitrogen with hydrogen:— ~ 


; Nitrogemie: 00k 4, SS 
TL BEOCE SDA roceniee eae afor (m+ 2h). 
Ammonia J Nittogen — - +) aah 


iam | ag 
Hydrogen . . 3. g por (+ 3/%). 
1 


: Nitrogen. . Chg? Npbaa EN 
Ammonium { tydrogen Sh aE AR 4}o (n+ sh). 


It is obvious therefore that amidogen may be considered as the 
direct or primary combination of nitrogen and hydrogen, and ammonia 
and ammonium as its two hydrurets, ammonia being (0+ 2h)+ h, and 
ammonium, (7+ 2h)+ 2h. . 

It is assumed that in the ammoniacal salts of the oxyacids an atom 
of water (A+ 0) is always present, and consequently that they really 
are salts of oxide of ammonium, the elements of the water being 
concerned in converting the ammonia into oxide of ammonium; for 


it is clear (W+ sh)+h+o may be regarded as (70+ sh+ 0). In 


is 
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reference, therefore, to this view, nitrate of ammonia will be a nitrate of 

oxide of ammonium; for assuming the nitric acid to be acompound of one 
atom of anhydrous nitric acid and one atom of water, (70-+ 50)+ (A+ 0), 
in which state it must be to form the salt, it is then clear that nitrate of 
ammonia will be (2+ 50)+(%+ 3h) + (h+ 0), and that these elements 
will be equivalent to (2+ 50)+(N+ 4h+0). 

Again, as regards the combination of the hydrochloric acid with 
ammonia, and the supposed formation of hydrochlorate of ammonia, this 
salt, in reference to the preceding statement, must be regarded as a chlo- 
ride of ammonium, for the elements of ammonia (+ 3A) and of hydro- 
chloric acid (h+ C), are equivalent to those of ammonium (7+ sh) and 
chlorine (C). The further illustrations of the ammonium theory, as it 
has been called, and the supposed proofs of the existence of amidogen 
will be given afterwards. 


ATMOSPHERIC AIR. 


Tuer composition of the atmosphere has been frequently alluded to in 
the preceding pages, and now that we are acquainted with its essential 
elements, nitrogen and oxygen, it will be useful to consider its nature 
and properties somewhat more in detail. 

The atmosphere is a thin, transparent, invisible, and elastic fluid, 
which surrounds and revolves with our planet, and reaches to a consider- 
able height above its surface, probably between forty and fifty miles. 

Phat air is a ponderous body, was first suspected by Galileo, who 
found that a copper ball, in which the air had been condensed, weighed 
heavier than when the air was in its ordinary state of tension. The fact 
was afterwards demonstrated by Torricelli, whose attention was drawn to 
the subject by the attempt of a well-digger at Florence to raise water by 
a sucking-pump to a height exceeding 33 feet. . It was then found that 

_the pressure of the atmosphere, and not Nature’s abhorrence of a vacuum, 
was the cause of the ascent of the water in the pump-pipe, and that a 
column of about the height mentioned, was sufficient to equipoise the 
atmosphere, which, at the level of the sea, presses with a weight of about 
Jifteen pounds on every square inch of surface, and is capable of support- 
ing a column of ‘water about 34 feet high. Comparing the specific 
gravity of mercury with that of air and water, Torricelli inferred that if 
a column of air one inch square and as high as the atmosphere, weighed 
15 pounds, and a column of water 34 feet high and an inch square, 
weighed also 15 pounds, the height of a similar column of mercury 
would be about 30 inches; he accordingly, in 1643, filled a glass tube, 
three feet long and closed at one end, with mercury, and inverted it 
in a basin of the same fluid; he found that the mercury fell about six 
inches, so that the atmosphere counterbalanced a column of mercury 30 
inches in height. The empty space, in the upper part of the tube, has 
hence been called the Torricellian vacuum, and is nearly the most per- 
fect that can be formed. Paschal and Torricelli afterwards. observed 
that, upon ascending a mountain, the mercury fell in the tube, because 
there was less air above to press upon the surface of the metal in the 
basin; and thus a method of measuring the heights of mountains by the 
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barometer, as the instrument is now called, was devised. Sir Henry 
Englefield constructed a barometer expressly for these investigations, 
the mode of using which is described in the Journal of Science and the 


Arts, vol. v., p. 229. Such instruments are now commonly called Moun-— 


tain Barometers. 

The barometer indicates, by its rise and fall, a corresponding change 
in the pressure of the atmosphere. At the surface of the earth the mean 
density or pressure is considered equal to the support of a column of 
mercury 30 inches high, which would give a pressure upon every square 
inch of about 15 lbs.* 


Inches. 


At 1000 feet above the surface the column falls to 28°91 
2000 > a 27°86 
3000 tA _ 26°85 
4000 ¥ a 25°87 
5000 a Ks 24:93 

1 mile = a 24°67 
2 ‘ 2 20°29 
3 9 ” 16°68 
4 9 ”? 13°72 
5 3 te 11:28 
10 a x 4-24 
15 is i" 1°60 
20 ‘ , 0°95 


Ata height of 2°705 miles, = 11,556 feet, one volume of the atmosphere 
would expand into two, its calculated density being diminished at that 
height by one-half; the density is again halved at every 2°7 miles addi- 
tional elevation, as in the following table. 

Height above the 


sea in miles. Volume, 
0 Se gt et Get Sotaae bie ane eae ieee 1 
2°706" WR S44 WERE. te Se ae 74 
Beal) 7.” Sie Seb, othe Gee ERS 4 
0 Eee et Anes A Rap are ay ~ 8 
1L0°B20. os Segre te ee tes ie es eee 16 
138025! scene actus ee een cae aie 32 
LGE*23O Ss BER, aes ey Peper 64 
18035. ORS Aa. ee SEO. ah eo 


It has been ascertained that the temperature of the atmosphere dimi- 
nishes about 1° for every 330 feet of ascent, the cause of which’is partly 
referable to the increased capacity of air for heat in proportion as its 
density diminishes, and partly to the circumstance that the atmosphere 
is chiefly heated by the earth. The line of perpetual congelation gradually 
descends from the equator to the poles. At 0° latitude it is stated to b 
15200 feet; at 60°, 3818; and at 75°, only 1000 feet. vi 

Tut MecuanicaL Proverties oF THE Arr are best illustrated by the 
air-pump, the construction of which much resembles that of the com- 


observations with such instruments cu- 
rious and instructive. A water-barome- 
ter was put up, in the year 1832, in the 
Hall of the Royal Society at Somerset 
House, under the direction of Mr. 
Daniell, of which an interesting descrip- 
tion will be found in the Philosophical 
| Transactions for that year. 


* This is equal to a column of water 
of between 33 and 34 feet in height, and 
accordingly in all ordinary cases, the 
requisite length of the tube prevents the 
construction of water-barometers, but 
their great rise and fall, as compared 
with the mercurial column, and the 
singular facility with which they fluc-_ 
tuate with atmospheric changes, renders. 


, 
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mon pump for raising water, excepting that all the parts are more 
accurately and nicely made, the object being to exhaust the air as 
completely and expedi- 
tiously as possible. The 249 
annexed sketch (figure 
242,) will give an idea 
of the operation of the 
common air-pump. ab 
are cylinders, into which 
the sliding-pistons cdare 
accurately fitted: eis a 
tube issuing from the 
bell-glass placed upon a 
brass plate f, and enter- 
ing the lower part of the 
cylinders at Ah, where 
are valves opening up- 
wards. In each piston 
is also a valve opening 
upwards at gg. The cy- 
linder a represents the 
piston in the act of being 
drawn up. By elevating 
the piston c,an attempt 
will be made to form a 
‘vacuum underneath it; 
but a portion of the air, | 
in consequence of its elasticity, will pass out of the bell f, along the 
the tube e, and elevating the valve h, will fill the space below the piston, 
the valve g being kept closed by the weight of the incumbent atmosphere. 
In the cylinder 6 the piston is represented in the act of depression, the 
valve fh therefore is forced down upon the orifice, which it perfectly 
closes; and the air, confined between it and the piston, now makes its. 
escape by the piston-valve g, which is accordingly open, so that at every 
stroke of the pump a portion of air is withdrawn from the receiver f. 

With this air-pump it is obviously impossible to obtain more than an 
imperfect vacuum in the receiver f, for the valves can only act by the 
elasticity of the remaining air; and, accordingly, if a barometer be placed 
under the receiver, the mercury will never attain a level in the tube and 
basin, but will always indicate a degree of pressure, as is shown by the 
small syphon gauge at 7; and if a tube three feet long (4) have its upper 
end opening into the receiver, and its lower end plunged into a basin of 
mercury, the mercury will never rise so high asin the common barometer, 
where the vacuum above it is more perfect, but will indicate the pressure 
of aremnant of airin the receiver. The syphon gauge, and the barometer- 
gauge as applied at k, are very useful appendages to the air-pump, as 
showing the degree of exhaustion, and its permanence. 

The operation of the pump in removing air, and the mechanical 
properties of the atmosphere, may be shown by a variety of experiments. 
Its pressure is illustrated by the fouae with which the bell-glass is pressed 


sbetes 
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down upon the plate of the pump; the absence of tls buoyancy, by the 


descent of a guinea and a feather at the same time in the exhausted — 4 


receiver; and by the preponderance of the larger of two bodies which 
balance each other in the open air. The want of resistance in the 


exhausted receiver is also shown by the equal duration of the motion of 


two fly-wheels, with their plates placed in different directions. The 
elasticity of the air is illustrated by the action of the pump itself, or by 
the distension which a'flaccid bladder suffers during the removal of the 
eXternal air, when placed under the receiver. 

The extreme elasticity of the air, and the changes of bulk which it is 
constantly sustaining under variations of pressure and of temperature, 
have been already partially adverted to. The general law of its com- 
pression was originally developed by Boyle in 1662, and afterwards 


investigated by Mariotte. They found that the volume of air, and all . 


other elastic fluids retaining that state, was inversely as the pressures 
acting upon them. Thus a volume of air = 100 under any given pressure, 
will be diminished to 50 when that pressure is doubled; and expanded 
to 200 when the pressure is diminished by one half. From the experi- 
ments of Oersted (Edinburgh Journal of Science, iv.), this law applies 
under very high pressures; indeed, till liquifaction is effected. We have, 
however, no evidence of the liquifaction of atmospheric air under any 
pressure, Mr. Perkins’s experiments upon that subject (Phil. Trans.) not 
being conclusive. 

Specific Graviry or Air.—The specific gravity of atmospheric air, 
at mean temperature and pressure, that is, the thermometer being at 60°, 


and the barometer at 30 inches, is usually considered as=1, being the | 


standard of comparison to which the specific gravities of gases and vapours 
are referred. In consequence of the interfering causes, and the delicacy of 
the methods required for the determination of the weight of a given bulk of 
air, the results of different experimentalists are a little at variance; and 
accordingly the tables of the specific gravities of aériform fluids, given in 
different works, are seldom exactly consistent with each other. From the 
latest experiments of Dr. Prout, 100 cubic inches of pure and dry atmo- 
spheric air, at mean temperature and pressure, weigh 31:0117 grains, so 
that, upon this datum,‘it is about 815 times lighter than its bulk of water, 

and 11,065 times lighter than its bulk of mercury. At the temperature 


of 32°, 100 cubic inches of atmospheric air weigh, according to Dr. 


Thomson, 32°79 grains. Compared with hydrogen its specific gravity is 
as 15°2to 1. In the following table (drawn up by Mr. Daniell) the weight 
of 100 cubic inches of the lightest and heaviest known forms of matter 
are contrasted with air and with water in its different states: their spe- 
cific gravities compared with air and water are also shown. 


Weight in Sp. gr., air |Sp. gr., water 


100 Cubic inches. 


grains. being =1. being =1. 
Hydrogen APES Py 2°138 0°0694 | 0°0000846: 
AA Ee, eee Cage 31:000 1:0000 | 0:0012277 | — 
Steam a tae Soe 19°220 0°6240 | 0:0007611 
lee. oft) died Sia ee 23735°000 765°0000 | 0:9400000 
Water elnist gs ae eek 25250°000 814:0000 | 1:0000000 
Platinum ...., 542875000 | 17512-0000 | 21-0000000 
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| Dererminartion or Tue Sercrric Gravity or Gasres.—For ascertaining 
the specific gravity of gaseous bodies, a good air-pump is essentially 
requisite; a light glass balloon (fig. 243) or flask 6, and a 
graduated air-jar a, each supplied with stop-cocks, are also an 
required. The stop-cock attached to the flask should be as 
small and light as possible, C+) 

Dr. Henry, in his Elements of Chemistry, and Mr. Fara- 
day, in his Chemical Manipulation, have given explicit and ) 
extended directions for determining the specific gravities of a 
gases, to which the reader is referred, and of which the 
following is an abstract. wp 

The gases should be retained and collected over mercury, Bate 
and carefully dried, by exposing them to proper substances to 
for absorbing the aqueous vapour with which they are mixed, 
and which would sometimes materially affect the accuracy of 
the result; or they should be taken saturated with moisture, 
and a correction afterwards made for the weight of the vapour 
contained in a given bulk of the gas. 

Supposing the receiver a to be filled with any gas, the 
weight of which is to be ascertained, screw the cock of the vessel } on the 
plate of an air-pump, and exhaust it as completely as possible, carefully 
ascertaining by the barometer-gauge of the pump, that it retains its 
vacuum. The weight of the exhausted vessel is then very accurately 
taken, even toa small fraction of a grain; and it is screwed upon the 
cock of the receiver a. On opening both cocks, the last of which should 
be turned very gradually, the gas ascends from the vessel a; and the 
volume which enters into the flask is known by the graduated scale on a. 
On weighing the vessel a second time, we ascertain how many grains have 
been admitted. If we have operated on common air, we shall find its 
weight to be at the rate of 31 grains to 100 cubical inches. The same 
quantity of oxygen gas will weigh 34-60 grains, and of carbonic acid gas 
47°3 grains. In these manipulations, care is to be taken not to warm 
any of the vessels by contact with the hands, from which they should be 
defended by a glove. On opening the communication between the re- 
ceiver and the exhausted vessel, if any water be lodged in the air-cock 
attached to the former, it will be forcibly driven into the latter, and the 
experiment will be frustrated. This may be avoided by using great care 
in filling the receiver with water, before passing into it the gas under 
examination: a small plug of bibulous paper, or of cotton, may also be 
put into the upper orifice of the stop-cock. 

The specific gravity of any gas, compared with common air, is readily 
known, when we have once determined its absolute weight. Thus, if 100 
cubic inches of air weigh 3] grains, and the same quantity of oxygen 
gas weigh 34°6 grains, we say, | | 

31: 346 :: 1000 : 1-11). 

The specific gravity of oxygen gas, compared with atmospheric air, 
will therefore be as 1-111 to 1-000. | 

We may determine, also, the specific gravity of gases more simply, 
by weighing the flask, first when full of common air, and again when 
exhausted; and afterwards by admitfipg into it as much of the gas under 


a he 
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examination as it will receive, and weighing it athird time. Now, as the 


loss between the first and second weighing is to the gain of weight on 


admitting the gas, so is common air, to the gas whose specific gravity we 


are estimating. Supposing, for example, that by exhausting the flask it 


loses 31 grains, and that by admitting carbonic acid it gains 47:3; then 
81s ATS ss 1000 Ser az ys 
The specific gravity of carbonic acid is, therefore, 1-527, air being taken 
at 1:000. And knowing its specific gravity, we can, without any further 
experiment, determine the weight of 100 cubic inches of carbonic acid ; 
for, as the specific gravity of air is to that of carbonic acid, so is 31 to 
the number required; or 
1:000 vice (O27 teite ao lai gages 
100 cubic inches, therefore, of carbonic acid, will weigh 47°3 grains. 

In consequence of the facility with which the bulk of aériform bodies 
is altered by variations of pressure and temperature, these must always 
be taken into account when speaking of their respective volumes: for 
convenience sake, they are generally therefore reduced to what is 
termed mean pressure and temperature: mean pressure being that which 
sustains 30 inches of mercury in the barometer tube, and mean tempera- 
ture that of 60° of Fahrenheit, or 15° of the Centigrade scale. This, at 
least, is by far the most convenient thermometric point, though it unfor- 
tunately happens that it is not always strictly adhered to; for by Act of 
Parliament, the temperature at which the specific gravity of spirituous 


liquors is determined for the purposes of the excise, and that at which 


the standard weights and measures are adjusted, is 62°. 

The following are the rules for the reduction of gaseous volumes to 
mean pressure and temperature. 

First, in respect to pressure, (assuming the mean height of the baro- 
meter as =30 inches,) it is obvious that as the mean height of the baro- 
meter is to the observed height, so is the observed volume to the volume 
required. Suppose, for instance, we had measured 100 cubic inches of 
air at a barometrical pressure of 29 inches, and wished to know what 
would be its volume at 30 inches, we shall find by the rule of proportion 
that 


Mean height. Observed height. Observed volume. Required volume. 


30 ‘ 29 BED 100 : 96°6 


Or, in regard to weight, suppose that with the barometer at 29 inches, 


we had found 100 cubic inches of air to weigh 29°9 grains, and wished 
to know what the weight would be at standard pressure, we shall find 
by the rule of proportion that 


Observed height. Mean height: Observed weight. Required weight. 
29 : 30 ae 29°9 ; 31 
Secondly, in respect to temperature, it has been above stated (page 142) 
that 100 volumes of air at 32° become 137°5 at 212°, the increase being 
875th of the original bulk: dividing this by 180, it .is found that a 
volume of air dilates zjth of the volume which it occupied at 32° for 
every degree of Fahrenheit’s scale, and the same law applies to all other 
aériform bodies not in contact with any liquid. If, therefore, it be re- 
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quired to know what volume 100 cubic inches of air at 70° would occupy 
at 60°, we must bear in mind that it is not 75th part per degree of the 
observed volume at 70°, which is to be deducted; but ;1,th part of the 
volume which 100 cubic inches at 70° would occupy at 32°. Now 480 
parts of air at 32°, become 481 parts at 33°, and increase one part for 
every additional degree, so that at 60° they have increased to 508 parts, 
and at 70° to 518 parts, and thus we have a proportion between the 
volumes at 60° and 70° by which we can determine the question: for 


Volume at 70°. Volume at 60°. Cub. in: at 70°. Cub. in. at 60°. 


480 + 38 : 480 + 28 ae 100 : 98°069 


or, on the other hand, if we wish to know the correct volume at 60°, of 
~ 40 cubic inches of air observed at 35°, 


Volume at 35°. Volume at 60°. Cubic inches. Cubic inches. 


480-+3 : 480 +28 2: 40 : 42:07 


Again; the weight of 100 cubic inches of air being 31 grains at 60°, the 
weight of an equal volume at 212° will be found as follows:— 


Volume at 212°. Volume at 60°. ~ Grains. Grains. 


480 + 180 : 480 + 28 ae: 31:0 : 23°86 


in making the correction for temperature in addition to that for 
pressure, it matters not which is first applied to the observed volume, as 
the result will be the same in either case*. . 

It has already been observed that gas, when standing over water, 
becomes saturated with aqueous vapour, the quantity being proportional 
to the temperature. In such cases a part of the observed volume, as 
well as of the weight, is due to vapour, which therefore must be deter- 
mined before the actual weight of the gas can be accurately calculated. 
The following table (Farapay, Manipulation, 2nd edition, p. 376,) exhi- 
bits the proportion by volume of aqueous vapour existing in any gas 
standing in contact with water at the corresponding temperatures and at 
mean barometric pressure. 


ate... a 00933 Boe es OLED CB eo  O240G 


eae ss: OO9TS 55. « . 01586 GO Fr ae Okie 
Sores o's) 31801013 56 . . . *01640 70 ig 8 el 02566 
4S: . . “01053 Bian 2+) ‘su OLGOS Fly oe Sets (02653 
44 . . . 01093 58 -. .  °01753 Loe a Sot ote 2740 
SD oe > « OLISS SAee ke «begs OLOLO (EDA IPR 
46 ee SS O117S 60 ., . . ‘01866 [Et Oe ne On oe 
AT te eee OL 213 GE 01923 Oey FR 03020 
bits Pere ORS P2evo esas), 1°01 980 76. ane oy. ie OFL2O 
49) ees OLZ9S 63 . . . °02050 if Re Re ee ee 
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By reference to this table, which is founded upon the experiments of 
Mr. Dalton and Dr. Ure, and includes any temperature at which gases 


from Mr. Dan1EL1’s Introduction (§ 154) | misunderstood and therefore misstated. 


* I have taken the above equations) upon the subject: the rule is frequently 
to which I refer for further “Gu 
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are likely to be weighed, the proportions in bulk of vapour present, and 
consequently of the dry gas, may be easily ascertained. For this purpose 
the observed temperature of the gas should be looked for, and opposite 
to it will be found the proportion in bulk of aqueous vapour at a pressure 
of 30 inches. The volume to which this amounts should be ascertained 
and corrected to mean temperature. Then the whole volume is to be 
corrected to mean temperature and pressure, and the corrected volume of 
vapour subtracted from it. This will leave the corrected volume of dry 
gas. It has been ascertained, in a manner approaching to perfect accu- 
racy, that a cubic inch of permanent aqueous vapour corrected to the 
temperature of 60°, and a mean pressure of 30 inches, weighs 01929 
grains. The weight, therefore, of the known volume of aqueous vapour, 
is now easily ascertained, and this being subtracted from the weight of 
the moist gas, will give the weight of the dry gas, the volume of which 
is also known. Asan illustration, suppose a gas standing over water had 
been thus weighed, and that 220 cubic inches at the temperature of 50° 
Fahr., and barometric pressure of 29-4 inches had entered into the globe 
and caused an increase in weight of 101-69 grains. By reference to the 
table it will be found that at the temperature of 50°, the proportion of 
aqueous vapour in gas standing over water is ‘01333, which in the 220 
cubic inches will amount to 2°933 cubic inches, which, corrected to the 
temperature of 60°, becomes 2°942 cubic inches. The whole volume 
corrected to mean temperature and pressure will be found to equal 
219-929 cubic inches, from which, if the 2°942 cubic inches of aqueous 
vapour present be subtracted, it will leave 216°987 cubic inches as the 
volume of dry gas at mean temperature and pressure: 2°942 cubic inches 
of aqueous vapour weigh °5675 grains, for 2°942 x 0:1929—0°5675; this 
subtracted from 101-69, the whole weight leaves 101°1225 grains, which 
is the weight of the 216°917 cubic inches of diy gas; and by the simple 
rule of proportion, therefore, it will be found that 100 cubic inches of 
such gas, when dried, and at mean temperature and pressure, will weigh 
46°603 grains. 

Mr. Daniell (Introduction, § 203) gives the following data for calcu- 
lating the amount of the correction for moisture. ‘* Suppose we found 
100 cubic inches of a gas saturated with vapour, properly corrected for 
the temperature of 60°, and 30 inches pressure, to weigh 31 grains, and 


wished to know the equivalent bulk and weight of the dry gas. The ~ 


observed volume is partly due to the expansion occasioned by the vapour, 
and this portion will be in the same proportion to the whole as the elas- 
. ticity of the vapour is to the total elasticity: therefore, : 
Barom. pressure. Force of vap. at.60°. Cubic inches. Cubic inches. 
30-000 : 0:560 23 100 ; 1°86 | 
The volume of the dry gas is therefore 100 — 1:86=98-14 cubic inches. 
Now this expansion of 1:86 cubic inches may be regarded as so much 
vapour of the same elasticity as the air diffused through the whole space; 
and as the specific gravity of such steam compared to air is as 0°620 to 
1:000, then 


Sp. Gr. Sp. Gr. 
of Air. of-Steam. Grains. Grains. 


1 : 0620 :: 31 : 19°22—weight of 100 cubic inches of steam; 


is gt 
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Cubic inches. Grains. Cubic inches. Grains, 


and 100 : 19:22 2: 1:86 : 0°35 


which gives the weight of the vapour to be deducted from the total 
weight: making the weight of 98:14 cubic inches of dry air = 31 — 0:35 
or 30°65. 

When it is required to deprive gases of vapour, so as to render them 
dry, they may be slowly passed through a tube about half an inch dia- 
meter, and from two to three feet long, containing fragments of fused and 
dry chloride of calcium, which, by its strong attraction for moisture, 
effects the desiccation of the gas. A few gases are, however, absorbed 
by it, in which case fused potassa, or fused carbonate of potassa, duly 
comminuted, may be substituted. Some gases are conveniently dried by 


exposing them to a surface of sulphuric acid. (See Farapay’s Manipu- 
lation, p. 386.) 


Composition oF THE ATMosPHERE.—Atmospheric air has already 
been stated to consist essentially of oxygen and nitrogen: these gases are 
merely in a state of mechanical mixture, and by no means, as some have 
‘supposed, in chemical combination. There are various ways of learning 
the proportion which the oxygen bears to the nitrogen; and as the 
relative fitness of the air for breathing has sometimes been considered as 
depending upon the quantity of oxygen contained in a given volume, the 
instruments used in these experiments have been called eudiometers. 

From facts already stated, it is obvious, that if atmospheric air, mixed 
with a certain quantity of hydrogen, be detonated by the electric spark, 
the absorption will be proportionate to the quantity of oxygen present. 
When 100 measures of pure hydrogen are mixed with 100 of pure oxy- 
gen, the diminution of bulk after detonation will amount to 150 parts; 
that is, one volume of oxygen condenses two of hydrogen. If we intro- 
duce into the graduated detonating tube (fig. 230) 300 measures of com- 
mon air, and 200 of pure hydrogen, there will reinain, after detonation, 
314 measures; so that 186 measures will have disappeared, of which 
one-third may be estimated as pure oxygen: hence 300 parts of air have 
thus lost 63 of oxygen, or 21 per cent. 

The general rule, therefore, for estimating the purity of air by 
hydrogen gas may be stated as follows:—Add to 3 measures of the air 
under examination 2 measures of pure hydrogen; detonate; and, when 
the vessel has cooled, observe the absorption ; divide its amount by 3, 
and the quotient is the quantity of oxygen. 

This mode of ascertaining the proportion of oxygen in atmospheric 
air, by detonation with hydrogen, was first resorted to by Volta, and is 
susceptible of great accuracy, since hydrogen is easily procured almost 
absolutely pure. An improved detonating tube for these purposes has 
been described by Gay Lussac. (Ann. de Chim. et Phys., iv. 188.) The 
simplest form of instrument, however, for detonating gaseous mixtures, is 
that contrived by Dr. Ure; it consists of a glass syphon with legs nearly 
of equal length, open and slightly funnel shaped at one extremity, and 
hermetically sealed and supplied with platinum detonating wires at the 
other. The sealed leg is graduated by introducing successively equal 
weights of mercury from a glass measure; 7 ounces and 66 grains troy 
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occupy the space of a cubic inch, and 34:25 grains represent 7} of that 
volume. ‘To use this instrument, it is filled with mercury, and inverted 
in the pneumatic trough; a convenient quantity of the gaseous mixture 
is introduced, and having applied a finger to the orifice, the tube is 
removed and inverted so as to transfer the gas to the sealed leg, where 
its quantity is very accurately measured; we then pour a portion of 
mercury from the open end of the tube, so as to leave a space of about 
two inches, and closing the aperture with the thumb, detonate by the 
electric spark: the included portion of air serves as a spring, and, on 
withdrawing the thumb, the change of bulk is read off, having previously 
added mercury, so as to bring it to a level in both legs of the syphon. 
Any liquid or solid that is required, may then be passed up into the 
closed end for the analysis of the residuary gas. (Edin. Phil. Trans., 
1818.) 


The action of spongy platinum, already mentioned (p. 386), may be 


resorted to, to effect the union of oxygen and hydrogen in eudiometrical 
experiments; or, the air under examination may be mixed with its bulk 
of pure hydrogen, and two or three of the small balls, composed of 
spongy platinum and clay, thrown up into the mixture standing over 
mercury; in the course of an hour or two, when the diminution of bulk 
has attained its maximum, and the vessel has cooled, the residuary gas 
is carefully measured, and one-third of its loss of bulk is = to the 
oxygen. ree 

Scheele, in his eudiometrical experiments, employed sulphuret of 
potassium, the solution of which obsorbs oxygen, as may be shown by 
agitating it with atmospheric air in a graduated glass tube. In this 
experiment the nitrogen remains unaltered. The eudiometric tubes of 
Dr. Hope (Nicuotson’s Journal, vol. iv.) and Dr. Henry (Elements, vol. i. 
p- 149), as represented in the marginal wood-cuts (fig. 244 and 245), are 


convenient for such experiments by absorption. The former consists of 


a small bottle, holding about three ounces, into which the graduated glass 
tube a is carefully fitted by grinding. It also has a ground stopper at 0. 
To use it, the phial is filled with the solution 


taining the air to be examined, fitted into its 
place. After inverting and agitating the in- 
strument, the stopper 6 may be opened under 
water, and the absorption is shown by the rise 


Dr. Henry substituted the elastic gum-bottle 
b (fig. 245), in the neck of which a short piece 


is fitted by grinding. In the Philosophical 
Transactions for 1807, Mr. Pepys has described 
a modification of this eudiometer, which may be often advantageously 
employed in delicate experiments, and by which an absorption of a 
thousandth part of the gas under examination may be measured. 

When nitric oxide gas and atmospheric air are mixed, there is a pro- 
duction of nitrous acid, in consequence of the union of oxygen with the 
oxide; and if the mixture be made over water, an absorption proportional 


of the alkaline sulphuret, and the tube a, con- 


of the fluid inthe tube. For the glass-bottle, 


of glass tube is secured, into which the tube a 


9 
a 
by 
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to the quantity of nitrous acid formed ensues. Upon this principle nitric 
oxide may be used in eudiometrical experiments; and, if proper precau- 
tions be attended to, it furnishes tolerably accurate results. Priestley 
and Cavendish, (Phil. Trans., 1783,) availed themselves of this mode, 
and Dalton has offered some remarks upon its relative accuracy (Phil. 
Mag., vol. xxviii.) The most certain results are obtained by adding to 
100 parts of the atmospheric air, previously introduced into a small beer- 
glass, an equal volume of nitric oxide gas. The mixture may be gently 
agitated, and in two or three minutes carefully decanted into a graduated 
tube, when it will be found, provided the nitric oxide be pure, that 84 
measures have disappeared: of which one-fourth, or 21 measures, are 
oxygen. Sir H. Davy suggested the use of a solution of protosulphate of 
iron, impregnated with nitric oxide gas, for the absorption of oxygen; it 
may be employed in the same way as the alkaline sulphuret. 

If a stick of phosphorus be confined in a portion of atmospheric air, 
it will slowly absorb the oxygen present. The rapid combustion of the 
same substance may also be conveniently resorted to. 
For this purpose a small piece of phosphorus may be 
introduced into the bulb of the tube a (fig. 246), con- 
taining a given measure of the air to be examined, con- 
fined over mercury, which, to prevent loss by expansion, 
should be suffered to occupy about half the tube, or to 
stand at 6. The phosphorus may then be inflamed, and 
distilled through the air in the tube; and when the 
combustion is over, and the tube cold, the residuary air 
may be transferred for measurement. These eudiome- 
trical methods were used by Lavoisier, Berthollet, and 
Seguin, (Annales de Chimie, tom. ix. and xxxiy.,) and 
are both susceptible of accuracy; and a loss of volume, 
nearly = 21 per cent. of the atmospheric air, will invariably be found to 
have occurred. ) 

Lastly, Gay Lussac has recommended the use of slips of copper 
moistened with hydrochloric acid, for the removal of oxygen from the 
air; Saussure has used thin turnings of clean metallic lead, which when 
agitated with a little water in the contact of air, absorbs its oxygen, and 
forms hydrated oxide of lead: and Berzelius employs the liquid amalgam 
of lead and mercury for the same purpose. Of these various processes, 
detonation with, or absorption by, hydrogen, and the action of burning 
phosphorus, are those which are usually resorted to, and are most precise 
and easily performed. fee | 

By experiments thus conducted, it has been found that the composi- 
tion of the atmosphere is extremely uniform in all parts of the world, 
and at all heights above its surface; and it has generally been considered 
as consisting of 
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Though these are what are usually termed the essential component 
parts of atmospheric air, it contains other substances, which to a certain 
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extent may be regarded as adventitious, and the quantity of which is 
liable to vary*: of these, carbonic acid and aqueous vapour are the most 
important and constant. The quantity of the former may usually be con- 


sidered as amounting to less than about ‘01 per cent.t The presence of 


aqueous vapour in the atmosphere is shown in a variety of ways, but 
most easily by exposing to it certain deliquescent substances, which 
liquify or increase in weight in consequence of its absorption; and as the 
gases in general, unless artificially dried, also contain vapour of water, 


it is necessary, in delicate experiments, and in ascertaining their specific 


gravity, to take this ingredient into the account (see p. 443), or to sepa- 
rate it by proper means, such as exposure to very deliquescent substances, 
among which fused chloride of calcium is especially useful, under the 
precautions already mentioned. 

The quantity of water contained in air and gases is subject to variation. 
From the experiments of Saussure, Dalton, and Ure, already referred to, 
it appears that 100 cubic inches of atmospheric air at 57°, are capable 
of retaining 0°35 grains of watery vapour; in this state the air may be 
considered at its maximum of humidity; it would also appear that all 
the gases take up the same quantity of water when under similar cireum- 
stances, and that it consequently depends, not upon the density or 
composition, but upon the bulk of the gaseous fluid; and from Dalton’s 
researches, already mentioned, it may be concluded that the vapour forms 
‘an independent atmosphere, mixed, but not combined with the air. 
(See Dantett’s Meteorology.) 

Hygroscopes and hygrometers are instruments wlichs show the pre- 
sence of water in the air, its variation in quantity, and its actual quantity 
existing in a given bulk of air at any given time. Saussure employed a 
human hair, which, by its dilatations and contractions in moisture and 


dryness, turned an index; Deluc used a thin strip of whalebone in the 


same way; Wilson employs a rat’s bladder, filled with mercury, and tied 
on to a large thermometer-tube; by its dilatation and contraction the 
mercury falls and rises in the tube, and thus indicates changes in 
the moisture of the air. 


Dr. Mason's hygrometer shows the relative. 


* Lavoisier’s experiments gave 27 
measures of oxygen and 73 nitrogen : 
Priestley stated the oxygen to vary from 
20 to 25 per cent.: Cavendish estimated 
it at 20 per cent.: Berthollet found in the 
air of Cairo and of Paris 22 of oxygen: 
Saussure in Geneva 21 to 22: De Marty 
in Catalonia, in all situations, 21 to 22 ; 
Davy, at Bristol and upon the west coast 
of England, during westerly winds, 21. 
The same in air from the coast of Guinea. 
Berger on the Jura, and on the moun- 
tains and in the valleys of Savoy, 20°3 
to 21:6: Configliachi on the Simplon 21, 
and in the Rice-fields of the Milanese 
20°8 : Gay Lussac, 22,000 feet above the 
surface, and in Paris, 21°49: Dalton in 
England 20°7 to 20°8 : seldom 21; but on 
Jan. 8, 1825, Barom. 30:9 and wind north 
east, 21°15. Gay Lussac and Humboldt, 


instead of 21, as in the external air, 


found 20°2 in the Théatre Francois 
during the performance. (L. Gmeuin, 
Handbuch, i. 443.) 


+ Saussure and Gay Lussac found the 
usual proportion of carbonic acid in the 
air from the summit of Mont Blanc, and 
650 toises above Paris. Beauvais found 
scarcely a trace of carbonic acid in the 
air over the sea off Dieppe, but the usual 
proportion inland. According to Saus- 
sure the propor tion varies with the sea- 
son: the air in a meadow, in August, 
contained 0° 0007 13; in Jan., 0°000479; 
in Nov., in rainy and stormy weather, 
0-000425. Dalton estimates the carbonic 
acid at 0001; Configliachi the maximum 
at 0°008, and Humboldt (probably an 
excess) at 0°005 to 0018, (L. GmELtIn.) 
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dryness and moisture of the atmosphere by the degree of cold produced 
__ by evaporation from a given surface. If two délicate thermometers have 
- their bulbs covered with a thin piece of muslin, and if the one be dry 
and the other moist, the depression of the latter will be directly as the 
rapidity or amount of evaporation, and this again will chiefly depend 
upon the state of the circumambient air as to moisture: if it be charged 
with vapour, no evaporation from the wet bulb will ensue, and conse- 
quently the mercury in that thermometer will remain stationary: if, on 
the contrary, it be very dry, it will eagerly abstract vapour from the 
humid surface, and a corresponding degree of cold will be indicated by 
the depression of the mercury in the humid thermometer, as compared 
with the standard or dry thermometer. The annexed wood-cut shows 
the arrangement of the thermometers in Dr. 
Mason’s instrument. He covers the bulbs with 
white silk, and that intended for the hygro- 
metric indications is kept constantly moist by 
the capillary action of a thread of floss silk 
which is attached to it, and of which one end 
dips into the cup of water forming the lower 
. end ofa reservoir, which acts upon the principle 
of the hird fountain. In this instrument the 
hygrometric degrees are best expressed by those 
of the thermometric scale. 

Mr. Daniell’s hygrometer shows the con- 
stituent temperature of the moisture in the 
atmosphere, by its precipitation upon a cold 
surface; comparing this with the temperature 
of the atmosphere, the difference furnishes a 
datum for calculating the quantity of vapour 
in a given quantity of air. A detailed account 
_ of this instrument, and of the observations 
made with it, is given by Mr. Daniell in the 
Quarterly. Journal of Science (vols. viii. ix. 
and x.), and in his “Essays.” It consists of 
a tube, twice bent at right angles, at the ends 
of which are two thin glass bulbs; the one 
tightly covered by a piece of fine muslin, the 
other about half full of ether, and including 
a very delicate thermometer, the small oblong 
bulb of which is immersed into the ether, as 
shown in fig. 248. The bulbs and tubes are 
filled with the vapour of ether, to the entire 
exclusion of air, so that when the instrument Sn eee Te 
is placed as in the figure, and the bulb a is cooled by dropping a 
few drops of good ether upon it, (see page 183 in reference to the 
phenomena of evaporation, and the construction of the cryophorus, 
which acts upon the same principle,) the interior etherial vapour is in 
_ part condensed, and the liquid in 6 furnishes a fresh portion, by which 
its temperature is more or less lowered, as shown by the immerged 
thermometer d. Now when the bulb 0 is thus cooled, it is in the condi- 
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tion of any other cold body, and has a tendency to cause the deposition 
. of aérial moisture upon its surface; 

248 and the temperature at which such 

deposition will take place, or in other 


meter d will scarcely have fallen a 
degree before a ring of moisture 1s 
evident upon 6, coinciding with the 
surface of the included ether, and 
being the point of lowest tempera- 
ture: in dry atmospheres, on the 
other hand, it will be necessary to 
reduce the temperature of the 
included thermometer, by the con- 
tinuous evaporation of ether from the 
covered bulb, many degrees, before 
the ring of dew is visible. Now the 
temperature at which this ring of 
dew is deposited, or the dew-point, 
may be accurately read off upon the 
interior thermometer by observing 

the degree at which it stands, at the 
moment of the first appearance of the ring of den; and this observation 
may be corrected or verified by again observing the temperature or degree 

at which the ring of dew vanishes: these two observations seldom differ 
more than a degree or two, and the mean may be assumed as correct, for 
the errors, if any, must lie in opposite directions. There is a second or _ 
external thermometer attached to this instrument at 4, which shows 
the temperature of the air at the time of making the observation; and 
the difference between the two thermometers at that time gives the exact 
temperature required for the deposition of the aérial moisture, or is the 
dew-point; the extent of this difference is as the dryness of the air, and 
may thus be used as an hygrometric term. On one day, for instance, 
the external thermometer being 60°, the internal fell to 48° before the 
ring of dew appeared: on another day the external thermometer stood at 
66°, and the internal had only fallen to 64° when the dew-ring appeared ; 
here therefore the degree of dryness might be called 12° in the former, 
and 2° in the lattercase. It is obvious then, in regard to this instrument, 
that it furnishes a very ready and exact method for the determination of 
the dew-point. 

“By means of the dew-point accurately ascertained,” Mr. Daniell 
observes, “many points of the utmost interest to chemical and meteoro- 
logical science may be determined. By mere inspection of tables pro- 
perly constructed, we can at once determine the elasticity and density of 
the aqueous vapour—its weight in a cubic foot of the air—the degree 
of dryness either upon the thermometric or the hygrometric scale—and. 
the rate of evaporation; when the air is saturated, the precipitation is 
instantancous,i.e., the dew-point coincides with the temperature of the air. 
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In this country, the degree of dryness measured in thermometric degrees 
seldom reaches 30°, that is to say, the dew-point is seldom 30° below the 
temperature of the air, but in the Deccan, with a temperature of 90°, the 
dew-point has been seen as low as 29°, making the degree of dryness 61°. 

“The more accurate mode, however, of expressing the moisture of the 
air from an observation of the temperature and dew-point, is by the 
quotient of the division of the elasticity of vapour at the real atmospheric 
temperature, by the elasticity at the temperature of the dew-point: for, 
calling the term of saturation 1000, as the elasticity of vapour at the 
temperature of the air is to the elasticity of vapour at the temperature of 
the dew-point, so is the term of saturation to the observed degree of | 
moisture. Thus, with regard to the observation in the Deccan, 


1430 : 0194 :: 1000 : 135. 
“The fourth term is the degree of moisture on the hygrometric scale.” 
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As an average of results, the ordinary constituents of the atmosphere 
appear to be in the following proportions: 


By Measure. By Weight. 
Nitrogen a ‘ yar ‘ ; 75°55 
Oxygen : , ile 4 : . ~ 23°32 
Aqueous vapour : 1°42 - ° 1:03 
Carbonic acid A a O08." <4: : - O10 


100 100 


_\ If the relative bulk of oxygen to nitrogen 
be considered as 1 to 4, and many analysts 
will not allow that the atmosphere contains 
_ more than 20 of oxygen to 80 of nitrogen, it 
follows that, in reference to the atomic theory, 
it is a mixture of one proportional of oxygen 
= 8, and two of nitrogen = 14 x 2 — 28; Nitrogen. 
which may be thus represented :— 14 
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In addition to the substances above enumerated as the constant com- 
ponent parts of our atmosphere, it contains, in certain situations, minute 
quantities of what may be termed accidental ingredients, the nature and 
proportions of which depend upon a variety of causes; and “as the sea 
contains a little of everything that is soluble in water, so,” as Dr. Prout 
observes, “the atmosphere may be conceived to contain a little of every- 
thing that is capable of assuming the gaseous form.” It has even been 
supposed that all substances may impart in this way portions of foreign 

“matter, which, though infinitely small, would in time accumulate into 
Sensible proportions; the formation of aérolites has even been referred 
to such a cause: but the fallacy of this hypothesis has been satisfactorily 
demonstrated by Faraday (On the existence of a limit to vaporisation, 
Phil. Trans., 1826, p. 484), his argument being founded on the principle 
_ by which Dr. Wollaston accounted for the limited extent of the atmo- 
sphere (Phil. Trans., 1822, p. 89); namely, that its boundary is depen- 
dent upon the opposing powers of elasticity and gravitation. On passing 
2G2 
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upwards from the earth’s surface the air becomes more and more 
attenuated in consequence of the gradually diminishing pressure of the — 
superincumbent part, and its tension or elasticity is proportionately 
diminished: when the diminution is such that the elasticity is a force 
not more powerful than the attraction of gravity, then a limit to the 
atmosphere must occur: the particles of the atmosphere there tend to 
separate with a certain force, but this force is not greater than the attrac- 
tion of gravity which tends to make them approach the earth and each 
other; and as expansion would necessarily give rise to diminished tension, 
the force of gravity would then be strongest, and consequently cause 
contraction, until the powers were balanced as before. 

This condition of aérial particles, Mr. Faraday applies to all other 

vapours, and infers that every kind of matter ceases to assume the elastic 
form, when the gravitation of its particles exceeds the elasticity of its 
vapour; and by proving that a variety of substances, kept for some years 
in a confined space and with moisture, underwent no evaporation, he has 
furnished ample grounds for denying the existence of a miscellaneous 
collection of vapours in the atmosphere. 

To revert, however, to the extraneous matters, as they may be called, 
which have actually been detected, or may fairly be presumed to exist at 
times in the air. We observe, in London, that traces of sulphurous and 
sulphuric acid are observable, and also of sulphate of ammonia, which 
salt we sometimes see upon dirty windows in small stellated spots: these, 
as well as finely-divided carbonaceous matter, are no doubt derived from 
coal-smoke. In the same way the air in the vicinity of certain manu- 
factories, reducing-furnaces, and other places where large quantities of 
peculiar gases or vapours may be generated, will be liable to more or less 
local contamination. In the vicinity of the sea, and especially during 
storms, the rain which falls contains traces of salt, and during a thunder- 
storm it may possibly afford slight indications of nitric acid (p. 325). 
Sometimes rain and snow have been coloured by extraneous matters, 
mechanically diffused through the air; this has occasionally been traced 
to minute lichens, and other cryptogamous plants, brought from a distance | 
by the winds, and diffused in myriads through the atmosphere; and 
sometimes to volcanic dust composed of earthy and metallic matters in a 
state of extreme comminution. The substances foreign to our atmo-_ 
sphere, and held in it in what may be termed a state of solution, are — 
probably more numerous and various, though little understood, and from 
their nature, and the minute quantities in which they exist, very difficult 
of detection or examination. ‘ Various forms of infection, and malaria or 
marsh-miasma, are instances of such contaminations, and it is not 
improbable, from the manner in-which they appear to bé decomposed 
and destroyed by chlorine, that they consist of some hydrogenated com- 
pounds. Dr. Prout (Bridgewater Treatise, p. 350,) has suggested the — 
possibility of some form of selenium being occasionally present in the air, — 
so as to produce catarrhal epidemics, and in favour of the production of 
diseases by some such foreign matters, adduces the following observations — 
which occurred to him during the presence of the epidemic cholera. — 
“He had for some years been occupied in investigations regarding the _ 
atmosphere, and for more than six weeks previous to the appearance of 
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cholera in London, had almost every day been engaged in endeavouring 
to determine with the utmost possible accuracy the weight of a given 
quantity of air, under precisely the same circumstances of temperature 
and pressure. On a particular day, the 9th of February, 1832, the 
weight of the air suddenly appeared to rise above the usual standard. As 
the rise was at the time supposed to be the result of some accidental 
error, the succeeding observations were made with the most rigid scrutiny. 
On the days immediately following, the weight of the air still continued 
above the standard, and retained its augmented weight during the whole 
time the experiments were carried on, namely, about six weeks longer: 
the increase of weight was small, but still decided and real.” Dr. Prout 
then goes on to state, that on the 9th of February the wind, which had 
been previously west, veered round to the east, and that precisely on the 
change of the wind, the first cases of the epidemic cholera were reported 
in London, and that from that time the disease continued to spread. I 
bring forward these observations not only as curious in themselves, but 
as showing, at least one cause of a possible discrepancy in the different 
estimates of the specific gravity of atmospheric air. 

Tt has already been remarked, that in all common cases of combus- 
. tion in atmospheric air, the oxygen enters into new combinations, whilst 
the nitrogen remains passive. In the same way, in the function of res- 
Piration, a portion of the oxygen is converted into carbonic acid, and is 
expired along with the unaltered nitrogen. This constant consumption 
of oxygen has induced theorists to seek for some method of its restitu- 
tion in a pure state to the atmosphere; and Dr. Priestley suggested 
the functions of the vegetable creation as one source of such renova- 
tion. But it appears from the calculations of De Saussure, that in these 
inquiries the enormous bulk or quantity of the atmosphere has been 
forgotten, and that the united effect of the different deteriorating pro- 
cesses would not occasion any sensible difference in the chemical com- 
_ position of the whole mass for many hundred years. In these specula- 
tions it must always be remembered that the different parts of the 
atmosphere are constantly kept in a uniform state of mixture, by the 
propensity which gaseous bodies have, notwithstanding material differences 
in their specific gravities, to diffuse themselves equably through each 
other, and that this equality of mixture is further promoted by the 
constant agitation to which the air is subjected by winds, and by the 
varied temperature of different portions of the earth’s surface. 

The combustion of substances in the air under ordinary circumstances 
will be explained, by reference to the details given in the chapter on 
Oxygen (p. 360), Some peculiar cases of combustion, however, which 
_Tequire more extended notice, have been ingeniously investigated by Sir 
Hi. Davy (Essay on Flame, and Phil. Trans., 1817). In examining the 
effect of rarefaction upon combustion, he found that when hydrogen gas 
was inflamed at a fine orifice, so as to make a jet of flame of about one- 
sixth of an inch in height, and introduced under the receiver of an air- 
pump containing from 200 to 300 cubical inches of air, the flame 
_ enlarged as the receiver became exhausted; and when the gauge indicated 
a pressure between four and five times less than that of the atmosphere, 
was at its maximum of size; it then gradually diminished below, but 
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burned above, till the pressure was between seven and eight times less, 
when it became extinguished. 

To ascertain whether the effect depended upon the deficiency of 
oxygen, he used a larger jet with the same apparatus, when the flame _ 
burned longer, and this when the atmosphere was rarefied ten times. 
When the larger jet was used, the point of the glass tube became white- 
hot, and continued red-hot till the flame was extinguished. It therefore 
occurred to him, that the heat communicated to the gas by this tube, was 
the cause that the combustion continued longer in the last trials when 
the larger flame was used; and the following experiments confirmed 
the conclusion, A piece of wire of platinum was coiled round the top of 
the tube, so as to reach into and above the flame. The jet of gas of one- 
sixth of an inch in height was lighted, and the exhaustion made; the wire 
of platinum soon became white-hot in the centre of the flame, and a 
small point of wire near the top fused; it continued white-hot till the 
pressure was six times less; when it was ten times less it continued red- 
hot at the upper part, and as long as it was dull red, the gas, though 
extinguished below, continued to burn in contact with the hot wire, — 
and the combustion did not cease until the pressure was reduced thirteen — 
times. 

It appears from this result, that the flame of hydrogen is extinguished 
in rarefied atmospheres, only when the heat it produces is insufficient to 
keep up the combustion, which appears to be when it is incapable of 
communicating visible ignition to metal, and as this is the temperature 
required for the inflammation of hydrogen at common pressures, it — 
appears that its combustibility is neither diminished nor increased by _ 
rarefaction from the removal of pressure. . 

According to this view with respect to hydrogen, it should follow 
that, amongst other combustible bodies, those which require least heat — 
for their combustion ought to burn in more rarefied air than those that — 
require more heat; and those that produce much heat in their combustion 
ought to burn, other circumstances being the same, in more rarefied air 
than those that produce little heat; and Sir Humphry’s experiments 
confirm these conclusions. Thus, olefiant gas, which approaches nearly 
to hydrogen in the heat produced by its combustion, and which does not 
require a much higher temperature for its inflammation, when its flame . 
was made-by a jet of gas from a bladder connected ath a small tube — 
furnished with a wire of platinum, under the same circumstances as 
hydrogen, ceased to burn when the pressure was diminished between ten 
and eleven times; and the flames of alcohol and of a wax-taper, which 
require a greater consumption of heat for the volatilization and decom- 
position of their combustible matter, were extinguished when the pressure 
was five or six times less without the wire of platinum, and seven or — 
eight times less when the wire was kept in the flame. Light carburetted _ 
hydrogen, which produces less heat in combustion than any of the common 
combustible gases, except éarbonic oxide, and which requires a higher tem- 
perature for its inflammation than any other, had its flame extinguished, 
even though the tube was furnished with the wire, when the pee 
was below one-fourth. 


The flame of carbonic oxide, which, though it produces little heat in 
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combustion, is as inflammable as hydrogen, burned when the wire was 


used, the pressure being one-sixth. 

The flame of sulphuretted hydrogen, the heat of which is in some 
‘measure carried off by the sulphur produced by its decomposition during 
its combustion in rare air, when burned in the same apparatus as the 
olefiant and other gases, was extinguished when the pressure was one- 
seventh. 

Sulphur, which requires a lower temperature for its combustion than 
any common inflammable substance, except phosphorus, burned with a 
very feeble blue flame in air rarefied fifteen times, and at this pressure 
the flame heated a wire of platinum to dull redness, nor was it extin- 
guished till the pressure was reduced to one-twentieth*. 

Phosphorus, as has been shown by M. Van Marum, burns in an 
atmosphere rarefied sixty times; and Sir Humphry found that phos- 
phuretted hydrogen produced a flash of light when admitted into the 
best vacuum that could be made by an excellent pump of Nairn’s con- 
struction. 

The mixture of chlorine and hydrogen inflames at a much lower 
temperature than that of hydrogen and oxygen, and produces a consider- 
able degree of heat in combustion: it was therefore probable that it 
would bear a greater degree of rarefaction, without having its power of 
exploding destroyed; and this was found by many trials to be actually the 
case, contrary to the assertion of M. de Grotthus. Oxygen and hydrogen, 
in the proportion to form water, will not explode by the electrical spark 
when rarefied eighteen times; but hydrogen and chlorine in the propor- 
tion to form hydrochloric acid gas, gave a distinct flash of light under the 
same circumstances, and they combined with visible inflammation when 
the spark was passed through them, the exhaustion being to one-twenty- 
fourth. 

The experiment on the flame of hydrogen with the wire of platinum, 
and which holds good with the flames of the other gases, shows, that by 
preserving heat in rarefied air, or giving heat to a mixture, inflammation 
may be continued, when, under common circumstances, it would be 
extinguished. This was found to be the case in other instances, when 
the heat was differently communicated: thus, when camphor was burned 
in a glass tube, so as to make the upper part of the tube red-hot, the 
inflammation continued when the rarefaction was nine times, whereas it 
would only continue in air rarefied six times, when it was burned in a 
thick metallic tube which could not be considerably heated by it. (Davy 
on Flame, p. 56.) 

The influence of the admixture of other gases with atmospheric air 
upon its power of supporting combustion, is another subject which has 


been elucidated by Sir H. Davy’s experiments. He found that a wax- 


* The temperature of the atmosphere | pressure decreasing in geometrical pro- 
diminishes in a certain ratio with its | gression. There is, however, every rea- 
height, which must be attended to in the | son to believe that the taper would be 
conclusions respecting combustion in the | extinguished at a height of between 9 
upper regions of the atmosphere, and | and 10 miles, hydrogen between 12 and 
the elevation must be somewhat lower | 13, and sulphur between 15 and 16. 
than in arithmetical progression, the 
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- taper was instantly extinguished in air mixed with one-tenth of silicated 
fluoric acid gas, and in air mixed with one sixth of hydrochloric acid gas; 


but the flame of hydrogen burned readily in those mixtures; and in ~ 


mixtures in which the flame of hydrogen was extinguished the flame of 
sulphur burned. ; ea 
_ The following simple experiment demonstrates this general principle. 
Into a long bottle with a narrow neck introduce a lighted taper, and let 
it burn till it is extinguished; carefully stop the bottle, and introduce 
another lighted taper; it will be extinguished before it reaches the bottom 
of the neck; then introduce a small tube containing zine and diluted 
sulphuric acid, at the aperture of which the hydrogen is inflamed; 
the hydrogen will be found to burn in whatever part of the bottle the 
tube is placed: after the hydrogen is extinguished, introduce lighted 
sulphur; this will burn for some time; and after its extinction, phosphorus 
will be as luminous as in the air, and, if heated in the bottle, will pro- 
duce a pale-yellow flame of considerable density. 
In cases when the heat required for chemical union is very small, as 
in the instances of hydrogen and chlorine, a mixture which prevents 


inflammation will not prevent combination, 7.e., the gases will combine | 


without any flash. Thus, in mixing two volumes of carburetted hydrogen 
with one of chlorine and hydrogen, hydrochloric acid was formed through- 
out the mixture, and heat produced, as was evident from the expansion 
when the spark passed, and the rapid contraction afterwards, but the heat 
was so quickly carried off by the quantity of carburetted hydrogen that 
no flash was visible. 

Steam, and such vapours as require considerable heat for their for- 
mation, have a less power of preventing combustion than permanent 
gases. Sir H. Davy found that avery large quantity of steam was 
necessary to prevent sulphur from burning. Oxygen and hydrogen 
exploded by the electric spark, when mixed with five times their volume 
of steam; and even a mixture of air and carburetted hydrogen gas, the 
least explosive of all mixtures, required a third of steam to prevent its 
explosion; whereas one-fifth of nitrogen produced the effect. (Davy on 
Flame, p. 87.) 

In the course of the above experiments, Sir Humphry endeavoured 
to ascertain what would be the effect of condensation on flame in atmo- 


spheric air, and whether the cooling power of the nitrogen would increase | 


in a lower ratio, as might be expected, than the heat produced by the 
increase of the quantity of matter entering into combustion. He found 
considerable difficulties in making the experiments with precision; but 
he ascertained that both the light and heat of the flames of the taper, of 
sulphur, and of hydrogen, were increased in air condensed four times, 
but not more than they would have been by an addition of one-fifth of 
oxygen. | 

He condensed air nearly five times, and ignited iron-wire to whiteness 
in it by the Voltaic apparatus, but the combustion took place with very 
little more brightness than in the common atmosphere, and would not 
continue as in oxygen; nor did charcoal burn much more brightly in this 


compressed air than in common air. These experiments show that (for — 


certain limits at least), as rarefaction does not diminish considerably the 


— 
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heat of flame in atmospheric air, so neither does condensation consider- 
ably increase it; a circumstance of great importance in the constitution 
of our atmosphere, which at all the heights or depths at which man can 
exist, still preserves the same relations to combustion. 


§ VIII. SULPHUR. 


Sutpuvr, or brimstone, is a brittle substance, of a pale-yellow colour, 
somewhat translucent, insipid, and inodorous, but exhaling a peculiar 
odour when heated. The ancients used it in medicine, and its fumes were 
employed in bleaching wool. (Purny, lib. xxxv. cap. xv.) Its specific 
gravity is 1970, to 2-080. Its specific heat, as determined by Regnault, 
is 0:20259; by Dulong and Petit, 0-1880. It becomes negatively elec- 
trical by heat and by friction, and is a non-conductor of electricity*. 

Sulphur is chiefly a mineral product, and occurs crystallized, its 
primitive form being an acute octoédron with a rhombic base. These 
crystals are in a high degree doubly refractive. According to Mitscher- 
lich, it has, when artificially crystallized, as when suffered gradually to 
cool after having been fused, a different primitive form, namely, an 
oblique rhombic prism. From its solutions in alcohol, ether, sulphuret 
of carbon, and chloride of sulphur, it is generally deposited in the octoé- 
dral form. Crystals of native sulphur which have been formed by the 
condensation of sulphur vapour, as well as those which are deposited 
from a solution of sulphur in any menstruum, possess forms which are 
either identical, or connected by being referable to the same crystalline 
axes. Such, on the contrary, as are produced by the cooling of fused 
sulphur belong to a different system of crystallization. The condition 
determining the form is temperature: if the crystal be formed below 232° 
it belongs to the right prismatic system; if at that point, to the oblique 
prismatic. This is proved by the influence of temperature on a crystal 
of either system; a crystal of fusion, when first formed, is perfectly clear 
and transparent, but kept at- common temperatures it soon becomes 
opaque, and presents the appearance of the roll-sulphur of commerce: the 
same change occurs when a native crystal is placed in a solution of salt 
which boils at 232°. The opacity is in both cases produced by a new 
arrangement of the particles of sulphur, by which, without any change 
in the exterior form, the internal structure of the crystal is altered to 
correspond to the crystallization peculiar to the temperature. 

Native sulphur is principally brought to this country from Sicily, where 
_ it occurs in beds, in a blue clay formation, occupying the central half of 

* Sulphur, in its ordinary state, always | a vivid combustion ensues, and a little 
contains traces of hydrogen, whichit gives | sulphuretted hydrogen is evolved. Ber- 
off during the action of various bodies | zelius, by heating sulphur with oxide of 
for which it has a powerful attraction. | lead, remarked the formation of water, 
_ Thus, if equal weights of sulphur and | but in such small and indefinite quanti- 
copper, or iron-filings, be introduced into | ties, as induced him to adopt the gene- 
a retort, and heated, a portion of sul-| rally received opinion, that the presence 
phuretted hydrogen is evolved at the of hydrogen is accidental, and that it 
period of their combination. When po- | is not an element of sulphur. 
tassium and sulphur are heated together, 
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the south coast of the island, and extending inwards as far as the district 
of Etna. This blue clay formation is considered by Dr. Daubeny of the 
same age with the gypsum bed of Paris, and therefore more recent than 
chalk. It contains beds of gypsum and of salt, and the sulphur is in some 
places associated with splendid crystals of sulphate of strontia. The 
supply of sulphur derived almost exclusively from Sicily is enormous: the 
average annual importation into England is between 16 and 17 thousand 
tons, at from 6/. to 10/. per ton. It undergoes a rough purification by 
fusion, and is brought into the market in square or oblong masses or 
blocks. At Bex, in Switzerland, sulphur occurs in the gypsum of the 
salt deposit; and it is found in the same rock in many other parts of 
Europe, generally in beds or masses; in Suabia, and near Schemnitz in 
Hungary, it is found in veins traversing granite and mica slate; and in 
the same rocks in Quito in Peru: near Gibraltar, it occurs in fetid lime- 
stone. Sulphur is also common in the fissures of lava near volcanic 
craters: there is a great deposit of this species of sulphur in the plain of 
the Solfatara near Naples. Sulphur is found abundantly combined with 
certain metals; the common ores of lead and copper are their sulphurets; 
sulphuret of iron, or pyrites, is also a very common mineral. 

Sulphur is insoluble in water, and suffers no change by exposure to 
air. When it is heated to about 180°, it volatilizes, and its peculiar 
odour is strong and disagreeable; at about 216° it begins to fuse, and 
between 230° and 270°, it is perfectly liquid, and of a bright brownish- 
yellow colour; between 300° and 400° it becomes viscid, and of a deep 
brown colour, but regains its fluidity when cooled; at higher temperatures 
it again liquifies, and at about 600° it boils, and sublimes in the form of 
an orange-coloured vapour, and may be collected either in a solid or pul- 
verulent state, according to the rapidity of the process and the size of the 
condensing vessels. The residue is the sulphur vivum of old pharmacy. 
When sulphur, which has been heated to about 300°, is poured into 
warm water, it acquires the consistency of soft wax, and hardens on cool- 
ing. In this state it is sometimes used to take impressions of gems and 
medals; it is of a reddish colour, and of the specific gravity 2°3. When 
slowly cooled after fusion, sulphur forms a fibrous crystalline mass; but 
Mr. Faraday has remarked that it sometimes retains its fluidity, and does. 
not concrete till touched by some solid body. ‘This state appears some- 
what analagous to that of water cooled in a quiescent state below its 
freezing point. (Quarterly Journal, xxi. 392.) The following table 
shows the results of Dumas’s experiments on the influence of tempera- 
ture upon the colour and properties of sulphur:— 


Temperature. Sulphur suddenly cooled by 
Fahr. Cent. Hot Sulphur. immersion in water. 
230° . . «110° . . Very liquid: yellow Very friable: usual colour 
284 . . %440~— . . Liquid: deep yellow Do. do. 

338 =. . 170. . . Thick: orange yellow  Friable: do. 


At first soft and transparent, 
oj4= ©. ¢ 9190 “>. -Thickerorange then friable and opaque : 
usual colour 


428 .. . 220 . . Viscid: reddish Soft: transparent: amber colour 
464 t0500 240 to 260 Very viscid: brown-red Very soft: transparent: reddish 
Boiling pt. Less viscid : brown-red Do. do. brown-red. 
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In order that sulphur may retain its soft or viscid state it is not 
necessary, as sometimes directed, to keep it long in a fused state, but 
merely to take care that it has been raised to a due temperature and then 
suddenly cooled by dropping it into cold water; if poured into the water 
m mass, the interior cools slowly and reverts to its brittle state: here, 
therefore, the effect of what may be called tempering is the reverse ‘of 
that produced upon steel, and somewhat corresponds with the phenomena 
presented by bronze. 

_ Sulphur is commonly met with in three forms; namely, 1. Massive 
or native sulphur, already mentioned. 2. Stick or roll sulphur, which is 
chiefly obtained from sulphuret of copper in this country, and elsewhere 
abundantly from sulphuret of iron, or common pyrites; these ores are 
roasted, and the fumes received into a long chamber of brick-work, where 
the sulphur is gradually deposited; it is then purified by fusion, and cast 
into sticks. In this state, if grasped by the warm hand, it splits with a 
crackling noise. 3. Sublimed sulphur, or flowers of sulphur, which is in 
a pulverulent form, and procured by condensing the vapour of sulphur 
rapidly in capacious receivers; it is of a peculiar pale yellow colour, and 
when examined by a microscope appears composed of minute crystals; 
-. it is always somewhat sour, and therefore for certain pharmaceutical pur- 
poses is directed to be washed with hot water. 

The sulphur of commerce occurs in three prevailing colours, namely, 
lemon yellow verging on green, dark yellow, and brown yellow; these 
shades result, partly at least, as the above table shows, from the differ- 
ent degrees of heat to which it has been exposed during its fusion or 
extraction on the great scale, the palest variety having been the least 
heated. The different modes of purifying sulphur are described by Dr. 
Ure in the first volume of the Royal Inst. Journal. (For a detailed 
account of the methods of obtaining and purifying sulphur, see also 
Dumas: Chimie appliquée aux Arts.) 

For some pharmaceutical purposes sulphur is precipitated from its 
alkaline solutions, by an acid, and, when washed and dried, is in the 
form of a yellowish-gray impalpable powder; this is the milk of sulphur 
and precipitated sulphur of the Pharmacopaia. Dr. Thomson considers it 
as a compound of sulphur and water. (System of Chemistry, vol. i. p: 285.) 

The purity of sulphur may be judged of by heating it gradually upon 
a piece of platinum leaf; if free from earthy impurities, it should totally 
evaporate. It should also be perfectly soluble in boiling oil of turpentine. 
(Arxwy’s Dictionary, Art. Supuur.) According to Dr. Ure, sulphur is 
soluble in ten times its weight of boiling oil of turpentine at 316° 
forming a solution which remains clear at 180°. As it cools to the at- 
mospheric temperature, crystalline needles form, which may be washed 
with cold alcohol or tepid water. The usual impurities of the sulphur, 
which are carbonate and sulphate of zinc, oxide and sulphuret of iron, 
sulphuret of arsenic, and silica, will remain unaffected by the volatile oil, 
and may be separately eliminated by the curious, though such separation 
is of little practical importance. 

Sulphur dissolves with some difficulty, and in very small proportions, 
in alcohol; to effect this solution both substances should be brought 
together in the state of vapour. It is more soluble in sulphuric ether. 
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It appears from the statements of Dumas and of Mitscherlich that the 
density of sulphur vapour is about 6°6 (Ann. de Chim. et Phys., i. 170, 
and ty. 5), so that supposing it to exist in the state of vapour at mean 
temperature and pressure, 100 cubic inches would weigh 206 grains, and 
its specific gravity to hydrogen would be as 96 to 1. ) 

When heated in the atmosphere to a little above 300°, sulphur 
inflames and burns with a peculiar blue light; at a higher temperature 
its vapour kindles with a purple flame; and in oxygen it burns vividly, 
with a large lilac-coloured flame. 


SuLPuuUR AND ()xyGEN.—There are four definite compounds of sulphur 
and oxygen, all of which rank among the acids; namely, 1. Sulphurous 
acid; 2. Sulphuric acid; 3. Hyposulphurous acid; 4. Hyposulphuric 
acid. 


Sutpuurous Acip. (S +20), or S, or SO2, or S. This acid was 
first examined by Stahl, who called it philogisticated sulphuric acid. 
Scheele, in 1774, pointed out a method of obtaining it; and about the 
same time, Priestley procured it in the gaseous form, and ascertained its 
leading propertics. Berthollet examined it in 1782, and 1789 (Mem. 
Paris, 1782, and Ann. de Chim., ii. 54); and in 1797, Foureroy and 
Vauquelin published a detailed series of experiments upon it. (Ann. de 
Chim., xxiv. 229.) Some experiments on it were alsuy published by Dr. 
Thomson in 1803. (NicHotson’s Journal, vi. 93.) Its atomic compo- 
sition was first accurately investigated by Davy, by Gay Lussac, and by 
Berzelius. 

At common temperatures and pressures sulphurous acid is a gaseous 
body, which may be obtained by several processes. it may be procured 
directly, by burning sulphur in oxygen gas; or indirectly, by boiling two 
parts of mercury in three of sulphuric acid; or by heating, in a retort, a 
mixture of equal parts of black oxide of manganese and sulphur. It 
must be collected and preserved over mercury; for water takes up rather 
more than thirty times its bulk of this gas. For all the common purposes 
of experiment it may be collected in dry stopper-bottles, as directed at 
page 366. It is often generated by the action of charcoal, wood, and 
various organic matters upon sulphuric acid, but in those cases it is 
mixed with carbonic acid. These processes generally resolve themselves 
into the deoxidizement of sulphuric acid, for when one atom of oxygen is 
abstracted from that acid, the remaining elements are left in the propor- 
tions constituting sulphurous acid. 

The specific gravity of sulphurous acid gas is 2°22 (2:2105, Turner), 
and 100 cubical inches weigh between 68 and 69 grains. (At 60° and 
30 inches Bar., 68°691 grains. Turner. At 32°, 72°8660 grains. Tuom- 
son.) Its specific gravity compared with hydrogen is as 32 to 1. 

Sulphurous acid is one of the most easily condensible of the gases. 
Monge and Clouet found, that at the freezing point, and under pressure, 
it assumed a liquid form; the experiments of Faraday place the pressure 
required for this purpose at two atmospheres. M. Bussy (Ann. of Phil., 
viii. 307. N. 8.) has shown that this acid may be obtained in the liquid 
form at common atmospheric pressure, by passing it through tubes sur- 
rounded by a freezing mixture of salt and snow. (Farapay’s Manipula- 
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tion, p. 215.) In this state it is a limpid liquid of the sp. gr. of 1-45. 
Tt boils at 14°, and evaporates with such rapidity at common tempera- 
tures as to generate a great degree of cold; by its aid mercury may 
easily be frozen, and it produces cold enough to liquify chlorine, ammonia, 
and cyanogen. It conducts electricity (Kemp). When this liquid sul- 
phurous acid is exposed in a humid state to cold, a crystalline solid is 
formed, containing about 20 per cent. of water (perhaps ] equivalent of 
acid+ 1 of water). A similar compound is often observed to invest the 
bubbles of gas produced by pouring the liquid acid into water. 

When sulphur is burned in pure and perfectly dry oxygen, sulphurous 
acid is produced, without any change in the volume of the gas, so that 
its composition is learned by the increase of weight; and as 100 cubic 
inches of oxygen dissolve between 34 and 35 grains of sulphur, it is 
obvious that sulphurous acid is composed of equal weights of sulphur 
and oxygen; or of 
Berzelius. 
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According to Mitscherlich’s estimate of the specific gravity of sulphur 
vapour, sulphurous acid consists of 100 volumes of oxygen gas, and 16: 
of the vapour of sulphur, condensed into 100 volumes: or one volume of 
oxygen combined with one-sixth of a volume of sulphur vapour constitute 
one volume of sulphurous acid. 

Sulphurous acid gas has a suffocating odour; it is fatal to animal life, 
and extinguishes most combustibles when immersed into it in an ignited 
state: hence it is sometimes resorted to for the purpose of extinguishing 
the burning soot in a chimney, as by throwing a handful of sulphur, in 
such a case, into the fire: it vividly maintains the combustion of 
potassium and sodium. At mean temperature and pressure, recently- 
boiled water takes up about 33 volumes (37, GraHam) of sulphurous acid 
gas; the solution has a sulphurous and somewhat astringent taste, and 
it bleaches many vegetable colours; but, by keeping, it acquires a sour 
flavour, and reddens the generality of vegetable blues. Upon some 
colouring matters, as that of cochineal, it has little action; and when it 
does destroy colour, the original tint may often be restored by a stronger 
acid. Ared rose, for instance, is bleached by dipping into a solution of 
sulphurous acid; but the colour is restored by immersion in dilute sul- 


phuric acid. According to Grotthus, the sulphurous acid and certain 


colouring matters combine into colourless compounds, which are decom- 
posed by more powerful acids. A singular bleaching effect is produced 
upon some flowers by burning a little sulphur, so that the fumes of the 
sulphurous acid may come into contact with their petals: the dark-coloured 
dahlias, and heart’s-ease, may thus be amusingly variegated. Obtained 
by burning sulphur, this acid is much used in bleaching cotton goods 
(Quarterly Journ. of Science, iv. 196), also for whitening silk and wool, 
and altering the colour of hops. | 

When the aqueous solution of sulphurous acid is boiled, the gas 
escapes, but not when it is frozen. Its specific gravity at 60° is 1-05. 
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‘Alcohol dissolves sulphurous acid more copiously than water; one volume 
taking up more than 100 of the gas. 

Pure liquid sulphurous acid (that is, the condensed gas,) suffers no 
decomposition by the voltaic current, but when dissolved in water the 
solution yields oxygen at the anode, and hydrogen and sulphur at the 
cathode. A solution containing sulphuric acid in addition, is a better 
conductor: it gives very little gas at either electrode: that at the anode 
is oxygen, that at the cathode pure hydrogen, and from the cathode arises 
a white turbid stream consisting of diffused sulphur. “TI conclude that 
the sulphurous acid was not affected by the electric current, and that the 
water only was electrically decomposed: that at the anode the oxygen 
from the water converted the sulphurous into sulphurie acid; and at the 
cathode, the hydrogen, electrically evolved, decomposed the sulphurous 
acid, combining with its oxygen, and setting the sulphur free: that the 
sulphur at the negative electrode was only a secondary result.” (Farapay, 
Phil. Trans., 1834, p. 97.) 

Sulphurous acid suffers no change at a red heat; but if mixed with 
hydrogen, and passed through a red-hot tube, water is formed and 
sulphur deposited; under the same circumstances, it is also decomposed 5 
by charcoal, by potassium, and sodium, and probably by several other 
metals. It undergoes no change when mixed with oxygen, unless 
humidity or water be present, in which case a portion of sulphuric acid 

is slowly formed. When mixed with chlorine, and in contact with 
water, sulphurous acid gives rise to sulphuric and hydrochloric acid, but 
the perfectly dry gases have no mutual action. So also iodine and bro- 
mine are without action on sulphurous acid unless water be present, 
when sulphuric acid, and hydriodic and hydrobromic acids are formed. 
The chloric, bromic, and iodic acids are decomposed by sulphurous acid, 
with the evolution of chlorine, bromine, and iodine, and the formation of 
sulphuric acid. When gaseous sulphurous acid is mixed with hydrochlo- 
ric, hydriodic, or hydrobromic acid gases, they mutually decompose each 
other; water, and chloride, iodide and bromide of sulphur, are formed: 
but when these acids are in aqueous solution they then do not decompose 
each other. Peroxide of lead, or of manganese, added to the aqueous 
solution of sulphurous acid, convert it into sulphuric acid, and destroy 
its odour. With moist nitrous acid vapour, or with liquid nitrous acid, it 
forms a peculiar crystalline compound which will be referred to under 
the head Sulphuric Acid. | 

Vapour baths, in which sulphurous acid with or without steam is 

applied to the surface of the body, have of late years been much resorted 
to in the treatment of certain cutaneous complaints, and in rheumatic 
and other painful affections. The arrangements for this purpose em- 
ployed in Paris are described and depicted by Dumas, (Chimie App. aux 
Arts: see also Peruira, Elements of Materia Medica.) 


SuLtpaurous Actip anp AmmoniA. SuLpHrrE or AMMONIA. ($+ 20) 
+(W+ 3h), or § + A.—When sulphurous acid gas is passed into aque- s 
ous solution of ammonia, a sulphite of ammonia is formed, which may ; 
be obtained in prismatic crystals: exposed to air it absorbs oxygen, and 
passes into sulphate of ammonia: heated out of contact of air it yields i 
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water, ammonia, and a sublimate of acid sulphite. Sulphite of ammonia 


is very soluble in water, and produces cold during its solution. 


SULFIMIDE.—The mutual action, of dry sulphurous acid and-ammonia 
has been studied by Rose: when these gases, deprived of humidity, are 
combined, they produce deep yellow crystals, which contain the elements 
of 1 atom of ammonia and 1 atom of sulphurous acid: when there is 
great excess of sulphurous acid gas present, a compound in which equal 


_ volumes are condensed, and which therefore corresponds to a bisulphite 


of ammonia, is obtained; but no basic compound can be obtained by the 
employment of any excess of ammonia. The neutral compound has heen 
chiefly examined by Rose; it is termed by Dumas, Sulfimide. (Chim. 
App. aux Arts, v. 709.) 

Exposed to the air, sulfimide becomes white and deliquesces, and 
gradually passes into sulphate and hyposulphite of ammonia, and although 
to some tests it presents the characters of a sulphite of ammonia, with 
others, and especially with nitrate of silver, it acts as a hyposulphite. 
Dumas considers it as a hydrated amide, having the formula ($+ 0) + 
(n+ 2h) +(h+0): these elements are equivalent to those of an anhy- 
drous sulphite of ammonia; or (7+ 3h) +(S-+ 20). 


Sutpnuric Aci. ($+ 30) or S!, or SOs or S.—This important acid 
was formerly chiefly obtained by the distillation of sulphate of iron, or 
green vitriol, and was, therefore, termed oil of vitriol. It is now almost 
exclusively procured in this country by the combustion of a mixture of 
about eight parts of sulphur and one of nitre. The history of its dis- 
covery has already been adverted to (p. 20). The process of its manu- 
facture is generally conducted nearly as follows: the mixture of sulphur 
and nitre is burned in a furnace, so placed that the resulting fumes may 
pass into a capacious leaden chamber (frequently 100 feet long, 20 to 
30 feet wide, and 10 to 16 feet high), the floor of which is covered with 
water, and into which steam is also generally introduced: in many works 
several of these chambers, or houses, as they are termed, are ranged side 
by side in covered buildings. The following cut will serve to give some 
idea of the internal construction of one of these houses:—a is the furnace 
for the combustion of the sulphur and nitre, the fumes from which pass 
into the chamber and meet with the steam generated in the boiler 6; the 
interior of the chamber is divided into several partitions, cc, by the dia- 
phragms d d, which are alternately open at top and bottom, so that the 
vapours pass in the direction of the darts, and are exposed to a large 
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condensing surface. e is a chimney or ventilator. The water which col- 
lects in the bottom of this chamber gradually becomes more and more 
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~ sour, and is, in fact, a diluted sulphuric acid; when it has thus acquired —_ 
a certain specific gravity it is drawn off into shallow leaden boilers, or 
evaporators, where it is evaporated till it acquires the specific gravity of 
1:70, at which density the acid would begin to act upon the lead, and 
the heat required for its further evaporation would’ endanger the soften- 
ing of the metal; in that degree of concentration, therefore, the acid is 
run off into boilers, or rather into stills of platinum, which are set upon 
cast-iron, and in which the further boiling down of the acid is continued 
until it attains the specific gravity of 1°84; it is then drawn off by a 
syphon into a platinum cistern or cooler, and is thence transferred into 
carboys, or large bottles protected by basket-work, each holding about 
100 pounds of the acid. Before the introduction of platinum vessels for 
this purpose, the latter evaporation was performed in glass retorts, the 
lifting and emptying of which, when containing many pounds of the 
acid, was a very hazardous operation; the price of the acid fell, in conse- 
sequence, from fourpence to about three-halfpence, or less, per pound. 
The manufacture of sulphuric acid is carried on upon a most extensive 
scale in Great Britain; the quantity annually produced, probably not 
falling far short of sixty thousand tons, or about one hundred million of 
pounds, which, at the estimated value of ten shillings per cwt., amounts 
to above 600,000/. 

Although the acid obtained by the above process is commonly called 
sulphuric acid (or oil of vitriol) we shall soon find that it is in fact a 
definite combination of anhydrous sulphuric acid and water, composed of 
1 atom anhydrous acid + 1 atom water, and sometimes therefore called 
a protosulphate of water. 

In the above process, the theory of which will be presently explained, 
the sulphurous acid is in fact converted into sulphuric acid by the agency 
of nitric oxide and water. Several other methods of forming sulphuric 
acid have been suggested, but not hitherto applied on a large scale; 
among them the following deserves particular notice: —“ When a mixture 
of sulphurous acid and air is made to pass over spongy platinum at a 
high temperature, the sulphurous acid is converted into sulphuric acid at 
the expense of the oxygen of the air. Mr. P. Phillips, who first made 
this observation, has founded upon it a method of preparing sulphuric 
acid on the large scale, which although not yet sufficiently tried to esta- 
blish its advantage as a manufacturing process, is still of great interest | 
in a scientific point of view, and deserves consideration. Sulphur is 
burned, or iron pyrites in place of it, and the sulphurous acid produced 
is mixed with an excess of air by a blowing apparatus, and carried 
through a tube filled with the platinum sponge, or balls of fine platinum 
wire. The vapours of sulphuric acid formed which are mixed with the 
nitrogen of the air are condensed in a long and narrow vessel of lead in 
an upright position, filled with pebbles which are kept constantly wet by 
a small stream of water admitted at the top, and which percolates down- 
wards.” (GRAHAM.) | . 

It has long been an object with the manufacturer to obtain sulphuric 
acid without the aid of nitre, and a patent has been obtained for a process 
of this kind by Mr. Hill. It consists in submitting coarsely-powdered 
iron-pyrites (bisulphuret of iron) to a red heat, in cylinders communi- 
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eating with a leaden chamber containing water; part of the sulphur, as 
it burns out of the pyrites, appears at once to pass into the state of sul- 
phuric acid; with the help of nitre the pyrites might perhaps be more 
economically employed. ; 

The great consumers of sulphuric acid are the manufacturers of soda 
from common salt, and of chlorine or chloride of lime for the use of 
bleachers; there are also many chemical products dependent upon it, such 
as citric, tartaric, nitric, and hydrochloric acids; sulphate of soda; and sul- 
phate of magnesia; and others of ;less note; it is also in constant demand 
by dyers, calico-printers, bleachers of various materials, the manufacturers 
of blacking, of soda-water, of various pigments, and by the refiners of 
gold and silver, and the purifiers of oil and tallow. 

Sulphuric acid, as it usually occurs, is a limpid, inodorous, colourless 
fluid, of an oily consistence, and of the specific gravity of about 1°84. 
Dr. Ure observes that he has frequently boiled the pure acid till only one- 
half remained in the retort; yet at the temperature of 60° Fahrenheit, 
has never found the specific gravity of acid, so concentrated, to exceed 
18455. The number 1:850, which has been assigned for the density of 
pure oil of vitriol, is erroneous, and ought to be corrected. Genuine 
commercial acid should never surpass 18455; when it is denser, we may 
infer sophistication, or negligence, in the manufacture. | 

Sulphuric acid boils at a temperature of about 620°, which, therefore, 
approaches a red heat, and distils over without decomposition. The 
density of its vapour was found by Mitscherlich to be 3. The calculated 
density is 2°762. Its boiling-point diminishes with its dilution; when 
of the specific gravity of 1°78 it boils at 435°; and at 350°, when its 
specific gravity is 1:65. (Darron, Chem. Phil., ii. 404.) In illustration 
of its fixedness at all common temperatures, Bellani placed a piece of 
zinc foil in the upper part of a closed bottle, the bottom of which was 
covered with the concentrated acid: the metal retained its bright surface 
at the end of two years. The concentrated acid freezes at — 15°; and at 
the same time contracts considerably in its dimensions: acid of the spe- 
cifie*gravity of 1°78 (which is a definite hydrate) containing ] atom of 
anhydrous sulphuric acid and 2 atoms of water, on the contrary, freezes 
at+40°, but if the density be either increased or diminished, a greater 
cold is required for its congelation. (Macnas, Phil. Trans., vol. Lxxvii., 
and Krtr, Phil. Trans., vol. Lxxviii.) | 

Sulphuric acid is intensely acrid and caustic; it acts speedily upon 
the cuticle, occasioning a biting sensation, and a soapy feel of the part: 
its taste, even when very largely diluted, is extremely sour, and it power- 
fully reddens litmus. It has a strong attraction for water, so that when 
exposed for a short time to air, it absorbs aqueous vapour from the atmo- 
sphere and increases rapidly in bulk; in moist weather three parts increase 


to four in the course of 24 hours, and by longer exposure, a much larger _ 


quantity of water is taken up, so that the acid requires to be preserved 
in well-stopped vessels. It is this property which renders it applicable 
to the drying of certain gases, and to the purposes of evaporation and 
desiccation under the exhausted receiver of the air-pump; and hence the 
cold produced in the experiment described at p. 184. When sulphuric 


acid ig suddenly mixed with water, mutual condensation ensues, much 


2 
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heat, therefore, is evolved (p. 164). Four parts of acid and one of water 
produce, when thus mixed, a temperature = 300°. According to Dr. 
Ure, the greatest heat is evolved by mixing 73 of acid with 27 of water. 
Even a boiling temperature does not prevent sulphuric acid taking up 
moisture from the air: hence it cannot be concentrated so well in an 
open as in a close vessel; on which account retorts of glass, or platinum- 
stills are used for the last stage of its concentration by the manufacturers. 


The mixture of sulphuric acid with ice or snow causes its immediate 


liquifaction, and as this liquifaction, consistently with the theory of 
latent heat, produces cold, while on the other hand the union of the acid 
with the water evolves heat, the resulting temperature of such mixture, 
depends upon the relative proportions of the subtsances mixed. Four 
parts of acid and one of snow, or pounded ice, evolve heat; but four parts 
of snow and one of acid generate cold. 

Sulphuric acid possesses intense chemical powers; it displaces the 
greater number of other acids from their combinations; and, probably in 
consequence of its strong affinity for water, it chars most animal and 
vegetable substances, and acquires a brown tinge from the smallest par- 
ticles of straw, cement, or even dust, that accidentally fall into it: it 
appears capable of dissolving small portions of charcoal, and also of 
sulphur, tellurium, and selenium; these substances give it various tints 
of brown, red, and green, or blue, and are precipitated when the acid is 
diluted with water; but if heat be applied they are oxidized at the 
expense of the acid, and sulphurous acid is evolved. 

When heated with charcoal, sulphuric acid gives rise to the production 
of carbonic and sulphurous acids; with phosphorus it produces phosphoric 
and sulphurous acids; and, with sulphur, sulphurous acid is the only 
product. It is decomposed by several of the metals, which become 
oxidized, and evolve sulphurous acid, as shown in the production of this 
acid, by boiling sulphuric acid with mercury, tin, lead, &e. When metals 
are dissolved in diluted sulphuric acid, the water only is decomposed, and 
its oxygen, being transferred to the metal, forms a metallic oxide, which 
unites to thé sulphuric acid to form a sulphate, whilst the hydrogen is 
evolved in the gaseous form. 

It appears from Mr. Faraday’s experiments (Phil. Trans., 1834, p. 82), 
that sulphuric acid is not electrolysable, and that the anhydrous acid is 


not a conductor. The appearance of sulphur, when the common acid is_ 


subjected to the action of a powerful battery, at the negative pole, is 
referable to a secondary action (p. 314). But the electrolysis of hydrated 
sulphuric acid, and more especially of some of the sulphates, involves 
many interesting points respecting the ultimate constitution of those 
bodies, which we shall again refer to when considering the salts of the 
metals. (Dantetu, Phil. Trans., 1839, p. 89; 1840, p. 209.) 

The presence of sulphuric acid, either free or in any soluble combina- 
tion, is detected by solution of baryta: if, for instance, a solution of 
chloride of barium be added to any liquid containing sulphuric acid or a 
sulphate, a white precipitate falls, which is sulphate of barylta, and is 
characterized by its insolubility in acids and alkalis. 117 parts of 
dry sulphate of baryta are equivalent to 40 of dry sulphuric acid. The 
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soluble salts of lead are also delicate tests of the presence of sulphuric 


_acid: they indicate it by a white precipitate, insoluble in nitric acid. 


In consequence of the great consumption of sulphuric acid, it is highly 
important to the consumer to be able to judge of its value and purity: 
the specific gravity may generally be depended upon as indicative of its 
strength, and we have several valuable tables showing the quantity of 
real or dry sulphuric acid contained in the liquid or diluted acid of various 
specific gravities. 

Mr. Dalton (New System of Chemical Philosophy, vol. ii. p. 404) 
has published a table, exhibiting the specific gravity and boiling-point 
of the acid, of various strengths. Dr. Ure has also given several tables 
relating to this subject, in his Experiments to determine the Law of Pro- 
gression followed in the Density of Sulphuric Acid at different Degrees 
of Dilution. (Quarterly Journal of Science and the, Arts, vol. iv. p. 114.) 
See, also, Urn’s Dictionary, Art. Aci (Sunpnuric). An extremely 
useful table of this kind will also be found in Parkes’ Essays (vol. il. 
p- 444). 

The following is Dr. Ure’s table:— 


9 
8 
7 
6 
5 
4 
3 
2 
1 


AG68 SULPHURIC ACID. 


In ascertaining the specific gravity of sulphuric acid, the temperature 
requires minute attention, because from the small specific heat of the 
acid it is easily affected, and because it greatly influences the density. 
On removing the thermometer from the acid, it speedily rises in the air 
to 75° or 80°, though the temperature of the apartment be only 60°; 
afterwards it slowly falls to 60°. If this thermometer, having its bulb 
covered with a film of dilute acid (from absorbing atmospheric moisture), 
be plunged into a strong acid, it will rise 10° or more, and an elevation 
equal to 10° diminishes the density of oil of vitriol by 0:005; 1000 parts 
being heated from 60° to 212°, become 1043 in volume, and the sp. gr. 
which was 1°848, falls to 1°772, being the number corresponding to a 
dilution of 14 per cent. of water. | 

But it is also necessary to ascertain that the sulphuric acid under 
examination leaves no residue on evaporation. If the acid of commerce 
contain dissolved sulphate of lead, it becomes turbid on dilution, so that 
its remaining clear when mixed with water is some proof of its purity, as 
far at least as lead is concerned. The simplest mode of judging of the 
purity of this acid is to introduce a given weight into a platinum capsule 
and evaporate it; if it leaves more than one per cent. of solid residue, it 
has probably been intentionally sophisticated. It often holds sulphate of 
potassa in solution, 2°5 per cent. of which increases the specific gravity 
of the concentrated acid to 1:860; hence the necessity, where accuracy 
is required, of determining the value of the acid by its saturating power. 
For this purpose, a given weight of the acid is diluted with six or eight 
parts of water, and pure anhydrous carbonate of soda added until the 
solution is exactly neutral (see Alcalimetry). Eyery 54 parts of such 
carbonate of soda required for this purpose, are equivalent to 40 parts of 
the anhydrous acid, or to 49 of the liquid sulphuric acid, or oil of vitriol, 
of the specific gravity of 1:84. 

For some purposes of delicate chemical research, it is necessary to 
purify the acid by distillation, and this operation requires much precau- 


tion, when conducted in a glass retort, in consequence of the violent jerks 


which the production of its vapour occasions, and which often break the 
vessel; this may be prevented by putting some strips of platinum into 
the acid; it then boils quietly, and it is only necessary to take care that 
the neck of the retort and receiver are not broken in consequence of the 


high temperature of the condensing acid. ‘This very useful contrivance’ 


to the practical chemist was shown me many year ago by Sir James 
South. 

Dr. Ure has the following remarks on the distillation of this acid:— 
“T take a plain glass retort, capable of holding from two to four quarts 
of water, and put into it about a pint measure of the sulphuric acid, 
(and a few fragments of glass,) connecting the retort with a large 
globular receiver, by means of a glass tube four feet long, and from one 
to two inches in diameter. ‘The tube fits very loosely at both ends. The 
retort is placed over a charcoal fire, and the flame is made to play gently 
on its bottom. When the acid begins to boil smartly, sudden explosions 
of dense vapour rush forth from time to time, which would infallibly 
break small vessels. Here, however, these expansions are safely per- 
mitted, by the large capacity of the retort and receiver, as well as by 
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the easy communication with the air at both ends of the adopter tube. 
Should the retort, indeed, be exposed to a great intensity of flame, the 
vapour will no doubt be generated with incoercible rapidity, and break 
the apparatus. But this accident can proceed only from gross impru- 
dence. It resenibles, in suddenness, the explosion of gunpowder, and 
illustrates admirably Dr. Black’s observation, that, but for the great 
latent heat of steam, a mass of water, powerfully heated, would explode 
on reaching the boiling temperature. I have ascertained, that the 
specific caloric of the vapour of sulphuric acid is very small, and hence 
the danger to which rash operators may be exposed during its distillation. 
Hence, also, it is unnecessary to surround the receiver with cold water, 
as when alcohol and most other liquids are distilled. Indeed the appli- 
cation of cold to the bottom of the receiver generally causes it, in the 
present operation, to crack. By the above method, I have made the 
concentrated oil of vitriol flow over in a continuous slender stream, 
without the globe becoming sensibly hot.” 

Cases of poisoning by sulphuric acid are not unfrequent; the best 
antidotes are copious draughts of chalk and water, and of carbonate of 
magnesia and water. (ORFILA.) 


Native Surpnuric Acip has been found by Professor Baldassari, in 
the cavities of a small volcanic hill, called Zoccolino, near Sienna. 


Ayuyprous Sutruuric Acty.—When sulphuric acid was procured by 


the distillation of green vitriol, it was frequently observed that a portion 
concreted into a white mass of radiated crystals. The same substance has 


also been remarked as occasionally formed in the acid of the English 
manufacturers. It has been called glacial or fuming sulphuric acid, 
and is considered as the pure, or anhydrous acid. When crystallized 
green vitriol, or protosulphate of iron, is exposed to a dull red heat, it 


crumbles down into a white powder, and loses the greater part of its 


water of crystallization. (See Sulphate of Iron.) In this state it is put 


_ into a coated earthen or green glass retort, and gradually exposed to an 


intense red or even white heat; a dark-coloured acid liquor distils over, 
of a specific gravity of about 1-89, which has been called Nordhausen, or 
German sulphuric acid, which smokes when exposed to air, from the 
escape of the highly volatile dry sulphuric acid, which is united in the 
brown liquid with a portion of hydrated acid. This brown, fuming acid, 


_ ig in request as a ready and perfect solvent of indigo, When it is kept at 
atemperature below 32°, crystals form in it,which according to Mitscher- 


lich are a definite compound of 2 atoms of anhydrous acid and 1 atom 
of water; it is resolved by heat into the common and the anhydrous acid. 

The dry or anhydrous sulphuric acid may be separated from the brown 
or Nordhausen acid, by careful distillation from a retort inip a dry and 
cold receiver; it passes over in drops, which concrete, on cooling, into a 
tenacious crystalline mass. This acid is liquid at a temperature above 
66°; and at 78° its specific gravity, according to Bussy, is 1:97. (Journal 
de Pharmacie, x. 368.) When it has once congealed it is difficult to fuse 
it, because the first portions heated become vapour, and propel the rest 


_ fcrward; by slight pressure, however, this may be prevented. When 


kept in a temperature between 75° and 80° it gradually liquifies. At a 
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temperature somewhat above this, which, however, has not been accu- 
rately determined, it passes into the state of colourless vapour. In the 
absence of all moisture, it has no action upon litmus paper. It dissolves 
sulphur, forming brown, green, or blue compounds, according to the quan- 
tity taken up; when water is added, the sulphur is deposited. It also 
dissolves iodine, forming with it a blue-green solution. Passed through a 
red-hot porcelain tube, anhydrous sulphuric acid is resolved into one 
volume of oxygen and two of sulphurous acid. Caustic lime or baryta 
heated in its vapour, become ignited, and converted into sulphates. The 
attraction of this anhydrous acid for water is such as to produce intense 
heat, and a hissing noise, when small portions of it are thrown into that 
fluid; and if a sufficient quantity of it be added to such a proportion of 
water as is required to convert it into hydrated acid, they combine with 
heat, light, and explosion. 

The liquid acid, from sulphate of iron, yields about one-fourth its 
weight of anhydrous acid by distillation; but if this cannot be procured, 
the anhydrous acid may be obtained, according to Berzelius, by the dis-. 
tillation of such other sulphates as easily part with their acid: those 
sulphates which require a very elevated temperature, are less fit for the 
purpose, because the acid is then apt to be resolved into sulphurous acid 
and oxygen. Bisulphate of soda, or persulphate of iron, may thus be 
employed. The former may be made by mixing in a crucible three parts 
of thoroughly-desiccated sulphate of soda with two of common sulphuric 
acid, and heating them till the ebullition occasioned by the escape 
of water has ceased. The resulting mass is then to be pulverized, trans- 
ferred to a porcelain retort, and distilled at ared heat; the acid which 
passes over may be collected ina receiver cooled by ice: it is generally of 
a dark colour, which appears to arise from dust accidentally present. 


A persulphate of iron, applicable to the same purpose, may be procured — 


by mixing finely-powdered peroxide of iron into a thin paste with com- 
mon sulphuric acid, and gradually heating it (below redness) till they 
combine into a saline mass, which is to be powdered and subjected to 
distillation as before. The acid thus obtained generally contains a little 
water, and if it crystallizes, it forms brittle foliaceous crystals. Carefully 


distilled by a gentle heat, the anhydrous acid passes over, and common 


liquid acid (hydrated) remains in the retort. 


: 


It appears, then, that this extraordinary substance, which is thus — 


volatile and easy of congelation, forms, by combining with water, the 
fixed and difficultly-congealable liquid which we commonly term sulphuric 
acid, or oil of vitriol, and that it contains sulphur and oxygen in the same 
proportions as they exist in the dry sulphates. From its resolution when 
passed through a red-hot tube, into one volume of sulphurous acid and 
half a volume of oxygen, and likewise from the experiments of Berzelius 


upon the direct acidification of sulphur, it appears that anhydrous sul- — 


phuric acid consists of 
Berzelius. 
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ORVREN «on x De ee eee 77 ae tay GD hea es 59°86 


— — eee ee 


cavaes Sa REE 
Anhydrous Sulphuric Acid 1 _ 40 100 _ 100-00 


SULPHURIC ACID. 471 


And the liquid, hydrous, or common sulphuric acid consists of 


Davy and 
Dalton. 
Dry sulphuric acid . . 1 . . 40 . .. 81°63 «4 BL. 
‘Water e : 1 9 18°37 19 
Hydrate of Sulphuric Acid 1 49 100°00 - 100 


The compound of sulphuric acid and water of the specific gravity 


1-78, which has been above alluded to as congealing at 40° remains solid. 


till raised to 45°, and is a definite combination of 1 atom of anhydrous 
acid +- 2 atoms of water; and lastly, the acid of specific gravity 1°632 
appears also to be a definite hydrate containing ] atom of anhydrous acid 
and 3 atoms of water, for it is to this strength that a dilute sulphuric acid 
evaporated in vacuo at 212° is reduced, and it is also in these proportions 
that sulphuric acid and water suffer the greatest diminution of bulk in 
combining. It would appear, therefore, that there are four definite 
hydrates of sulphuric acid; of which the following are the formule, and 
their abbreviations :— | 
Formule. a\bbreviations 
Be OUT CIG se os ek eaie au. (Sb 80) se aoe 5S’ 
Hydrate in the Nordhausen Acid 2($+ 30) + (A+ 0) 28S’ +4 ¢ 
Oil of Vitriol, sp. gr. 1845 . . (S+ 30) 4 (h+0) v4 Uf 
Acid of sp. gr. 1-780 (S+30)4+2(h+0) S’+ 2g 
Acid of sp. gr. 1632. . . . ($4.30) 4 3(h40) 8/4 3 
Mr. Graham, in reference to the composition of the sulphates, 
arranges these formule as follows :— ; 


| Hydrate in the Nordhausen Acid (7+ 25’) | or HO, 280s 
Ou of Vitriol . . . . . (G+ 5S’) HO, SOs 
Acid of sp. gr. 1-780 sor (QE. S) +49 7m “HO, SOS. as 
Acid of sp, gr. 1632. . 2 (G+ 8’)+2 GQ HO, SOs + 2HO. 


THEORY oF THE Propuction or SuLPuvRIC Acip.—Haying stated 
the properties and composition of anhydrous, and common sulphuric acid, 
we may now revert to the theory of its formation in the process of the 
combustion of sulphur and nitre. It was first supposed that the nitre 
merely yielded oxygen directly to the sulphur and so effected its perfect 
acidification; but the small quantity of nitre required, and the production 
of sulphurous and not sulphuric acid, when sulphur is either burned 
alone in pure oxygen gas, or when it is heated with peroxide of manga- 
nese and other substances which readily impart oxygen, seemed to indicate 
some other power possessed by the nitre; that this is the case was proved 
by Clément and Désormes (Ann. de Chim., rix.), and by Davy (Elements 


of Chem. Philos., 276), to whom we owe the following explanation of the _ 


phenomena. : 

The sulphur by burning in contact with atmospheric air forms sulphu- 
rous acid; the nitre is at the same time decomposed, and yields nitrous 
acid. When these vapours (7. e., sulphurous and nitrous acids) are per- 
Sfecily dry, they do not act upon each other, but moisture being present in 

small quantity, they form a white solid, which is instantly decomposed 
by the contact of water; the nitrous acid reverts to the state of nitric oxide, 
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having transferred one additional proportional of oxygen to the sulphurous 
acid, and, with water, producing the sulphuric acid; while the nitric 
oxide, by the action of the air, again affords nitrous acid, which plays the 
same part as before. 


Sulphurous acid consists of And nitrous acid contains 
Sulphur. 


Nitrogen. 
14 


Oxygen. 
16 3 


. Oxygen. 
8 


het6=82 


32+14=46 


Hence every éwo proportionals of sulphurous acid require one of nitrous 
acid, which transfers éwo of oxygen, and passes back into the state of 
nitric oxide, sulphuric acid being, at the same time, produced, _ 

The gases, therefore, before decomposition, may be thus represented :— 


LS STE Wy ae 

Sulphur. ’ 

16 Oxygen. 
Sulphur. 

16 

—eerome 
Two proportionals of One proportional of 
Sulphurous Acid. Nitrous Acid. 


And after decomposition as follows:— 


So A: Ep | 


ulphur. 


16 sale 


Nitrogen. 
14 


' Oxygen. 
Sulphur. . 


16 


SSS 
One proportional of 
Nitric Oxide. 


Two proportionals of 
Sulphuric Acid, 


Or the changes m 


: ay be thus represented more briefly in symbols; namely 
two proportionals 


of sulphurous acid, and one of nitrous acid, 2 (8+ 20) 
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% 
+(. + 40), become two proportionals of sulphuric acid, and one of nitric 
oxide, 2(S+ 30)4+(N+ 20). NB he 
When liquid hyponitrous acid is mixed with sulphuric acid, a crystal- 
lized compound of the two acids is formed, provided the temperature be 
not too high, which, when put into water, evolves nitric oxide gas, and 
is, according to Gay Lussac, analogous to the above-mentioned substance: 


produced by mixing humid sulphurous and nitrous acid gases. (Ann. de 
Chim. et Phys., i. 408.) 


Sunpuuric Act AND Ammonta. SutpHate of AmMonta. Crav- 
BER'S SECRET SAL-AMMONIAC. SULPHATE or Oxipr or AmMoniIuM.— 
This salt may be obtained directly by pouring a few drops of sulphuric 
acid into a bottle of gaseous ammonia; the ammonia is rapidly absorbed, 
and the salt crystallizes on the sides of the jar. It is usually prepared 
by saturating dilute sulphuric acid with carbonate of ammonia, or by 
decomposing hydrochlorate of ammonia by sulphuric acid. It is import: 
ant as a source of hydrochlorate of ammonia, which is obtained by 
sublimation from a mixture of chloride of sodium and sulphate of ammonia : 


_ by this process sulphate of soda is also formed. (See Sodium.) For these 


purposes the ammoniacal liquor of gas-works, produced during the 
destructive distillation of coal, and the impure carbonates of ammonia 
formed by the distillation of bones and other refuse animal matters, 
are saturated by sulphuric acid, and the resulting sulphate of ammonia 
purified by crystallization. 

Sulphate of ammonia, in its driest state, includes one proportional of 
water. In its common form of six-sided prismatic crystals, it contains, 
according to Berzelius, two proportionals of water, being composed of 


Berzelius. 
Ammonia iste. a3 ~ IT it» 227 | « 206 
each BO db. BSS, as ye abet 
Water . eu at ha hr NY. i eR 
Crystallized sulphate) 45 100°0 100-0 
ofammonia .. 


It is soluble in two parts of water at 60° and in one at 212°. Tt 
taste is bitter and pungent. When heated, it melts and in part sublimes, 
ammonia i8 given off, and a bi-sulphate remains containing 2 proportionals 
of acid +1 of ammonia: at a higher temperature, nitrogen and water are 
given out, and sulphite of ammonia (or probably sulfimide) is formed. 

To assimilate the composition of this salt with the other sulphates, 


' it is assumed to bea sulphate of oxide of ammonium; it cannot exist 


without the atom of water belonging to the sulphuric acid, and is not 
formed, as we shall presently find, by the mutual action of ammonia and 
anhydrous sulphuric acid: upon this (hypothetical) view therefore of ‘its 
constitution, ammonia becomes converted into ammonium by uniting to 
the hydrogen of the water in the acid, and the oxygen of this water con- 
verts the ammonium (7 +4h) into oxide of ammonium (+4 h) +0, 
and this, combined with the anhydrous sulphuric acid forms a sulphate 
of oxide of ammonium: it is evident that the elements of this hypothe- 
tical anhydrous sulphate of oxide of ammonium are equivalent to those 
of the hydrated sulphate of ammonia; for 
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6 
Sulphate of Oxide of Ammonium. Hydratéd Sulphate of Ammonia. 


(n+4h+0+38’) = (n+3h+s’)+(h+0) 


Anuyprous Sutpuuric Acip AND Ammonia. SULFAMIDE. —The prin- 
cipal evidence in favour of the above view of the constitution of the 
sulphate of ammonia is derived from the action of anhydrous sulphuric 
acid on ammonia. By conducting dry gaseous ammonia into a glass 
vessel coated with a thin film of anhydrous sulphuric acid, Rose ob- 
tained a crystallized compound, differing in form from sulphate of ammo- 
nia, and in which neither sulphuric acid nor ammonia are evident to the 
usual tests, although their elements must manifestly be included in the 
compound: it seems probable, therefore, that it may be an amide (a hy- 
drated sulfamide) for the elements 


Anhydrous Sulphate of Ammonia. Sulfamide and Water. 
— a, EET 
(N+3sh)4+(s+s0) = (m42h)4+(s4+20)+(h+0) 


But the electrolytic decomposition of a solution of sulphate of ammonia, 
the phenomena of which have been described by Daniell (Phil. Trans., 
1839, p. 111), furnishes another view of the constitution of this and other 
sulphates, which on many accounts is extremely interesting and important 
in its theoretical bearings. Mr. Daniell found that hydrated sulphate of 
ammonia = (2+3/)) +(S+30)+ (A+ 0) is resolved by electrolysis into 
J equivalent of sulphur and 4 of oxygen, given off at the anelectrode, and 
into 1 equivalent of nitrogen and 4 equivalents of hydrogen, given off at 
the cathelectrode; so that its electrolytic formula would be (n+4h)+ 
(S+-40); thus representing it, not as a sulphate of oxide of ammonium, 
but as a compound of ammonium (+4/2) with a peculiar anion com- 
posed of 1 equivalent of sulphur and 4 of oxygen (§+40). Such an 
anion Mr. Daniell provisionally designates oxysulphion; and hence, the 
common sulphate of ammonia he terms oxysulphion of ammonium. 


Native SULPHATE or AMMONIA is sometimes found in volcanic pro- 
ducts; it occurs in stalactitic concretions of a whitish or yellowish colour, 
and covered with a white efflorescence: it has thus been procured from 
fissures in the earth surrounding certain small lakes in Tuscany, near 
Sienna; and among the products of Etna and Vesuvius; it has been 
termed by Karsten, Mascagnine, from the name Of its discoverer. 


Hyposutpnvrous Actp. (2$+20) or S\ or S02+5S.—The existence — 


of an acid compound of sulphur and oxygen, containing one atom of 
sulphur and one of oxygen (164+8=24), was first inferred by Dr. Thom- 
son, in 1817, and the salts containing such a combination were originally 
described by Gay Lussac (Ann. de Chim., uxxxv.), under the name of 
sulphuretted sulphiles. Higgins (Comparative View, p. 49) and Ber- 
thollet had previously found that iron and zinc might be dissolved in 
aqueous sulphurous acid, without any evolution of hydrogen gas, and 
that they formed peculiar colourless crystallizable salts, which, acted upon 
by certain other acids, evolved sulphurous acid and sulphur. By exposing 
sulphuret of sodium in solution to the air, Vauquelin obtained an 
analogous compound of soda. Thomson first suggested the existence of 
a peculiar acid composed of sulphur with a minimum of oxygen, in these 


——— 
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‘compounds, in 1817 (Syst. of Chem.), and they were afterwards examined 


with much precision and ability by Herschel. (Edin. Phil. Jour., i.) 
This acid has not been examined ina separate state, though Berzelius 
has suggested the probability of its existence in some of those peculiar 
coloured compounds of anhydrous sulphuric acid and sulphur, which 
have been above adverted to. When we attempt to decompose its com- 
pounds in the humid way, sulphurous acid escapes, and sulphur is pre- 
cipitated. By adding slight excess of sulphuric acid to a dilute solution 
of hyposulphite of strontia, Sir John Herschel succeeded in separating 
the acid, but it very soon began to undergo spontaneous decomposition, 
and was immediately resolved into sulphurous acid and sulphur by heat. 

Hyposulphurous acid is formed when sulphites are digested in close 
vessels with sulphur; or when solutions of the sulphurets of the alkaline 
bases are exposed to the air till they become colourless: it is also pro- 
duced by the action of zinc or iron-filings upon the solution of sulphurous 
acid in water, and from these salts it may be transferred to several other 
bases. In the first case, the oxygen of the sulphurous acid divides itself 
between the original and the newly-added sulphur. In the latter, the 
zine or iron combines with half the oxygen of the sulphurous acid; and 
the other half, remaining in combination with the sulphur, forms the 
new acid. 

It has been shown by Rose (Poacrnporrr’s Annalen, xxi.), that 
although the ratio of the sulphur to the oxygen, in this acid, is as 16 to 
8, its equivalent, or combining proportion, is not 24, but 48, hence it 
must be considered as a compound of 
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Hyposulphurous acid 1 48 100:00 1 48  100°00 


The hyposulphites are mostly soluble and of a bitter taste: the solu- 
tions of the alkaline hyposulphites occasion black precipitates in the 
nitrates of silver and mercury, which are sulphurets: the hyposulphites 
of lead and of baryta are thrown down in the form of white insoluble 
powders: the neutral hyposulphites dissolve recently-precipitated chloride 
of silyer, and form with it a compound of a very sweet taste. 


| Hyposutpuuric Acip (25+50) or 8’ or 8205, was discovered in 
1819 by Gay Lussac and Welther. It was accidentally formed in an 
attempt to analyze oxide of manganese by the employment of sulphurous 
acid, when a peculiar salt was formed, which did not precipitate baryta. 
This salt was afterwards found to contain a distinct acid of sulphur, to 
which Gay Lussac gaye the above name. (Ann. de Chim. et Phys., x.) 
It is obtained by passing a current of sulphuorus acid through a cold 
mixture of finely-powdered and pure peroxide of manganese and water. 
A solution is obtained, which is filtered and thoroughly agitated and 


digested with hydrated baryta, which must be added in small excess. ‘The 


sulphuric acid and the greater part of the oxide of manganese are thus 
precipitated. The solution is again filtered and evaporated till it crys- 


tallizes, and the crystals of hyposulphate of baryta are a second time 


dissolyed and obtained by evaporation, in order to procure them free from 
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Manganese; they are then dried, powdered, weighed, and dissolved in 
water; and to every hundred parts of the dissolved salt, 18°78 parts of 
sulphuric acid, of the specific gravity of 1:84, diluted with four parts of 
water, are added. The baryta is thus thrown down in the state of 
sulphate, and the new acid remains in solution. Having been filtered, 
it is to be concentrated by exposure under the exhausted receiver of the 
air-pump, including a vessel of sulphuric acid, till it acquires the density 
of 1-347. If its exposure and evaporation be continued beyond this 
point, itis resolved into sulphuric and sulphurous acids. A temperature of 
212° effects the same change in its composition. It is inodorous, sour, and 
reddens vegetable blues. Ithas not been obtained in an anhydrous state. 

Neither oxygen, nor chlorine, nor nitric acid, nor peroxide of man- 
ganese, affect the composition of hyposulphuric acid at common tempera- 
tures; it dissolves zinc with the evolution of hydrogen, and hyposulphate 
of zinc results. It saturates the salifiable bases; and with lime, baryta, 
strontia, and protoxide of lead, it forms soluble compounds; whereas those 
formed by these bases with the sulphuric acid, are difficultly soluble or 
insoluble. Its salts, however, are not permanent ‘at high temperatures, 
but when heated they are resolved into sulphates, with the escape of 
sulphurous acid; notwithstanding this, they remain neutral, though the 
quantity of sulphurous acid which escapes is such as would itself have 
saturated the base. ‘The elements of this acid are in the relative propor- 
tions of 1 atom of sulphur and 2°5 oxygen, but its equivalent is not 36, 
but 72, hence it is constituted of 
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Hyposulphuric acid 1 72 100-00 1 
SULPHUR AND CHLORINE. CHLORIDE or SuLPHUR. ($+(C) or 8 Cl.— 
This compound was first described by Dr. Thomson, in 1804 (NicHotson’s 
Journal, vol. viii.); and afterwards more fully examined by Berthollet, 


junior. (Mém.d’ Arcueil, t.i.) The chlorides of sulphur have also been 
examined by Rose (PoccEnp. Ann., xxi., 431), and by Dumas (Ann. de 


Chim. et Phys., xuix. 205).| When sulphur is heated in excess of dry 


chlorine, it absorbs rather more than twice its weight of that gas. Ten 
grains of sulphur absorb 30 cubic inches of chlorine, and produce a liquid 
of a greenish-yellow, by transmitted light, but orange-red by reflected 
light. (Davy, Elements, p. 280.) The combination also takes place at 
common temperatures, and may be effected by passing excess of chlorine 
through a tube containing powdered sulphur. Chloride of sulphur ex- 
hales suffocating and irritating fumes when exposed to the air. Its spe- 
cific gravity is 1:6: it is volatile below 200°. It boils at 280°, yielding 
vapour of the density of 4°70. It does not affect dry vegetable blues; 
but when water is present, it instantly reddens them, sulphur is deposited, 
and sulphurous, sulphuric, and hydrochloric acids are formed, in conse- 
quence of a decomposition of. the water. It dissolves sulphur and phos- 
phorus, and decomposes ammonia, according to Grouvelle, but according 
to Thomson it combines with ammonia, forming a purple or yellow com- 
pound. It also decomposes alcohol and ether: it is decomposed by 
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mercury, heat being evolved, sulphur deposited, and chloride of mercury 
formed. A fragment of potassium dropped into it presently burns and 
explodes. It absorbs phosgene gas. According to Davy, although this 
compound readily dissolves sulphur, it is incapable of absorbing chlorine. 
From the analysis of Davy and Dumas it consists of 


Dumas. 
Sulphur rey 1 et 16 ei a 31:4 
Chlorine “ah 1 aes 36 aia 68°6 
Chloride of Sulphur 1 52 1000 


\ 

DicHiLoriwe oF Sutenur. Bisunpuurer or Cuiorine. SuBCHLORIDE 

oF SunpHuR (2$+C) or S2Cl.—When the preceding liquid is saturated 
with sulphur, it deposits a portion, often in crystals, but retains, according 
to Bucholz, one additional proportional of sulphur, forming a yellow- 
brown liquid of the specific gravity of 1°700 and possessed of the general 
properties of the preceding. I have obtained beautiful tetraédral crystals 
of sulphur from this liquid, and their deposition is remarkably influenced 
by light; it appears gradually to deposit the whole of its excess of sulphur. 
According to Rose (Poacrenporrr, Ann., xxi.,) this is the only chloride of 
sulphur, and the preceding compound analyzed by Davy and Dumas is a 
solution of chlorine in the dichloride. It consists of 


Rose. 
Sulphur ae 2 ne 32 ers 47°06 
Chlorine . . 1 ign 36 re 52°94 
_ Dichloride of Sulphur 1 68 100: 


' 


Sutpnur anp Topinr., Jopmer or Surpuur. ($ +0.)—Sulphur and 
iodine readily unite by a gentle heat, and form a black crystallizable 
compound, first described by Gay Lussac. (Ann. de Chim., xct.) It is 
decomposed by a degree of heat a little exceeding that required for its 
formation, and, when boiled in water, the iodine goes off with the steam, 
and sulphur remains. It is probably a compound of one proportional of 
each of its components, 


| Surpnur anp Bromine, Bromipr or Suzruvr. ($+6.)—When 
bromine is digested with sulphur, a red liquid compound results, which 
emits fumes when exposed to air, and has little action upon dry litmus 
paper, but powerfully reddens it when moist. It dissolves both bromine 
and sulphur. It is slowly acted on by cold water, but at 212° the action 
is violent, sulphuretted hydrogen is evolyed, and hydrobromic and sul- 
phuric acids are formed, Chlorine decomposes the bromide of sulphur, 
and chloride of sulphur is formed, with the evolution of bromine. The 
composition of this bromide has not been determined. 


SuLPHUR AND FiuortnE.—Davy obtained a fuming liquid, Fluoride 
of Sulphur, by distilling a mixture of sulphur and fluoride of lead. 


Sutpnur AND Hyprocren. SuLPHURETTED Hyprocrn Gas. Hypro- 
Tuionic Acip. Hyprosutpnuric Acip. Sutrnypric Acrp. (h +S) or 
hs’, or HS.—This compound of sulphur and hydrogen was discovered by 
Scheele in 1777. When sulphur is heated or sublimed in hydrogen gas, 
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or when the gas is passed through melted sulphur, a small portion of 
sulphuretted hydrogen is slowly formed, but the action is very imperfect. 
The gas is readily obtained when sulphur is presented to nascent hydro- 
gen, which is the case when proto-sulphuret of iron is acted upon by 
dilute sulphuric acid, or when one part of bruised sulphuret of antimony 
is heated with four of hydrochloric acid; or one part of pulverized 
sulphur and two of iron-filings may. be made into a thin paste with water, 
and heated in a flask till the mixture blackens, after which, the addition 
of sulphuric acid diluted with four times its bulk of water, causes an 
abundant evolution of sulphuretted hydrogen. (Ann. de Chim. et Phys., 
vii. 314.) In the case of the evolution of sulphuretted hydrogen by the 
action of sulphuric acid and water upon the proto-sulphuret of iron, 
water is decomposed, its hydrogen combines with the sulphur of the sul- 
phuret to form sulphuretted hydrogen, and its oxygen converts the iron into 
protoxide, which, combining with the sulphuric acid, forms proto-sulphate 
of iron. When sesqui-sulphuret of antimony and hydrochloric acid are 
employed, sesqui-chloride of antimony is formed, and the hydrogen of the 
acid unites to the sulphur of the sulphuret to form sulphuretted hydrogen. 
These reactions are expressed in the following equations : 


Protosulphuret of Iron. Water. Sulphuric Acid. Sulphuretted Hydrogen and Protosulphate of Iron. 


(fe +8) + (A40)4+(S+4 30) = (h4+5) and (fe+0)4+(S+ 30) 


2 atoms Sesqui-sulphuret 3 atoms of 3 atoms Sulphuretted 2 atoms Sesqui- 
of Antimony. Hydrochloric Acid. Hydrogen. chloride of Antimony. 
2(ant. +14 $) 3(A+C) = 3(h+s) 2(ant. +13) 


Dumas recommends sulphuret of calcium, or the double sulphuret of 
sodium, and iron obtained by fusing powdered pyrites with half its weight 
of dry carbonate of soda at a red heat, as sources of sulphuretted hydro- 


gen when its rapid evolution is required; these sulphurets are to be acted _ 


on by hydrochloric acid. 

Sulphuretted hydrogen is gaseous at common temperatures and pres- 
sures. Under a pressure of about 17 atmospheres at 50°, it assumes the 
liquid form: it is then limpid, and apparently possessed of a refractive 
power exceeding that of water; its specific gravity is about 0-9 It does 
not congeal when cooled down to 0. When a tube containing it was 
opened under water, it instantly and violently rushed forth under the form 
of gas. (Harapay, Phil. Trans., 1823, p. 92.) 

Sulphuretted hydrogen gas may be collected over water, though, by 
agitation, that fluid absorbs nearly thrice its bulk. It has a peculiarly 


nauseous ‘fetid odour, resembling that of rotten eggs, and so diffusible 


that a single cubic inch escaping into the atmosphere of a large room, is 
soon everywhere perceptible by its smell. 100 cubic inches weigh between 
36 and 37 grains. Its specific gravity compared with air is as 1:17 to 1; 
and compared with hydrogen, as 17 to]. According to Thomson its 
specific gravity is 1:1805; and 100 cubic inches, reduced to the tempera- 
ture of 32°, weigh 38°6196 grains. Dumas gives its specific gravity 
as = 11912. It is inflammable, and during its slow combustion, sulphur 
is deposited, and water and sulphurous acid formed. It extinguishes the 
flame of a taper. When respired, it proves fatal; and it is very delete- 
rious, even though largely diluted with atmospheric air. According to 


ove 
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the statement of Dupuytren and Thenard, a small bird died immediately 
in air containing only one 1500th of sulphuretted hydrogen; one 800th 
killed a middle-sized dog; and a horse perished in an atmosphere con- 
taining one 150th. Nausea, vertigo, headach, and a peculiar faintness, 
are common consequences when an atmosphere even slightly contaminated 
by sulphuretted hydrogen is breathed for any length of time, and as its 
escape in the laboratory cannot always be prevented, its effects may be 
counteracted by the diffusion of a little chlorine, or by sprinkling the room 
with an aqueous solution of chlorine. It exists in some mineral waters, 
and is found in foul sewers and in putrid eggs. 

The aqueous solution of sulphuretted hydrogen is transparent and 
colourless when recently prepared, but it gradually becomes opalescent, 
and if exposed to air it deposits sulphur, and the greater part of the gas 
escapes. The whole of the gas is evolved by heat. It is an exceedingly 
delicate test of the presence of most of the metals, with which it forms 
coloured precipitates. One measure of sulphuretted hydrogen mixed with 
20000 measures of hydrogen, carburetted hydrogen, or atmospheric air, 
produces a sensible discoloration of white lead or of oxide of bismuth, 
mixed with water, and spread upon a piece of card. In this way we 
may ascertain the presence, in coal-gas, of extremely small quantities of 
sulphuretted hydrogen; and may even form an estimate of its proportion, 
when too minute to be otherwise measured, by comparing the shade of 
colour with a series prepared for the purpose, by exposing slips of 
card covered with white lead and water to mixtures of sulphuretted 
hydrogen and common air, in known proportions. (Henry, Elements 
of Chemistry.) 

Sulphuretted hydrogen slightly reddens infusion of litmus, and moist 
litmus paper; it is generally classed among the hydracids, and does not, 
therefore, unite directly with the basic oxides, a metallic sulphuret and 
water being, as it is presumed, the result of their mutual reaction; it 
combines with certain sulphurets (basic sulphurets) and forms a class of 


' sulphur salts; compounds, according to Graham, strictly analogous to the 


hydrated oxides, if we substitute sulphur for oxygen. — . 

. When one volume of sulphuretted hydrogen is detonated with half a 
volume of oxygen, water is formed and sulphur precipitated; the whole 
of the mixed gases being condensed: but when a yolume of sulphuretted 
hydrogen, and a volume and a half of oxygen are inflamed in a detonating 
tube, one volume of sulphurous acid is produced, and water is formed. 
Thus the sulphur is transferred to one volume of the oxygen, and the 
hydrogen to the half volume. Sulphuretted hydrogen may also be 
decomposed by the Voltaic flame, in the apparatus shown in fig. 219, or 
by a succession of electric sparks, Its volume is unchanged, but the 
sulphur is thrown down. This gas, therefore, consists of 

Berzelius. Vols. 100 C.T. 
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Sulphuretted Hydrogen 1 17. 1000 ~——: 100-000 1:00 36°4 


Spongy platinum does not effect the combustion of a mixture of sul- 
phuretted hydrogen and oxygen unless free hydrogen he also present. 
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Chlorine, iodine, and bromine, instantly decompose sulphuretted hydro- 
gen; when they are not in excess sulphur is deposited, and hydrochloric, 
hydriodic, and hydrobromic acids are formed. Nitric acid poured into 
the gas occasions a deposition of sulphur, and nitrous acid and water are 
formed, with considerable elevation of temperature, and occasionally 
flame. ‘The aqueous solution of the gas is also decomposed by these re- 
agents. Hence the method of preparing hydriodic and hydrobromic acids by 
passing sulphuretted hydrogen through water in which iodine or bromine 
is diffused, as already noticed. When sulphuretted hydrogen is mixed 
with its volume of nitric oxide over mercury, a diminution of bulk ensues, 
in consequence of the production of water; sulphur is deposited, and 
nitrous oxide remains in the vessel. When two volumes of sulphuretted 
hydrogen are mixed in an exhausted balloon with one of sulphurous acid, 
they mutually decompose each other, occasioning the production of water, 
and the deposition of sulphur; if the gases be perfectly dry, the action is 
slow. According to Thomson, the deposited matter isnot sulphur, but a 
compound of sulphur, oxygen, and hydrogen, which he calls hydrosulphur- 
ous acid. (Ann. of Phil., xii. 441.) Sulphuric acid also decomposes sul- 
phuretted hydrogen; the results are water, sulphurous acid, and sulphur. 

When potassium or sodium are heated in sulphuretted hydrogen, 
sulphurets of those metals are formed with vivid combustion, and pure 
hydrogen is liberated. When tin or lead are fused in the gas, they also 
decompose it, and absorb the sulphur, leaving a volume of hydrogen 
equal to that of the original gas. Passed over metallic oxides, water and 
metallic sulphurets are the results. The different oxides effect this 
decomposition at very different temperatures. , 


SuLPHURETTED HypRoGEN AnD AMMONIA. FH YDROSULPHURET OF ~ 
Ammonis. Hyprosutpnate or AmMMoNIA, SULPHURET oF AMMONIUM. 
Boyrie’s Fumine Liquor. Berauin’s SULPHURETTED SPIRIT. (Sth)+ 
(N+ 3h), or (As! + A).—When ammonia and sulphuretted hydrogen 
gas are mixed, white fumes at first appear, which become yellow, and a 
yellow crystallized compound results. If this be obtained by the con- 
densation of 1 volume of sulphuretted hydrogen and 2 of ammonia, it 
may be considered as consisting of 1 proportional of each of its compo- 
nents. The best way of combining the gases is to suffer them, previously 
dried, to pass by separate tubes to the bottom of a flask or bottleimmersed ~ 
in ice; the access of air should be prevented, and the escape of any un- 
condensed gas provided for by a safety-tube: the crystals thus, produced 
are extremely volatile and deliquescent. When a current of sulphuretted 
hydrogen gas is passed through an aqueous solution of ammonia, a solution 
of hydrosulphate of ammonia is also formed. 

A compound of sulphuretted hydrogen and ammonia, with excess of sul- 
phur, and holding ammonia in solution, is obtained by distilling a mixture of 
about four parts of slaked quicklime, two of hydrochlorate of ammonia,and 
one of sulphur. The following is the disposition of the apparatus for this 
experiment: (see fig. 250) a isa small furnace; 4, a tubulated earthen 
retort containing the above materials; c, an adapting tube; d, a glass 
balloon for condensing the vapour; e, a receiver; f, a bottle of water, 
into which the glass tube, issuing from the upper part of the balloon d, 4 
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is made to dip about half-an inch. The product in the receiver e, may 
be mixed with the water in f, and the whole used for washing out the 
balloon d. In its concentrated state, this compound exhales white 
fumes, and was formerly called Boyle’s Suming liquor. It is a’ deep- 
yellow liquid, smelling like a mixture of sulphuretted hydrogen and 


Wh 
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ammonia. When kept in common white glass vessels, it renders them 
brown or black, in consequence of its action on the oxide of lead which 
the glass contains. It readily dissolves sulphur. According to Gay 
Lussac, no ammonia is decomposed in the above operation, but the sul- 
phuretted hydrogen is formed by the union of sulphur with the hydrogen 
of the hydrochloric acid: the residue in the retort, consisting of sulphate 
of lime and chloride and sulphuret of calcium, is formed by the union of 
sulphur with part of the oxygen of the lime to produce sulphate of lime, 
the evolved calcium being divided between the chlorine and sulphur. 
Hydrosulphate of ammonia is occasionally used as a test or re-agent. It 
has been used medicinally as an emetic; and in the dose of from 5 to 8 
drops, in the treatment of diabetes. | 

The neutral hydrosulphate of ammonia resulting from the condensa- 
tion of 2 volumes of ammonia by 1 volume of sulphuretted hydrogen is a 
compound of : : 


POND 50's e4 bi ok te ay eli he te DO 
Sulphuretted hydrogen: . 1 ..: 17 . . 50 
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—, 


Hydrosulphate of ammonia 34 100 


The elements, therefore, which constitute this salt are (72+ sh)+ 
(s+h), and these, upon the ammonium theory, are equivalent to 
(2+ 4h)+5S, which represents it as a sulphuret of ammonium. 


BisuLPHURET oF HyprRogrmn. SuPERSULPHURETTED TlypRoGEN. 
ehh-i- 28), or HS2.-—This is a yellow liquid, first described by Berthollet, 
(Ann. de Chim., xxv.,) formed by dropping a strong solution of bisulphu- 
ret of potassium into dilute hydrochloric acid (see Sulphurets of Potas- 
stum). If the acid be dropped into the sulphuretted solution, sulphuret- 
ted hydrogen escapes, and sulphur is precipitated; but proceeding as 
above directed, the greater part of the sulphur remains united to the 
_ hydrogen, and a peculiar yellow liquid is the result. The success of the 
21 
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experiment depends much upon the state of concentration of the alkaline 
solution, which should neither be too strong nor too dilute, and should 
be slightly warm, and stirred during the mixture. 

Bisulphuret of hydrogen may also be obtained by boiling equal parts 
of lime and flowers of sulphur, in five or six parts of water, for about half 
an hour; when cold, the supernatant brown liquor (containing hydro- 
sulphuret of lime, with excess of sulphur) is to be poured off, and gradu- 
ally added to hydrochloric acid, either of its usual strength, or diluted 
with its bulk of water, taking care to have excess of acid, and to stir the 
mixture after each addition. Under these circumstances some sulphur 
is precipitated, and the sulphuretted hydrogen is not evolved, but unites 
to an additional proportion of sulphur to form the bisulphuret, which 
gradually subsides in the form of a yellow viscid fluid, which may be 
kept for some days in the acid liquor, or in dilute hydrochloric acid. 
Its specific gravity is about 1:7. It is often involved in a coating of 
sulphur, from which it may be squeezed out by gentle pressure with a 
glass rod. In water it is slowly resolved into sulphur and sulphuretted 
hydrogen, and more rapidly by alkaline solutions. At 212° it is rapidly 
decomposed. Oxide of gold or silver is immediately reduced by it with 
slight explosion and incandescence. Other substances, such as silica, 
and the alkaline earths, decompose it, without themselves suffering 
change; in this, and its property of bleaching, Thenard (Ann. de Chim. 
et Phys., xuviii. 79,) suggests an analogy between it and peroxide of 
hydrogen. It has sometimes been regarded as an acid, and hence termed 
hydropersulphuric acid: its elements are 
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Bisulphuret of hydrogen 33 100 


Sutpuur anp Nirrocen do not form any definite compound, though 
the nitrogen evolved during the decomposition of certain animal sub- 
stances often seems to contain sulphur. It is possible also, that the 

purple compound obtained by the action of ammonia on chloride of 
- sulphur, may contain a sulphuret of nitrogen. 


§ IX. PHOSPHORUS. 


” 


Tus remarkable substance was discovered in 1669 by Brandt, a 
merchant of Hamburg; he obtained it whilst attempting to extract from 
human urine a liquid capable of converting silver into gold. (HomBrre, 
Mém. Par., x. 84.) Kunckel, an eminent German chemist, aware of 
the source whence it was obtained, imparted the secret to Kraft of 
Dresden, who repaired to Hamburg to learn the details of the process, 
for which he paid Brandt two hundred dollars; but in the mean time 
Kunckel prepared and exhibited it, and was therefore considered as one 
of its discoverers. In ]680 an account of it was published in the Phil. 
Trans., and it became known under the name of English Phosphorus, in 
consequence of the large quantities of it prepared in London, under the 
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direction of the celebrated Boyle, by Brae aa, 
his assistant, Godfrey Hankwitz*. . 
In 1737 the process for its prepara- 
tion was sold bya stranger to the 
French government, an account 
of which was published by Hellot, 
(Mém. de VAcad., 1737.) It was 
tedious and disgusting: from five 
_(muids) hogsheads of urine 38 pounds 
of residue were obtained by evapora- 
tion, and this, by four distillations, 
yielded at most 4 ounces of phospho- 
rus. The process was improved by 
Margraff, Gahn, and Scheele, and af- 
terwards by Fourcroy and Vauquelin. 

Phosphorus, so termed from its 
property of shining in the dark, (from 
dos light, and depecy to bear,) may . 
be obtained on the small scale, by 
distilling phosphoric acid, previously 
_fused with one-fourth its weight of 
powdered charcoal, at a red heat. This mixture is pulverized and. put 
into the coated green-glass or stoneware retort a (fig. 251), placed in the 
furnace 6; the tube of the retort should be immersed about half an inch 
into the basin of water, c. A great quantity of gas escapes, some of 
which is spontaneously inflammable, and when the retort has obtained a 
bright red heat, a substance looking like wax, of a reddish colour, begins 
to pass over. This, which is impure phosphorus, may be rendered pure 
by melting it under warm water, and squeezing it through a piece of fine 
shamoy leather; but great care must be taken that none adheres to the 
nails or fingers, as it would inflame on taking them out of the water, 
and produce a painful and troublesome burn. In performing this distil- 
lation, a high temperature is required, so that the furnace should be 
sufficiently capacious to hold a body of charcoal piled’ up above the 
the retort, which, especially if of earthenware, (which becomes perme- 
able to the vapour of phosphorus, at a red heat,) must be coated with a 
mixture of slaked lime and solution of borax; this mixture may be laid 
on with a brush, in two or three successive coats, and forms an excellent 
vitrifiable lute. ise, 

Phosphorus may also be obtained by adding solution of nitrate of lead 
or nitrate of mercury to urine, collecting, washing, and drying the pre- 
cipitate, and distilling it, as above, with a fourth its weight of powdered 
charcoal. These precipitates are impure phosphates of lead and mercury; 
the latter is the easiest of decomposition. 

Upon the large scale, phosphorus is most economically obtained from 


_ * The founder of the Chemical Esta- | customers on taking leave of them to sell 
blishment, long known as “ Godfrey’s,” | phosphorus abroad: he is surrounded 
in Southampton Street, Covent Garden. | with the apparatus used in preparing it. 
T have a print of this Chemist, by Ver- | Boyle described the process in a little 
due, which, it is said, he presented to his | work, entitled Adrial Noctiluca. 
212 


o 


484 PHOSPHORUS. 


the impure superphosphate of lime, procured by acting upon powdered 
bone earth by sulphuric acid. The following is the mode of proceeding: 

On twenty pounds of calcined bone, finely powdered, pour twenty 
quarts of water, and eight pounds of sulphuric acid, diluted with an 
equal weight of water. Let these materials be stirred together, and 
simmered for about six hours. Let the whole be then put into a conical 
bag of linen to separate the clear liquor, and wash the residuum till the 
water ceases to taste acid. Evaporate the strained liquor, and when 
reduced to about half its bulk, let it cool. A white sediment will form, 
which must be allowed to subside; the clear solution must be decanted, 
and boiled to dryness in a glass vessel. A white mass will remain, 
which may be fused ina platinum crucible, and poured out into a clean 
copper dish. A transparent substance is thus obtained, consisting of 
phosphoric acid, with phosphate, and a little sulphate of lime, commonly 
known under the name of glass of phosphorus. It yields phosphorus 
when distilled at a bright red heat with charcoal, in the way above 
described; but when any quantity of phosphorus is to be collected, the 
retort should be very well and carefully luted, and should have a wide 
neck terminating in a copper tube, so bent as to dip perpendicularly into 
a bottle of water, otherwise it will be apt to become plugged up by con- 
gealed phosphorus. The phosphorus is generally sufficiently purified by 
fusing it in hot water, and when cold, cutting it into small pieces, which 
are put with water into a slightly conical glass tube, and fused by 
immersion in hot water: on cooling, the phosphorus is withdrawn in the 
form of a stick. If the phosphorus is much discoloured, it may 
be cleansed by fusing it first in warm caustic ammonia, and then in 
alcohol. 

“Wohler recommends instead of the preceding process, to calcine ivory 
black (which is a mixture of phosphate of lime and charcoal), with fine 
quartzy sand and a little ordinary charcoal, in cylinders of fire-clay, at a 
very high temperature. Hach cylinder has asbent copper tube adapted to 
it, one branch of which descends into a vessel containing water. The 
efficiency of this process depends upon the silica acting as an acid and 
combining with the lime of the phosphate at a high temperature, 
while the liberated phosphoric acid is decomposed by the carbon.” 
(GRAvAM.) 


When pure, phosphorus is tasteless, colourless, or of a pale buff 


colour, semitransparent, and flexible at common temperatures, but at 32°, 
crystalline and brittle. It is also rendered brittle by the presence of less 
than a 200th part of sulphur. Its specific gravity is 1-770. Its specific 
heat, as ascertained, apparently with accuracy, by Regnault, is 0°1887, but 
Dulong and Petit give 0°385 as the average result of their experiments. 
(Ann. Chim. & Phys., uxxiii. 55.) It is insoluble in water. It melts, 


when air is excluded, at 105°, undergoing a remarkable dilatation of — 


0:031 of its volume. If suddenly cooled to 32°, after having been heated 
to 140°, it sometimes becomes black (THENARD); but if slowly cooled, 
always remains colourless. ‘“ When fused and left undisturbed, it some- 
times remains liquid for hours at the usual temperature, particularly 
when covered by an alkaline liquid.” (Grauam.) Under these circum- 
stances its temperature suddenly rises in the act of solidification to about 
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100°. (Dumas.) At 550° it boils, air being excluded, and rapidly 
evaporates in the form of colourless vapour, the density of which, accord- 
ing to Dumas, is 4°355. But phosphorus evaporates, especially if in 
contact with moisture, at a much lower temperature. The volatility of 
phosphorus in conjunction with aqueous vapour is well shown by boiling 
a flask of water containing a piece of phosphorus, over a lamp; the vapour, 
as it issues from the flask, is beautifully luminous in a dark room. Phos- 
phorus may be purified by careful distillation, but the process is troublesome 
and dangerous. Dr. Henry gives the following directions for it:—The 


proper quantity of phosphorus should first be put into the retort, with a 


sufficient portion of water to cover it. The water must then be made hot 
enough to melt the phosphorus, which, on cooling, forms a mass, of the 


_ shape of the bottom of the retort. When cold, fill the retort with water, 


and invert it in water. Displace the water by hydrogen gas, forced from 
a bladder through a bent pipe; keep the finger on the open end of the 
retort neck; place it in a sand-bath; and immerse the mouth of it in 
water. Then apply heat very cautiously. A bladder. should also be 
provided, furnished with a stop-cock and pipe, and filled with hydrogen. 
During the distillation, the gas in the retort is absorbed, and it is neces- 
sary to add more from the bladder, otherwise the water will rush into the 
retort, and occasion an explosion, By distillation in this mode,. phos- 
phorus is rendered much purer. In the neck of the retort a substance is 
condensed of a beautiful red or carmine colour, which is a combination 
of carbon and phosphorus, or a phosphuret of carbon. 'Thenard observes 
that phosphorus, however frequently distilled, cannot be freed entirely 
from carbon, a minute quantity of which does not impair its.colour or 
transparency. 

When phosphorus is fused with about half its weight of sulphur, and 
suffered to cool gradually, a part of the phosphorus separates in rhombic 
dodecaédral crystals. (Muirscurruicu, Ann. de Chim. el Phys., vol. xxiv. 
p. 270.) It may also be crystallized by slowly cooling a saturated solu- 
tion of it in naphtha. When exposed to air, it exhales luminous fumes, 
having a peculiar alliaceous odour: this arises from a slow combustion; 
hence the necessity of preserving it in water. It has been used in 


_ Inedicine in doses of from one to six grains in the course of the day, 


dissolved in oil or ether, and is said to be a powerful restorative. In 


over-doses it is poisonous. (Orrina, T'raité des Poisons, ii. Dr. C. W. 


Grecory on New Remedies.) 
Retained for some time in contact with water, phosphorus decom- 


_ poses it; oxide of phosphorus, and, probably, phosphorous and phosphoric 


acids are formed, and phosphuretted hydrogen is emitted. -Mr. Phillips 
has observed that these changes are most rapid when light has free access. 
(Ann. of Philos., vol. v.) According to Berzelius, light, and especially 
violet light, has the peculiar effect of reddening phosphorus under what- 


ever circumstances it is exposed to its influence; in nitrogen gas, the 


concentrated solar rays readily fuse it, but in hydrogen and in vacuo, they 


cause it to sublime in red scales. There are several peculiar circumstances 


respecting the luminosity and inflammability of phosphorus. When 
exposed to the air at temperatures above the freezing point, it shines in- 
the dark with a pale blue light, which increases in intensity with the 
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temperature, This appears: to arise from a very slow combustion, 
attended by the production of acid: it ceases in close vessels as soon as 
the greater part of the oxygen has been absorbed; and is said not to 
take place when the air has been artificially dried: in this case the 
requisite formation of phosphorous acid. seems to be prevented. In pure 
oxygen, phosphorus is not luminous till heated to between 70° and 80°, 
above which it becomes very luminous, and soon inflames. Oxygen, and 
most other gases, in which phosphorus has been immersed, acquire its 
odour, and when mixed with air become slightly luminous. According 
to Dr. Henry, if a piece of phosphorus be introduced into a vessel of 
oxygen gas over mercury, at a temperature not exceeding 80°, no per- 
ceptible absorption will happen in twenty-four hours; but if, the 
temperature remaining the same, the pressure be diminished to one- 
eighth or one-tenth that of the atmosphere, the phosphorus will be 
surrounded with white vapours, will become luminous in the dark, and 
will absorb oxygen. Under ordinary pressures, a higher temperature 1s 
required for this effect; but if the density of the oxygen be reduced in 
the above proportion by mixing it with nitrogen, hydrogen, or carbonic 


acid, the phosphorus becomes luminous. Mr. Graham has shown that — 


the slow combustion of phosphorus in air, is prevented by very small ad- 


ditions of certain gases and vapours. (Quart. Journ., N.S., vol. vi. p. 83.) | 


Thus at the temperature of 66° it is entirely prevented by one volume 
of olefiant gas in 450 volumes of air, by one yolume of ether vapour in 
150 volumes of air, by one volume of naphtha vapour in 1820, and of oil 
of turpentine vapour in 4444 volumes of air. This influence is not con- 
fined to low temperatures, for a certain admixture of the above vapours 


‘will even prevent the oxidation of phosphorus at 200°; but on allowing 


such gaseous mixtures to expand, by diminishing the pressure upon them, 
the phosphorus becomes luminous, and the proportion of foreign gas 
required to prevent oxidation or slow combustion must be much increased. 
“The only explanation,” Mr. Graham observes, “of this phenomenon which 
can be offered, is that the gases which exert this influence have an attrac- 
tion for oxygen, and there is reason to believe are themselves undergoing 
a slow oxidation at the same time. Now when two oxidable bodies are 


in contact, one of them often takes precedence in combining with oxygen | 


to the entire exclusion of the other. Potassiumis defended from oxida- 
tion in air by the same vapours, though to a less degree.” 

In the vacuum of the air-pump, phosphorus in small pieces, loosely 
enveloped in cotton, will generally inflame and burn for a time with a pale 
light: under the same circumstances it more readily kindles if sprinkled 
with powdered résin or sulphur; alone, it does not inflame. When astick 
of phosphorus is sprinkled with lampblack, or powdered animal charcoal, 
it is also apt to inflame; and, what is curious, when very thin slices of 
phosphorus are placed upon flannel, wool, lint, fine feathers, or other 
downy and flocculent substances, they fuse and readily inflame upon the 
gentlest friction. It seems as if the slow combustion of the phosphorus 


produced heat enough to fuse it whilst lying upon a very bad conductor. — 


Berzelius remarks, that the water in which phosphorus has been kept in 
perfectly closed vessels, acquires a luminous property when agitated; this 
is not the case when air has access. P 
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The temperature at which phosphorus inflames has been variously 
stated. According to Dr. Higgins, when perfectly dry, a temperature of 
60° is sufficient. It easily takes fire by the heat of the hand and slight 
friction, or when rubbed upon a piece of coarse paper: it requires there- 
fore to be handled and wiped with the utmost caution. Owing to the 
superficial formation of phosphorous and phosphoric acid, when it burns 
imperfectly at low temperatures, its further combustion is often prevented: 
thus, in rubbing a fragment of phosphorus between two pieces of brown 
paper, a momentary combustion often ensues, and it requires considerable 
friction to cause it again to inflame; for the same reason it is very difficult 


to light a piece of paper by the flame of phosphorus, for the paper becomes 


covered and protected by the acid. 


PuospHorus AnD Oxycren.—At a temperature of about 120°, phos- 
phorus instantly takes fire, and burns with intense brilliancy, throwing 
off copious white fumes of phosphoric acid. If, instead of burning phos- 


phorus with free access of air, it be heated in a confined portion of very 


rare air, it enters into less perfect combustion, and three compounds of 
phosphorus with oxygen are the result, each characterized by distinct 
properties. The first is a red solid, less fusible than phosphorus; the 
second is a white substance, more volatile than phosphorus; the third, a 
white and more fixed body. The red solid consists of a mixture of 
phosphorus and oxide of phosphorus. 


‘  Oxipr or Pxospnorus. (3 pt 0.)—The white substance with which 
phosphorus becomes incrusted when kept for some time in ‘water, is 
generally stated to be an oxide of phosphorus, but Rose has thrown some 
doubt upon this opinion (Poaaunp. xxvii. 565), and Pelouze considers it 
as a hydrate of phosphorus. (49+ q.) The red solid is very inflammable, 
and less fusible and volatile than phosphorus. It is this substance which 
is generally used in the phosphoric match-boxes. To prepare it for this 
purpose a piece of phosphorus may be put into a small phial, and melted 
and stirred about With a hot iron-wire, so as to coat its interior. A 
portion of the phosphorus is thus oxidized by its imperfect combustion, 
and a small quantity, taken out upon the end of a brimstone match, 
instantly inflames upon coming into the contact of the air. (NicHorson’s 
Journal, vi. 134.) . ; | apeys 

According to Pelouze (Ann. de Chim. et Phys., u. 83), an oxide of 
phosphorus is formed by throwing a jet of oxygen gas into phosphorus 
fused under hot water; vivid combustion ensues, and phosphoric acid is 
formed, and at the same time a red pulverulent oxide deposited, which is 
insoluble in water, ether, alcohol, and oils, difficultly inflammable when 
heated in the air, but instantly burning upon contact of nitric acid. It 
appears to consist of 
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According to Le Verrier, a definite oxide of phosphorus, consisting of 


2 atoms of phosphorus + 1 of oxygen, is obtained by exposing small 
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fragments of phosphorus, covered by the liquid chloride of phosphorus, to 
the action of air: phosphoric acid is formed, and at the same time a 
yellowish substance, which he regards as a phosphate of the above oxide 
of phosphorus, and which yields a yellow solution with water. Ata i 
temperature of about 176° this solution is decomposed, and a yellow \ 
flocculent substance subsides, which isa hydrated oxide of phosphorus, but 
which, when dried in vacuo over sulphuric acid, loses its combined water. . 
In this state it is a yellow powder insoluble in water, alcohol, andether. It = 

_ 


resists a temperature of 570° without decomposition, but acquires a red 
colour: it does not burn till heated somewhat beyond the boiling point of 
mercury. It appears to form feeble combinations with the alkaline sali- 
fiable bases. | . 
There are three acid compounds of phosphorus and oxygen, which ; 
have been termed hypophosphorous, phosphorous, and phosphoric acids. _ 


HypornospHorous Acrp. (2+ 0) or D, was discovered by Dulong 


in 1816. (Ann. de Chim. et Phys., ii. 141.) It is prepared as follows: 

Upon 1 part.of phosphuret of barium pour 4 parts of water, and when the 

evolution of phosphuretted hydrogen gas has ceased, pour the whole upon 

a filter. To the filtered liquid add sulphuric acid as long as any precipi- 

tate forms: separate the precipitate, which is a compound of sulphuric 

acid and baryta, and the clear liquor now contains the hypophosphorous 

acid in solution. When concentrated by evaporation, a sour viscid 
liquid is obtained, incapable of crystallization, and eagerly attractive of 
oxygen. 


-- Rose obtained pure hypophosphorous acid by boiling hydrate of baryta 
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with water and phosphorus, till all garlic odour ceased, filtering the liquid é 
and decomposing it by excess of sulphuric acid; separating the precipitate = 
and digesting the clear fluid for a short time with excess of oxide of lead; 
then filtering the sulphate of lead from the solution of hypophosphile of — 
lead, and decomposing the latter by a current of sulphuretted hydrogen, 
The acid, freed from the precipitate, was concentrated until of sufficient 7 
strength. ’ . 
Ilypophosphorous acid appears to consist of 2 atoms of phosphorus 
and 1 of oxygen. caus ; ¥ 
Phosphorus 82. on BO Ro — 


2 tiie net 
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But its true atomic weight cannot be accurately determined till the 
composition of the hypophosphites is better known. r 

When hypophosphorous acid is heated, it is decomposed with the 
evolution of phosphuretted hydrogen and phosphorus; phosphoric acid is 
the residue: in its ordinary state, therefore, it evidently containscombined 
water, and indeed it yields a. crystallizable hydrate by very cautious 
evaporation. It is a powerful deoxidizing agent. In combination with 
bases it forms hypophosphiles; they are soluble in water, and many of 
them in alcohol; they are decomposed by a red heat: they are mostly 
deliquescent and uncrystallizable. (Duzona.) pi age 


a ae ee a ee ae eres 


—_———a 


“aia 


PHOSPHOROUS ACID. 499 
Hyropnospmre or Ammonta.—This salt is extremely soluble, very 
deliquescent, very difficultly crystallizable, and soluble in alcohol. 


> 
Puospuorous Acip. (P +13 0) or p.—The volatile white substance 
above mentioned as one of the products of the combustion of phosphorus 


in rarefied air, is this acid in a dry state: by burning phosphorus in a 


tube with very limited access of air, and caution as to temperature, as 
for instance, by placing a piece of phosphorus near one end of a tube three 
feet long, inflaming it, and gently propelling air through the tube, it may 
be collected in the form of a white volatile powder, which, when exposed 
to air, rapidly absorbs moisture, becomes hot, inflames, and burns into 
phosphoric acid. Heated in close vessels it gives off phosphorus and 
leaves phosphoric acid. It rapidly dissolves in water, has a sour taste, 
reddens vegetable blues, and combines with certain of the salifiable bases 
to form salts called phosphites. When acted upon by such of the 
metallic oxides as readily part with their oxygen, if is converted into 
phosphoric acid, and the oxide is reduced. cars 
_ The phosphorous acid in combination witha definite proportion of 
water, forming what Sir H. Davy termed hydrophosphorous acid, is 
obtained by mixing protochloride of phosphorus with water: a mutual 
decomposition of the liquids ensues, and hydrochloric acid and phospho- 
rous acid result; the former is easily driven off by heat, and, on carefully 
evaporating the remaining solution, a crystallizable compound is obtained, 
of a sour taste, and very soluble in water, which by heat is resolved into 
phosphoric acid and hydroguret of phosphorus. (See Phosphuretted Hy- 
drogen.) A current of chlorine passed through phosphorus fused under 
hot water, first converts it into a chloride, which afterwards reacts on the 
water: on evaporation, the hydrophosphorous acid remains. 

The slow and spontaneous combustion of phosphorus in a moist 
atmosphere, as when phosphorus is suffered to deliquesce upon a funnel, 


is attended by the production of a sour liquid, which may thus be 


gradually collected; it appears to be a mixture of hydrated phosphorous 
and phosphoric acids. _Dulong termed it phosphatic acid. | 
If the equivalent of the phosphorous acid be deduced from its satu- 


rating power, the phosphites being regarded as constituted of one atom 


of acid united to one atom of base, it will consist of 
Davy. Berzelius. Dulong. 
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Puosrnite or AmmMonta. (p+ A.)—This salt is obtained in deli- 
quescent prismatic crystals by saturating phosphoreus acid with carbonate 
of ammonia. When heated it gives out ammonia, and leaves phospho- 
rous acid and water,. which, on the further application of heat, is decom- 
posed, and hydrated phosphoric acid remains. (Ros, Poaa., Aunn., ix. 


_ 28.) According to Dr. Thomson, the constituents of the crystals are 
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Prospnorrc Acip. (pp +230) or p’. 2P50, or P, TURNER. 
(p+50) or POs, Granam*.—This acid may be formed by the direct 
combustion of phosphorus in excess of oxygen; intense heat and light 
are produced, and white deliquescent flocculi line the interior of the 
receiver. It is produced in the same way by burning phosphorus under 
a dry bell-glass in atmospheric air. For this purpose, a piece of phos- 
phorus, in a watch-glass or small porcelain capsule, may be placed upon 
a plate of glass, and covered over with a tall receiver; when inflamed, it 
burns at first furiously, but the combustion oradually subsides for want 
of oxygen, and may be renewed by gently lifting the receiver off the 
glass plate: thus the whole of the phosphorus may be gradually burned, 
and it forms a quantity of dense smoke, which subsides in the form of 
snowy flakes: this is Anhydrous Phosphoric Acid, mixed sometimes with 
a little phosphorous acid: if water be dropped upon it, it produces a his- 
sing noise, and much heat is evolved, but it is some time before the 
whole dissolves into a clear liquid. The solution is intensely sour. In 
its anhydrous state this acid appears to. be perfectly fixed, but in the air, 
or wherever aqueous vapour is present, it sublimes away, apparently in 
the state of hydrate. | 

Phosphoric acid may also be obtained by acting upon phosphorus by 
nitric acid; in this case, if the action be at all intense, a portion of 
ammonia is at the same time produced, which is found in the state of 
phosphate of ammonia in solution. About six parts of nitric acid, 
specific gravity 1:4, are introduced into a tubulated retort placed in a 
sand-heat, with a tubulated receiver luted on to it, the stopper of which 
should be open. When the acid is warm, drop into it gradually and 
carefully one part of phosphorus in small pieces; red nitrous vapour is 
instantly disengaged, and when its evolution ceases, put the stopper 
loosely into the receiver, and distil till the residue in the retort acquires 
the consistence of syrup; pour it into a platinum crucible, and give it a 
dull red heat; it fuses, and concretes on cooling, into a transparent 
substance, which is hydrated phosphoric acid, and which retains water 


with great avidity, even at red heat, and at very high temperatures 


slowly volatilizes; in this state it is sometimes called glacial phosphoric 


acid. Inthe London Pharmacopeia diluted phosphoric acid is directed - 


to be obtained by distilling a mixture of 4 fluid ounces of nitric acid and » 
10 of water, off an ounce of phosphorus: when 8 fluid ounces have passed 
over they are to be returned into the retort and again distilled over; the 
remaining liquor is then to be evaporated in a platinum capsule and 
diluted with distilled water, so as to make up 28 fluid ounces. The spe- 
cific gravity of this dilute acid is 1:064, and 100 grains of it are saturated 
by 42 of crystallized carbonate of soda: it appears to contain about 10 
per cent. of acid. 


_ * Professor Graham, to whom we are of phosphorus and 5 of oxygen. Dr. 
indebted for an elaborate investigation Turner, on the other hand, represents it 
into the constitution of the modifications | as constituted of 2 atoms of phosphorus 


of this acid and the atomic composition 
of the phosphates, doubles the equiva- 
lent of phosphorus, and represents this 
acid, therefore, as acompound of | atom 


and 5 of oxygen, in this case retaining 
the equivalent 16 (or 15°7) for phospho- 
rus, whereas Graham uses 31:4 (nearly 
16 2) as the equivalent of phosphorus. 
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Another mode of obtaining phosphoric acid, consists in heating 
phosphate of ammonia to redness, which may be economically prepared. 
for this purpose by saturating the impure phosphoric acid obtained from 


_ calcined bones (p. 484) by carbonate of ammonia. 


The hydrated phosphoric acid, when pure, readily dissolves in water; 


it deliquesces upon exposure to humid air into an intensely sour liquid, 


of a specific gravity = 2. It does not corrode the skin like nitric and 
sulphuric acids. Dr, Turner remarks (Elements of Chemistry), that it may 
be distinguished from all other acids by the following circumstances: 
that when carefully neutralized by pure carbonate of soda or potassa, it 
forms a solution in which no precipitate, or change of colour, is pro- 
duced, when a stream of sulphuretted hydrogen gas is passed through 
it; but which is precipitated white by a solution of acetate of lead, and 
yellow by nitrate of silver: the first precipitate, the phosphate of lead, 
dissolves completely on the addition of nitric or phosphoric acid; the 
second, the phosphate of silver, is dissolved by both’these acids and by 


ammonia, 


. it has been satisfactorily proved by the accurate researches of Berze- 
lus and of Dulong, that the ratio of the oxygen in the phosphorous acid 


is to that in the phosphoric acid as 3 to 5; and assuming these acids 


to consist respectively of one atom of phosphorus and three of oxygen, 
and one atom of phosphorus and five of oxygen, the number 32 (or 
thereabout) would be the equivalent of phosphorus, and 72 that of the 
phosphoric acid; but the adoption of this latter number would oblige 
us to consider the neutral phosphates as constituted of one atom of acid 
and two atoms of base, which is contrary to all analogy; the fact is, that 
36 is the equivalent of the phosphoric acid, and 28 that of the phos- 
phorous acid; hence the necessity of considering the latter, as above 
stated, a compound of | atom of phosphorus and 12 of oxygen; and 


_ upon the same principle the anhydrous phosphoric acid will consist of 


Dayy. Berzelius. Dulong. — Rose. 
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The glacial phosphoric acid, or the hydrated acid exposed to a heat 
at which it no longer loses water, but begins to sublime or evaporate 
without decomposition, appears to consist of 
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Mr. Graham observes (Elements of Chemistry) that when phosphoric 
acid is dissolved in water the compound is marked by an unusual incon- 
stancy of character, arising from the circumstance that it is not actual 
phosphoric acid, but a hydrate of that acid, which is soluble, as indeed is 
also the case with sulphuric acid; but the peculiarities of the phosphoric 
acid arise out of the circumstance that it forms three definite combinations 


with water, each of which is soluble without change, and these phos- 
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phates of water exhibit properties so distinct that they might be supposed 
to contain distinct acids. When the anhydrous acid obtained by burning 
phosphorus in dry air is thrown into water, it produces an indefinite 
mixture of the three hydrates, but each of them may be obtained pure 
by a particular process, in reference to which I shall adopt Mr. Graham’s 
nomenclature. — | 

1. Terhydrate, or Tribasic Phosphate of Water. 3sHO+POs. 
(=14 (h+0)+( p+240) of our equivalents; or 1 atom of anhydrous 
phosphoric acid and 13 of water.)—This compound is obtained by adding 
to a warm solution of the common phosphate of soda of pharmacy (which 
should be re-crystallized in order to purify it) a solution of acetate of 
lead, so long as it occasions a precipitate: the phosphate of lead which 
falls is then washed, diffused in cold water, and. decomposed by a stream 
of sulphuretted hydrogen; the liquor is then heated and filtered; it is 
very sour and contains the terhydrate of phosphoric acid. “The charac- 
ters of this solution are to give a yellow precipitate with nitrate of silver, 
to yield the common phosphate of soda when neutralized by carbonate of 
soda, to furm salts which have invariably three atoms of base to one of 
phosphoric acid, and to be unalterable by boiling its solution, or keeping 
it for any length of time. The class of salts which this hydrate forms are 
the old phosphates which have been long known, and it is convenient to 
allow them to be particularly distinguished as the phosphates, or common 
phosphates.” In the language of our equivalents it is a sesquihydrate. 

2. Deutohydrate of Phosphoric Acid, or Bibasic Phosphate of Water. 
2HO+P05. (= (h +0)+ (p +230) of our equivalents; or 1 atom, of 
anhydrous phosphoric acid and 1 of water.) Pyrophosphoric Acid.—In the 
year 1826, Dr. Clark, of Glasgow, observed, that when phosphate of soda 
had been heated to redness, its solution, instead of throwing down a yellow 
precipitate with nitrate of silver, produced a while precipitate. (BREWSTER’s 
Edin. Journal, vii. 298.) Professor Stromeyer had also observed the 
same fact, and in 1830, communicated a paper on the subject to the 
Royal Society of Guttingen. (Ann. de Chim. et Phys., xiii. 364.) The 
phosphoric acid, after it has been exposed for some time to heat, yields, 
when saturated with bases, salts possessed of certain peculiarities, which 
have hence been termed pyrophosphates. If a solution of such pyrophos- 
phate of soda be precipitated by acetate of lead, the precipitate washed 
and decomposed by sulphuretted hydrogen as before, an acid liquor is 
obtained, which holds the deutohydrate of phosphoric acid in solution; 
it must not be heated to expel the sulphuretted hydrogen, but left in a 
shallow basin for 24 hours to allow the escape of that gas. The acid 
thus obtained gives a while precipitate with nitrate of silver; when neu- 
tralized by carbonate of soda it gives Dr. Clark’s pyrophosphate of soda, 


-and all the salts which it forms have uniformly 2 atoms of base (im refer- 


ence, that is, to Mr. Graham’s equivalents). These salts may by way of 
distinction, and as not involying theoretical views of their atomic consti- 
tution, be denominated pyrophosphates. A dilute solution of the pyro- 
phosphoric acid may be preserved without change, but if boiled it passes 
into the terhydrate (or sesquihydrate of our equivalents). 


3. Protohydrate of Phosphoric Acid. WO + POs (Grauam), or 


> — 
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(h+0) +2 (p+ 220), that is, 2 atoms of anhydrous acid and 1 of water, 
according to our equivalents. This modification of the phosphoric acid 
is obtained by heating biphosphate of soda to redness, dissolving it in 
water, and decomposing the solution by acetate of lead: the precipitate 
is then to be treated by sulphuretted hydrogen as before, and the result- 
ing acid liquor contains Graham’s protohydrate of phosphoric acid. The 
biphosphate of soda for this purpose is prepared by adding a solution 
of the terhydrate of phosphoric acid to a solution of the common phos- 
phate of soda, till a drop of the latter is no longer precipitated by chloride 
of barium: the biphosphate of soda, now in solution, can only be crystal- 
lized in cold weather. “This acid is characterized,” says Mr. Graham, 
“by producing a white precipitate in solution of albumen ; and in solu- 
tions of the salts of earths and metallic oxides, precipitates which are 
remarkable semifluid bodies, or soft solids, without crystallization. All 
these salts contain only one atom of base to one of acid, like the protohy- 
drate of the acid itself. (The trivial name melaphosphates was applied 
to the class by myself to mark the cause of the retention of peculiar pro- 
perties by their acid, when free and in solution, namely, that it was not 
then simply phosphoric acid but phosphoric acid together with water: 
Phil. Trans., 1833, p. 253.) This is the least stable of the hydrates of 
phosphoric acid, being converted rapidly by the ebullition of its solution 
into the terhydrate. If the terms metaphosphoric and pyrophosphoric 
acid are employed at all, it is to be remembered that they are applicable 
to the proto and deutohydrates, and not to the acid itself, which is the 
same in all the hydrates. But to prevent the chance of misconception, 
metaphosphate of water and pyrophosphate of water might be substituted 
for these terms.” 

We shall find in the sequel that the three hydrates of phosphoric 
acid form three classes of phosphates, the quantity of base which unites 
to the acid in the humid way being regulated by the proportion of water 
previously combined with the acid, and which is replaced. by the fixed 
_ base, affording, as Mr. Graham observes, a good illustration of the form- 
ation of compounds by substitution. Thus, “The protohydrate of phos- 
phoric acid combines with no more than one, and the deutohydrate with 
no more than two, proportions of soda, although three or a larger num- 
ber of proportions of alkali be added to it: the excess of alkali remains 
free.” Mr. Graham’s further remarks upon this curious and intricate 
subject I must leave till the other salts of the phosphoric acid are indi- 
vidually before us; in the mean time, I must again remind the student of 
the discrepancy between Mr. Graham’s equivalents and those which we 
have adopted, in respect to the phosphoric acid, two of our equivalents 
of that acid being = to one of his, whilst our equivalents for water 
agree; and although Dr. Turner and Mr. Graham agree in their equiva- 
lent number for phosphoric acid, they give different views of its atomic 
constitution, Turner representing it as constituted of 2 atoms of phos- 
phorus and 5 of oxygen, (simply, therefore, doubling our numbers,) 
whilst Graham doubles the number for phosphorus, and therefore repre- 
sents phosphoric acid as constituted of 1 atom of phosphorus and 5 of 


oxygen. he following is a comparative statement of these different 
views :— 


PHOSPHORUS. 
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PuospHaTe or Ammonia. (’-+A.)—The mutual action of anhy- 
drous phosphoric acid and ammonia has not been studied: they probably 
give rise to an amide. The neutral phosphate of ammonia may be 
obtained pure by saturating phosphoric acid with ammonia or carbonate 
of ammonia and carefully evaporating, so as to avoid the production of 
an acid salt. It may also be formed by adding carbonate of ammonia to 
the acid phosphate of lime obtained from bone earth (p. 484), till no 
further effervescence or precipitation of phosphate of lime follows, fil- 
tering and evaporating, taking care, however, to leave slight excess of 
ammonia: the solution left to itself deposits the salt. Its primary form 
is an oblique rhombic prism, the smaller angle of which is 84° 30’. Its 
prisms are often terminated by diédral summits. (Murrscueruicn, Ann. 
de Chim. et Phys., xix. 382.) The crystals are efflorescent, and by long 
exposure become biphosphate from loss of ammonia: they taste saline, 
cooling, and bitterish. This salt is soluble in 4 parts of cold water. 
When heated it melts, and losing ammonia leaves hydrated phosphoric 
acid. It exists in the urine of carnivorous animals. ‘This salt has not 
been accurately analyzed, but it probably consists of 
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BrenospHATE oF AmMonra. (2 Pp’ + A.)\—This salt is obtained by 
adding phosphoric acid to a solution of the phosphate of ammonia till it 
strongly reddens litmus paper, and ceases to occasion a precipitate in a 
dilute solution of chloride of barium. When the solution is concentrated 
it yields crystals, the primary form of which is an octoédron with a 
square base; but they are most commonly right square prisms terminated 
by the primary faces. They are less soluble than the preceding salt, 
and permanent in the air: when heated they fuse and froth up, ulti- 
mately leaving hydrated phosphoric acid. They consist of 
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Gay Lussac has recommended the application of phosphate of 
ammonia to render muslin, and similar articles of clothing, to a con- 
siderable extent incombustible. The goods are immersed in a solution of 
equal parts of phosphate and hydrochlorate of ammonia of a due strength, 
and then dried; upon applying flame to them, it will be found that they 
are burned with great difficulty, and cannot be consumed with flame, in 
consequence of the prevention of the access of oxygen by the glazing 
which the salts form at high temperatures. 

When considering the basic oxides, the constitution of the phosphates 
will be more particularly adverted to. Myr. Graham’s views respecting 
the peculiarities of these salts, as formed by the three hydrates of phos- 


_ phoric acid, will be found in his Elements of Chemistry, p. 349. 
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PuospHorus AND CHLoRINE.—These elements unite in two propor- 
tions, forming two definite compounds, the chloride, or sesquichloride, 
and the perchloride of phosphorus. Te 


ProrocnLoriwe oF ParospHorus. SesquicHLoRIpE or PuHospHorus. 
(TERCHLORIDE oF PHosPHORUS. Grauam.) (P+12C) or 2P+3C).— 
This compound is procured by distilling a mixture of phosphorus and 
perchloride of mercury; or, what amounts to the same thing, by 
passing the vapour of phosphorus over perchloride of mercury in a heated 
glass tube, terminating in a cooled receiver: It is also formed by passing 
chlorine first through a cold flask, then through a tube containing fragments 
of fused chloride of calcium, and thence into a tubulated retort, slightly 
warmed, and containing phosphorus, from which the sesquichloride, as it 
is formed, gradually distils over into a cooled receiver. (GMELIN.) 

When first obtained, this compound generally holds a little phos- 
phorus in solution, which gives it a reddish colour; this is in time 
deposited, and it becomes limpid and colourless; or it may at once be 
purified by slow distillation; it requires to be cautiously excluded from 
the action of the air. It has a suffocating odour. Its specific gravity is 
1-45. Exposed to the air it exhales acid fumes: it does not change the 
colour of dry vegetable blues, but’ becomes powerfully acid upon the 
least acquisition of moisture. Its vapour is combustible. Chlorine con- 
verts it into perchloride of phosphorus. It acts upon water with great 
energy, and produces hydrochloric and phosphorous acids, as above stated 
(page 489). 

It appears from the analyses of Davy and of Berzelius, that this 
chloride corresponds in composition to the phosphorous acid; it is there- 


fore a sesquichloride of phosphorus, and consists of Davy and 
; Berzelius. 
Phosphorus avert 1 aie 16 as 22°9 aa 23° 
Chioriie (isc 12. 5 05. os aie totes te 54 ae, 771 tets 7h 
Sesquichloride of Phosphorus 1 70 100°0 100 


PeRcHLORIDE oF PaospHorus. (P+2gC) or (2p+s C).—When 
phosphorus is submitted to the action of chlorine in excess, it burns with 
a pale yellow flame, and produces a white, flaky, and volatile compound, 


‘ala 
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which attaches itself to the interior of the vessel, and which is the. 


perchloride of phosphorus. It may be conveniently formed in the 


exhausted retort, as described at p. 364. It was long mistaken for phos- 
phoric acid, but its easy volatility is alone sufficient distinction, for it 
rises in vapour at 200°. It is fusible ander pressure, and crystallizable 
in transparent prisms; it is a non-conductor of electricity; it reddens dry 
litmus paper, in consequence, as Berzelius supposes, of its acquiring 
hydrogen and oxygen from the decomposition of the paper. It fumes in 


the air, and when brought into the contact of water, a mutual decom-_ 


position is immediately effected, and phosphoric and hydrochloric acids 


result. When passed through a red-hot porcelain tube with oxygen, ; 


' phosphoric acid is produced and chlorine evolved, which shows that 
oxygen, at that temperature, has a stronger attraction for phosphorus than 
chlorine. Potassium, heated in its vapour, burns with great brilliancy: 


4 —_—_—— ——— —— — 


-Perchloride of phosphorus 1 106 100:0 100 100:0 100°00 


CHLORIDES OF PHOSPHORUS. 497 


the metallic oxides decompose it with the production of metallic chlorides 
and phosphates. 


The perchloride of phosphorus consists of 
Davy. Dulong. Berzelius. 
Pe EMOsPHOLES’ Smee we Loe a both © ox is se UES ACY TS ST 
Chlorinew) Mies Zaye eo GOCE 2) B49. POST PTs S46 ae Se-69 


AMMONIA AND CHLORIDE oF PHospHorus.—The action of ammonia 
on the chlorides of phosphorus is very remarkable, and was first 
observed by Davy, and since elaborately examined by H. Rose. When 
ammonia is admitted into an exhausted retort containing the perchloride 
of phosphorus, the gas is rapidly absorbed with much heat, and a 
compound is produced which, according to Davy, is insoluble in water, 
indecomposable by acid or alkaline solutions, and has characters analo- 
gous to an earth. ‘The action of ammonia on the sesquichloride is 
attended by the production of the same compound, and the separation of 
a portion of phosphorus. (Hlements, p. 291.) According to H. Rose, 
(uber eine Verbindung des Phosphors mit dem Stickstoff;) the most 
definite action of ammonia is on the sesquichloride of phosphorus. 
(Poacenn., xxiv. 308.) This liquid, when freed from dissolved phos- 
phorus by repeated distillation, and subjected (surrounded by a freezing 
mixture so as to prevent elevation of temperature and consequent 
deposition of phosphorus) to the gradual action of excess of ammonia, 
forms with it a perfectly white compound, which is entirely, though 
very slowly, soluble in water, and is so constituted, as to yield in this 
process, neutral hydrochlorate and phosphite of ammonia. When heated 
in the air, it gives off hydrochlorate of ammonia, and leaves an insoluble 
reddish-brown substance, which, when heated, becomes white, but again 
brown as it cools. To obtain the fixed residue in a pure state, freshly 
prepared ammonio-sesquichloride of phosphorus must be cautiously heated 
to redness out of the contact of air: this is best done by putting it 
into a sufficiently large tube of difficultly fusible glass, and passing 
over it at ared heat a stream of carbonic-acid gas dried by contact of 
chloride of calcium: the operation must be patiently carried on till no 
traces of hydrochlorate of ammonia are evolved. With these pre- 
cautions, the substance which remains is a light white powder, and 
though formed of highly-volatile substances is, when excluded from air | 
and moisture, fixed and infusible ata red heat: heated in contact of the 


_ air and its moisture, it evolves white fumes of phosphoric acid, and 


becomes slowly oxidized without flaming: if thus heated in a platinum 
crucible, the metal is much corroded. Exclusively of its fixedness out 
of the contact of air, the most remarkable property of this substance is 
its indifference to the strongest re-agents. Concentrated nitric acid very 
slowly converts a portion of it into phosphoric acid, and concentrated 


_ sulphuric acid produces the same change with the evolution of sulphur- 


ous acid; but the dilute acids and alkaline solutions, and chlorine, 
sulphur, and carbonic acid, have no action upon it even when heated, 
It is, on the contrary, energetically acted upon when fused with caustic 
potassa; ammonia is evolved, and the residue is soluble in water. It is 


decomposed when heated with hydrate of baryta, with intense ignition: 


2k 


498 IODIDES OF PHOSPHORUS. 


it is also decomposed by fusion with the carbonated fixed alkalis, and — 


with their nitrates. The action of dry hydrogen gas upon this compound 
at ared heat is very remarkable; no trace of water is formed, phos- 
phorus is evolved, and distils off, and on conducting the gaseous products 
into water, ammonia is found in solution. From this. result, and from 


other evidence adduced by Rose, this compound apparently consists of 


phosphorus and nitrogen; it is a true phosphuret of nitrogen; and from 
the analytical details given at length in the essay I have quoted, it 
appears that 100 parts of the ammonio-sesquichloride, yield an average 
product of 21:27 of this phosphuret of nitrogen, and that it consists of 


Rose. 
Phosphorus .. 1 «. 16 .. 833 .. 62°56 
Nitrogen s+% |: 4. 14.%., 467 » «47:44 


— oo — es — 


Phosphuret of nitrogen 1 30 100°0 100°00 


It is obvious that there is no analogy between this compound and 
those of nitrogen with chlorine and iodine; indeed, its properties are 
diametrically opposed to those detonating and easily-decomposable sub- 
stances: it presents a remarkable but not solitary instance of the 


production of a fixed substance from the union of highly volatile elements. _ 


Its atomic constitution as given above, closely agrees with the expe- 
rimental result, but is not consistent with the other combinations of 
phosphorus. 


PHosPHORUS AND Iopinr.— When these Aypsteneaee perfectly dry, are” 


brought together in an exhausted vessel and gently heated, they act 
violently, evolving heat but no light, and form orange -colodeed, red, or 
black compounds, according to their relative proportions. When one part 
of phosphorus and about twelve of iodine are fused together, the com- 
pound is reddish-brown, very fusible, and appears to be a sesquiodide of 
phosphorus (+131), for it is decomposed by water, and resolved into 
hydriodic and phosphorous acids: it therefore consists of 


Phosphorus , 4 hpieer db wy 16 jas 78 
Lodine rr li P 188 peor 92°2 
Sesquiodide of phosphorus 1 204 100°0 


Periopipe or Prospnorvus, (P+235 0 ).)—When one part of phos- 


phorus is fused with nearly 40 of iodine, a black and less fusible com- 
pound results, which is resolved by water into hydriodic and PRORPHOHE 
acid, and rain, therefore, apparently consists of 


‘:Phosphorus «) ss -s 1 ity 16 oa 4°88 
Iodine By Me tre 85 PO rect 12 “gtk 95°12 
Periodide of phosphorus 1 _: 828 100-00 


PuospHorus AND Bromine.—According to M. Balard there are two 
bromides of phosphorus. When phosphorus and bromine are mixed in 
a flask filled with carbonic acid, they act intensely upon each other: 


heat and light are evolved, and a yellow crystalline substance rises to the — 


upper part of the flask, whilst a liquid remains at the bottom. The 
latter is the sesquibromide, it is volatile, and emits pungent fumes when 


ee 


- PHOSPHORUS AND HYDROGEN. 499 


exposed to air. Water resolves it into hydrobromic and phosphorous 
acids. The crystalline perbromide is converted, by a gentle heat, into 


_ ared liquid, and at a higher temperature into red vapour. It emits fumes 


when exposed to air, and, acted upon by water, forms hydrobromic and 
phosphoric acid. 

Both these bromides are decomposed by chlorine, with the evolution 
of bromine and the formation of chloride of phosphorus, Iodine, on the 
contrary, does not decompose them; but bromine decomposes the iodides 
of phosphorus. 

From the action of these bromides on water, there can be little doubt 
that the former is a sesquibromide of phosphorus (Pp +15 b); and that 
the composition of the perbromide corresponds with that of the phos- 
phoric acid and of the perchloride, being ()) +23 b.) 


FLvoripe or PuospHorvs. (P+15 J)—By distilling fluoride of lead 


_ or mercury with phosphorus, Davy obtained a fuming liquid, resolved by 
_ the action of water into hydrofluoric and phosphorous acids. 


PuosrpHorus AND Hyprocen; PHospHurettep Hyprocren; Hypro- 
GURET oF PHospHorus.—Phosphorus may be heated, and even sublimed, 


- in hydrogen gas, without the formation of any definite compound, 


although, under such circumstances, the gas retains a portion of the 
vapour of phosphorus, acquiring its peculiar odour, and becoming luminous 
in the dark when mixed with atmospheric air. When phosphorus is 
presented to nascent hydrogen, two gaseous compounds result. ‘The one 
inflames spontaneously upon the contact of the atmosphere. This may 
be procured by heating phosphorus in a solution of caustic potassa; or 
by acting upon phosphuret of lime by dilute hydrochloric acid. In the 
former case about a quarter of an ounce of phosphorus should be intro- 
duced into a small retort, capable of holding about four ounces of water; 
it should then be completely filled with a moderately-strong solution of 
potassa, and the beak being placed under the shelf of the pneumatic 
apparatus, the heat of an Argand lamp carefully applied till it boils: gas 
will gradually be generated, so as to expel a portion of the alkaline 


solution, and ultimately to bubble up through the water. Upon coming 
into contact with the air, the bubbles inflame with a slight explosion and 


if the atmosphere is still, each as it bursts produces a beautifully-expanding 
ring of smoke, in consequence of the sudden formation of phosphoric acid 
and water. Ifthe retort, in which the gas is generated, contain common 


_air, the first bubbles burn within the vessel, and the retort is frequently 


broken by the percussion, or by the rush of cold water from the trough, 
caused by the sudden expansion and subsequent contraction of the air 
within, an accident prevented by filling the retort with the liquid. 

For obtaining this gas by the second process, Dr. Thomson gives the 
following directions:—Fill a small retort with water, acidulated by 
hydrochloric acid, and then throw into ita quantity of phosphuret of lime 
in lumps. Plunge the beak of the retort under water, and place over it 


an inverted jar filled with that liquid. Phosphuretted hydrogen gas is 
_extricated in considerable quantity, and soon fills the glass jar. Half an 
_ ounce of phosphuret of lime yields about 70 cubic inches of this gas. 


(norg. Chem., i. 251.) | 
2K 2 


560 PHOSPHURETIED HYDROGEN GAS. 
This gas was discovered by Gengembre in 1783; it is colourless, has a 
nauseous odour like onions, a very bitter taste, and inflames when mixed 
with air, a property which it loses by being kept over water: water takes 
up about two per cent. of this gas, and acquires a bitter taste, and the 
smell of onions; but the solution has no acid properties like that of sul- 
phuretted hydrogen. When the gas is retained in dry vessels, or over 
mercury, and carefully excluded from light, it may be kept some time 
without alteration: but, in the contact of water, and exposed to light, it 
soon deposits a red film, without changing its volume, and loses the pro- 
perty of spontaneous inflammability. It has been asserted, that in this 
case the gas deposits half of its phosphorus, and that a definite subphos- 
phuretted hydrogen remains; but this statement requires further proof. 
Houton Labilladiére has remarked, that bubbles of phosphuretted hydrogen 
sent up into a portion of common air standing over mercury, do not inflame 
when the air is compressed, or when the mercury is at the same level 
within and without the vessel; but that explosion immediately ensues 
when the confined air is rarefied by lifting up the jar, so that the column 
of mercury within may be above that without. When bubbles of phos- 
phuretted hydrogen are sent up into a jar of oxygen, they burn with 


greatly increased splendour; in chlorine, too, they burn with a beautiful — 


pale blue light, forming hydrochloric acid and perchloride of phosphorus. 
In a narrow tube it may be mixed with oxygen without exploding, in 
which case it is deprived of its phosphorus. It burns when thrown up 
into nitrous oxide. 

The specific gravity of this gas, according to Dumas, is 1-761, (Ann. 
de Chim, et Phys., xxxi. 149,) according to Thomson (Inorg. Chem., i. 


252), itis 1°77. When heated with corrosive sublimate, hydrochloric 


acid gas is formed, equal to three times the volume of the phosphuretted 
hydrogen decomposed, whence it appears to contain, in the 100 measures, 
150 measures of hydrogen; Dumas states the weight of the phosphorus 
to that of the hydrogen as 15-9 to 1, numbers which closely approximate 
to 16 and 1, or one equivalent of each of its components. 


SesquinypRogurer or Puospuorus; Hypropwospnoric Gas. (p 412 
-)—This compound of phosphorus and hydrogen was discovered by 
Su H. Davy, in 1812. Itis procured by heating the solid hydrate of 


t 


. 
phosphorous acid, or hydrophosphorous acid (p. 489), in a small retort. — 


The gas must be collectedeover mercury, for water absorbs one-eighth its — 
volume. It is not spontaneously inflammable, but explodes when heated _ 


with oxygen. It inflames spontaneously in chlorine. Its smell is less 
disagreeable than the former. 


Both this and the former gas frequently contain free hydrogen, the 


relative proportion of which may be ascertained by agitation with a cold — 


saturated solution of persulphate of copper, which absorbs the phosphu- 
retted hydrogen, and leaves the pure hydrogen. Dumas infers from the 


action of perchloride of mercury on this gas, that 100 measures yield 150 


of hydrogen. Dr. Turner, on the authority of Dumas and of Buff (Ann. 


de Chim. et Phys.,xti.), considers 100 measures of this variety of phos- — 


phuretted hydrogen as constituted of 150 of hydrogen gas, and 25 of the 
vapour of phosphorus (Elements of Chem.), and hence as 
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150 cubic inches of hydrogen weigh Ae we 3°1977 
25 ' phosphorus vapour .. os 33°5425 
100 ‘o phosphuretted hydrogen gas should weigh 36-7402 


The calculated density of a gas so constituted should be 1-1853. 

It is now generally assumed that the spontaneously inflammable 
phosphuretted hydrogen derives its peculiarities from the presence of 
something extraneous, or according to Leverrier (Ann. C. & P., ux. 174), 
to a gaseous compound of phosphorus and hydrogen ( pth), which is 


decomposed by light. Mr. Graham ascertained that Davy’s hydrophos- 


phoric gas was not rendered spontaneously inflammable by the presence 


of phosphorus vapour, and that the spontaneously inflammable gas was 


deprived of that property by very minute portions of certain combustible 
bodies, such as potassium, and the vapour of ether and essential oils; and 
lastly, that the property was communicated to either gas by the addition 
of a very minute quantity of nitrous acid vapour, varying from 1-1000th 
to 1-10,000th of the volume of the gas. 

Grotthus has described a liquid compound of phosphorus and hydrogen, 
analogous probably to the corresponding combination of sulphur, (and, if 
so, biphosphuret of hydrogen,) obtained by boiling phosphorus in an 
alcoholic solution of potassa. The phosphorus liquifies, and remains fluid 
when cold; if boiled in water, phosphuretted hydrogen is evolved, but no 
phosphoric acid is formed, nor is the water decomposed; and phosphorus, 
which concretes as usual, remains behind. According to Magnus, when 


phosphuret of potassium is thrown into water, acompound of phosphorus 


and hydrogen precipitates in the form of a yellow powder. Phosphu- 


_ retted hydrogen combines with several of the perchlorides, and with the 


perchloride of tin it forms a compound which is decomposed with the 
escape of a non-inflammable gas by water, but of a spontaneously inflam- 
mable gas by solution of ammonia. 

Common phosphorus always yields a trace of hydrogen or of phosphu- 
retted hydrogen, which it evolves when in the act of combining with some 
of the metals, and Davy found that by acting on fused phosphorus by the 
voltaic spark, small portions of hydrogen were given off. 


PHospHorvs AND Nirrocen; Puospuurrt or Nirrogen: (see action 


ef ammonia on chloride of phosphorus, p. 497.) 


AMMONIURET of PuospHorvs.—According to Berzclius, when phos- 
phorus is exposed to ammonia standing over mercury, a phosphuret of 
ammonia is produced, of a dark colour, and pulverulent texture: its pro- 
perties have not been examined. Bineau could not succeed in obtaining 


this compound. (Ann. C. & P., uxvii. 229.) 


PHospHorus AND SuLtpHUR; PHosPHURET oF SuLPHUR; SULPHURET 
or Puospuorvus.—These substances may be united by fusion in an 
exhausted flask, or under water; in the latter case they combine gradu- 
ally as soon as the phosphorus is melted, but the heat must be cautiously 
applied, as the water is sometimes suddenly decomposed with explosive 


502 BIPHOSPHURET OF SULPHUR. 


sulphur with 7 of phosphorus and agitated the compound in liquid 
ammonia, by which the reddish-brown colour was removed and a pure 


fluid of a light-yellow colour, and semitransparent, remained. It retained. 


its fluidity when cooled down to 20°, and was perfectly liquid at 32°. 
On remaining for some weeks in a bottle of water it deposited crystals 
of sulphur, and at the temperature of 40° became a crystalline mass, 
in which the relative proportions of the phosphorus and sulphur appeared 
to be 8 and 4. This, therefore, was probably a biphosphuret of sulphur 
(279+), or a compound of 


Phosphorus . 2 Acar ¢ 32 eure 66°7 
Sulphur so. t Wt 16 ‘6 33°3 
Biphosphuret of sulphur 1 ‘i 48 100°0 


This purified compound did not act upon water at common tempe- 
ratures, nor rapidly even at its boiling-point; hence, Mr. Faraday infers 
that the rapid action of the compound formed by heat in a tube when in 
contact with water, results from some combination of oxygen and 
phosphorus. When the liquid sesquichloride of phosphorus is acted 
on by sulphuretted hydrogen, hydrochloric acid is evolved, and a yellow 
substance produced which is a sesquisulphuret of phosphorus. (J) +13 S.) 
—SERULLAS. 


§ X. SELENIUM. 


Tus rare and singular substance was discovered in 1818 by Professor 
Berzelius, during an examination of certain substances found in the sul- 
phuric acid manufactured at Gripsholm, in Sweden. (Aun. de Chim. et 
Phys., ix. 160.) The sulphur used in these works is procured from the 


violence. Mr. Faraday (Quarterly Journal, iv. 361) melted_5 parts of q 


7 


iron pyrites of Fahlun, and the acid obtained from it deposits a red — 
matter, which was supposed to contain tellurium, but the peculiarities of — 


which were traced to a distinct and previously unknown substance, to 
which its discoverer gave the name of Selenium, from 3 ¢A7vn, the moon, in 
consequence of its having at first been mistaken for the metal Tellurium. 


Some difference of opinion exists as to the place which selenium — 


should occupy in chemical arrangements. Berzelius includes it among 
the metals; but as it is a non-conductor of electricity, and a most imper- 
fect conductor of heat, and as, in other respects, it bears much analogy 
to sulphur, it is generally placed among the non-metallic combustibles. 
Stromeyer and Rose have detected it in several metallic ores from the 
Hartz mines, and amongst some of the volcanic products of the Lipari 


islands; and it exists in some of the sulphurets of lead of Fahlun, and in > 


the pyrites of the isle of Anglesey. 


Selenium is most readily obtained by the decomposition of selenic — 
acid, which may be effected by adding hydrochloric acid to its solution in — 


water, and immersing a plate of zinc in the mixture: a gray or reddish- 
brown flocculent precipitate of selenium is then deposited. Berzelius, in 
his Lehrbuch de Chemie, has detailed the circuitous process by which he 
separated selenium from the red sediment of the Gripsholm sulphuric 
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acid (see also Ann. of Phil., xiv. 403); and M. Lewenau has described 
some important improvements in the modes of obtaining it in a pure 
state. (Ann. of Phil., N.S., viii. 104.) 

To extract selenium from the native sulphuret, Magnus proposes to 
mix it with eight times its weight of peroxide of manganese, and to 
expose the mixture to a low red heat in a glass retort, the beak of which 
dips into water. The sulphur, oxidized at the expense of the manganese, 
escapes in the form of sulphurous acid, while the selenium either sublimes 
as such or in the state of selenious atid: should any of the latter go over 
into the water it would there be reduced by the sulphurous acid. 
(Turner, Elem. of Chem.) 

Selenium, when cooled after fusion, has a reddish-brown colour, and 


dim metallic lustre; its fracture is of a lead-gray colour. Its specific 


gravity is 4°32. Specific heat = 0° 0837. (Reenauur.) Obtained from 
its solutions by precipitation upon zine, it is red, but becomes black when 
boiled in water. A dilute solution of selenic acid mixed with sulphurous 


z acid, and exposed to light, becomes covered with a film of reduced 


selenium of a gold colour. When fused, and very slowly cooled, its 
surface is gray and granular, without lustre: and its fracture dull, like 
that of metallic cobalt. It is brittle, soft, and easily reduced to powder. 
Under certain circumstances, it assumes a prismatic crystalline texture, 
but not very distinct. In thin layers it is transparent, transmitting red 
rays; it is softened by heat, becoming semifluid at 212°, and perfectly 
fusing at a temperature somewhat higher; it remains for some time soft 
on cooling, and may be drawn out into filaments like sealing-wax, which 
are of a gray metallic lustre by reflected light, but by transmitted light of 
a clear ruby-red. Heated in a tube or small retort nearly to redness, or 
about 650°, it boils, and is converted into a yellow vapour of a deeper 
colour than chlorine, which condenses into black drops that run together 
like quicksilver. Heated in the open air it rises in vapour, which may be 
condensed into a red powder. It is characterized by tinging the flame of 
the blowpipe of a light blue colour, and by exhaling, when strongly 
heated, a peculiar and highly diffusible odour of decayed horseradish. 


SELENIUM AND Oxyaren.—These bodies appear to unite in three 
proportions, forming an oxide and two acids. 


SELENIous OxipE; OxipE or SELENIUM (S@+ 0), is formed by heat- 


- ing selenium in a limited quantity of atmospheric air, and washing the 


product to separate a portion of acid which is at the same time formed. 
The characters of this compound have not been accurately examined, nor 
has its composition been ascertained: it is sparingly soluble in water, and 
passed through alkaline solutions, imparts to them its peculiar odour, 
but is not absorbed: it does not redden litmus. It appears to be the 
cause of the peculiar. odour emitted during the oxidation af selenium. It 


_ probably consists of 


Selenium . 1 Pa 40 yy 883 
Oxygen .. 1 oi4e8 8 ne, 167 
I 46 100-0 
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Setentous Actp. (S€+ 20) or Sé.—When a current of oxygen gas is 
passed over selenium, heated to its boiling-point, it burns with a pale 
bluish-green flame, and this acid sublimes and condenses in long brilliant 
prismatic crystals, provided the vessel into which it is received is cold 
and capacious; otherwise, the sublimate is semifused and semitrans- 
parent: this is dry selenious acid: it loses its transparency by exposure to 
air, and rapidly absorbs water. Exposed to heat, the water separates 
again before the acid rises in vapour. Selenious acid may also be 
obtained by digesting selenium in nitric or nitrohydrochloric acid till 
entirely dissolved, and then evaporating to dryness. Its taste is sour and 
hot; its odour, when sublimed, acrid, but not like that of the oxide. Itis 
very soluble in warm 4Avater, and the solution furnishes crystals of 
hydrated acid. It also dissolves in alcohol, and the solution furnishes, 
on distillation, a liquid of an ethereal odour. If this alcoholic solution 
be mixed with sulphuric acid, and then distilled, the product has an 
odour so insupportable, that Berzelius was unable to proceed in its 
examination. . 

The selenious acid and its salts may be decomposed by mixture with 
solution of sulphite of ammonia and the addition of anacid. Sulphurous 
acid is liberated, and the selenium is slowly reduced, the solution first 
acquiring a yellow colour, and in the course of some hours depositing red 
flocculi of selenium: this effect is accelerated by a boiling heat. This 
acid forms precipitates in the solutions of silver and of lead; its neutral 
salts with alkaline bases convert vegetable blues to green, and redden 
turmeric. Jt combines also in two and four proportionals with certain 


bases, so that it forms selenites, biselenites, and quadriselenites. It forms 


very few subsalts. 

The proportion of oxygen. in this acid is, to. that contained in the 

bases to which it unites to form neutral salts, as two to one; so that it 

may be considered as a compound of 
Berzelius. 


Selenium Weds Ge AO cacao. are 71:261 
Oxygen os 2 aegis 16 oe ABS] ae eo eee ee 
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— 


Selenious acid 56. J00°00 100°000 


Senentc Acip. (S€+30) or $€’.—This acid was first described by ~ 
MM. Mitscherlich and Nitzsch. (Ann. de Chim. et Phys., vol. xxxvi., 


p- 100.) It is obtained by fusing selenium, or selenious acid, or any of 
its salts, or a metallic seleniuret, with nitrate of potassa or of soda: 
seleniuret of lead, as the most common ore containing it, has generally 
been used: it is to be digested in hydrochloric acid, to separate carbon- 
ates, and the residue mixed with its weight of nitrate of soda, and gradu- 
ally thrown into a red-hot crucible; the fused mass is then well washed 
in hot water, which dissolves the alkaline seleniate and the nitrate: this 
solution, quickly boiled down, deposits seleniate of soda, and this being 
separated, the nitrate crystallizes on cooling; the mother-liquor again 
boiled deposits more of the. seleniate, and in this way the salts may be 
separated; for the seleniate, like sulphate of soda, is more soluble in 
water at about 90° than at 212°. The scleniate of soda thus obtained is 
not quite pure; if it be mixed with hydrochlorate of ammonia and heated, 
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nitrogen and water are evolved, selenium sublimes, and chloride of sodium 
is formed: the selenium is now pure, and may be converted by nitric or 
nitrohydrochloric acid into selenious acid, neutralized with soda, and this 
converted into seleniate by fusion with nitrate of soda, solution, and crys- 
tallization, as before. The solution of this pure seleniate may now be 
decomposed by nitrate of lead; the insoluble seleniate of lead is well 
washed and diffused through water, into which a current of sulphuretted 
hydrogen is passed to precipitate the lead: the liquid is boiled, to evapo- 
rate excess of sulphuretted hydrogen, and is now dilute selenic acid. Its 
purity, as respects fixed bodies, is determined by its perfect volatility; 
if sulphuric acid be present, it may be ascertained by boiling a portion 
with hydrochloric acid, which produces selenious acid, and then testing 
by chloride of barium. 

Selenic acid is a colourless liquid, which may be heated to about 536° 
without decomposition; it is partially changed at higher temperatures; 
and at 554°, is rapidly resolved into selenious acid and oxygen. When 
concentrated, by exposure to a temperature of about 329°, it acquires a 
specific gravity of 2°524; at 513°, it is 2°6: it may be rendered some- 
what denser by evaporation at higher temperatures; but in that case a 
portion of selenious acid is formed in it; and it is impossible to expel 
the whole of its water without decomposition: it is unknown in its 
anhydrous state. 

Selenic acid has a strong attraction for water, and evolves much 
heat when mixed with it; sulphuretted hydrogen does not decompose it, 
and hence that gas may be used to decompose some of the metallic sele- 
niates. When boiled with hydrochloric acid, selenious acid and chlorine 
are produced, so that the selenio-hydrochloric acid dissolves gold upon 
the same principle as the nitro-hydrochloric. It dissolves zinc and iron 
with the evolution of hydrogen; and copper, with the production of 


selenious acid; it also dissolves gold, but not platinum; sulphurous acid, 


which decomposes selenious acid, has no action on selenic acid; so that 
to decompose selenic acid in this way, it must first be boiled with hydro- 
chloric acid, which converts it into selenious acid, and the sulphurous 
acid, or a sulphite, then effects the separation of selenium. The affinity 
of selenic acid for bases is little inferior to sulphuric acid, for seleniate of 
baryta is not completely decomposed by sulphuric acid. 

From the resemblance, in crystalline form, of the seleniates to the 
sulphates, Mitscherlich inferred that the proportion of oxygen in seleni¢ 
acid should correspond to that in sulphuric acid; that it should be to the 
base as three to one; and to that in the selenious acid as three to two. 
These views were confirmed by experiment; the selenic acid, therefore, 


consists of 

Mitscherlich. 
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_ SELENIUM AND Cutormne.—When chlorine is passed over selenium, 
it is absorbed with the production of heat, and a brown liquid chloride 


of selenium (S€+ 2C), results, not very volatile, heavier than water, and 
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gradually resolved by the action of water into hydrochloric and selenious 
acids. 

Exposed to excess of chlorine, this deutochloride absorbs an additional 
quantity, and becomes converted into a white solid perchloride (SE + 3€), 
which volatilizes when heated, and condenses in the form of delicate 
crystals. It dissolves with the evolution of heat in water, producing a 
colourless sour solution, which probably contains muriatic and selenic 
acids. 


SELENIUM AND BrominE.—These substances readily combine with the 
evolution of heat into a reddish-brown fuming compound, having the 
odour of chloride of sulphur: it is converted by the action of water into 
hydrobromic and selenious acids. (Serunuas, Ann. de Ch. et Ph,, xxxv. 
349.) It is, therefore, probably a compound of 1 atom of selenium and 2 


of bromine. (S@+ 2b.) 
The codide and fluoride of selenium appear not to have been examined. 


SELENIUM AND Hyprocen; SELENIURETTED Hyprocen; Hypross- 


tentc Acip. (S@ + h) or Ase’—This gaseous compound may most 
easily be obtained by the action of hydrochloric acid upon seleniuret of 
potassium or of iron. It is colourless, and readily dissolves in water, 
forming a solution at first colourless, but after a time acquiring a reddish 
hue: the solution smells and tastes somewhat like that of sulphuretted 
hydrogen; it reddens litmus, and permanently tinges the skin of a 
reddish-brown. Nitric acid dropped into it occasions no change, and 
the gas does not readily escape from the water; but, when exposed to 
air, the solution gradually reddens, and deposits selenium. It occasions 
precipitates in all solutions of neutral metallic salts, which are black 
or dark-brown, with the exception of those from zinc, manganese, and 
cerium, which are flesh-coloured. 

Seleniuretted hydrogen is easily decomposed by the joint action of 
air and water; it is absorbed by moist substances, and soon communicates 
to them a red colour. The selenium is thus remarkably deposited 
throughout the texture of organic bodies. A piece of moist paper is 
penetrated by the red colour. Moist wood, and even a thin piece of 
caoutchouc, became in the same way red throughout. It exerts a 
dangerous action upon the trachea and organs of respiration; it inflames 
the eyes, and painfully stimulates the nasal membrane, destroying for 
some hours the sense of smell. Berzelius states that in the first experi- 
ments which he made upon this gas, he let up into his nostrils a 
bubble about the size of a pea. “It deprived me so completely of 
the sense of smell, that I could apply a bottle of concentrated ammonia 
to my nose without perceiving any odour. After five or six hours I 
began to recover the sense of smell, but a severe catarrh remained for 
about fifteen days.” On another occasion, a little of the gas accidentally 
escaped; it produced a sharp sensation in the nose, red eyes, and a dry 
and painful cough, at length succeeded by expectoration tasting like the 
vapour from a boiling solution of corrosive sublimate. These symptoms 
were removed by a blister to my chest. The quantity of seleniuretted 
hydrogen gas which on each of those eccasions entered into my organs of 


Se ee Se Os 


ea re 


SELENIUM AND SULPHUR. 507 


respiration, was much smaller than would have been required of any 
other inorganic substance whatever to produce similar effects.” (Ann. 
of Phil., xiv. 101.) Dr. Prout, in his Bridgewater Treatise, quotes the 
above passage, to show how small a quantity of foreign matter may, 
when diffused in the atmosphere, produce powerful effects upon the 
human system, and suggests the possibility of some such cause, as the 
origin of influenza, and some other epidemic disorders. 

The specific gravity of seleniuretted hydrogen has not been ascer- 
tained, but from its analysis (Berzentus, Ann. de Ch. et Ph., ix. 335), it 
appears to consist of 

Berzelius. 
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Seleniuretted hydrogen 1 41 100-00 100°0 


SELENIUM AND Nirrocen have no mutual action, nor does selenium 
absorb ammonia; but when seleniuret of calcium and hydrochlorate of 
ammonia are mixed and distilled, a red fluid is obtained, of an hepatic 


odour, and decomposed by exposure to air, exhaling ammonia, and 
leaving selenium. 


SELENIUM AMD SuLpHuR; SuLPHURET of SeLentum.—Sulphur and 
selenium may be mixed by fusion in all proportions. An addition of 
about one per cent. only of sulphur renders selenium more red, fusible, 
and transparent when cold. A true sulphuret of selenium may be 
obtained by passing sulphuretted hydrogen into a solution of selenious 
acid: the fluid becomes turbid, and acquires a fine yellow colour, but 
the precipitate is long in separating, unless a little hydrochloric xed be 
added: when warmed, it acquires a red colour and viscid texture, and 
may be distilled, without decomposition, at high temperatures. It is 
_ slowly acted upon by nitric acid, but nitro-hydrochloric acid easily decom- 
poses it; it is soluble in the caustic fixed alkalis, and in their hydro- 
sulphurets, forming yellow solutions, from which acids precipitate it. 
Burned in the air, it at first exhales a sulphurous odour, but afterwards 
the smell of horseradish prevails. It is a bisulphuret of selenium 
(S@+ 2S), for it consists, according to Berzelius, of 

Berzelius. 
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SELENIUM AND Puospnorus; Paospuurer or SeLENtuM.—Dropped 
into melted phosphorus, selenium forms a red compound, apparently 
soluble in all proportions in the fused phosphorus. When phosphorus is 
saturated with selenium, an easily-fusible compound results, which, on 
cooling, acquires a brown lustre and. vitreous fracture. When this 
phosphuret of selenium is digested in water, a small portion of the phos- 
phorus is oxidized, and the water acquires the odour of seleniuretted 
hydrogen, and deposits selenium when exposed to the air. The com- 
pound is dissolved when boiled in caustic potassa, and the solution 
contains phosphate and hydroseleniuret of Paasse, (BERZELIUs, Ann, de 
Ch. et Ph., ix. 238.) 


Bisulphuret of selenium 
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§ XI. CARBON. 


THE purest form of this elementary substance is the diamond, a mineral 
body first discovered in Asia, in the provinces of Golconda and Visapour, 
in Bengal, and in the island of Borneo. About the year 1720, diamonds 
were first found in the district of Serra Dofrio, in Brazil, and from this 
locality the European market is now chiefly supplied. They occur in 
detached crystals in alluvial soil; though it appears probable, from a 
specimen described by Mr. Heuland (Geol. Trans., 2nd series, i. 419), 
that in Brazil the real matrix is an iron-stone which forms beds resting 
on primary chlorite slate. According to Mr. Voysey, the diamonds of 
the Nalla Malla Mountains, in Hindostan, are found in a species of 


pudding-stone or breccia, composed of fragments of jasper, quartz, and — 


calcedony. (Phil Mag., 2nd series, i. 147.) The primitive form of the 
diamond is the regular octoédron, each triangular facet of which is 
sometimes replaced by six secondary triangles, bounded by curved lines; 
so that the crystal becomes spheroidal, and presents forty-eight facets. 
Diamonds, with twelve and twenty-four facets, are not uncommon. 
(Jameson's Mineralogy, 2nd edit., vol. i. p. 1.) The diamond has been 
found nearly of all colours: those which are colourless are most esteemed ; 
then those of a decided red, blue, or green tint. Black diamonds are 
extremely rare. Those which are slightly brown, or tinged only with 
other colours, are least valuable. 

The fracture of the diamond is foliated, its lamine' being parallel to 
the sides of a regular octoédron. It is somewhat brittle but very hard; its 
specific gravity varies from 3:4 to 3:6, it is most commonly 3°52. It 
is a non-conductor of electricity, frequently phosphorescent (p. 217), and 


has a very high refractive power in regard to light, as compared with its 


density (p. 192). It is not acted upon by any acid or alkali. 

The art of cutting and polishing diamonds, though probably of 
remote antiquity in Asia, was first introduced into Europe in 1456, by 
Louis Berghen, of Bruges, who accidentally discovered, that, by rubbing 
two diamonds together, a new facet was produced. The particular 
process of forming the rough gems into brilliants and rose diamonds has 
been described at length by Jeffries. (On Diamonds and Pearls, 3rd 
edit., London, 1800.) By either of these processes, but especially by 
the former, so much is cut away, that the weight of the polished gem 
does not exceed half that of the rough stone; so that the value of a 
brilliant-cut diamond is esteemed equal to that of a similar rough 
diamond of twice the weight, exclusive of the cost of workmanship. 
The weight, and therefore the value of diamonds is estimated in carats, 
150 of which are about equal to one ounce troy, or 480 grains. They 
are divided into halves, quarters, or carat grains, eighth, sixteenth, and 
thirty-second parts. ' 

The difference of yalue between one diamond and another of equal 
merit, is, generally speaking, as the squares of their respective weights: 
. thus, the value of three diamonds, of one, two, and three carats’ weight 
respectively, is as one, four, and nine. The average price of rough 
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diamonds is estimated by Jeffries at 2/. per carat; and, consequently, 
when wrought, the cost of the first carat, exclusive of workmanship, 
will be 8/., which is the value of a rough diamond of two carats. 


as 

A wrought diamond of 3 carats is worth . « ‘ 72 
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This mode of valuation, however, only applies to small diamonds, in 
consequence of the difficulty of finding purchasers for the larger ones. 

The largest known diamond is probably that mentioned by Tavernier, 
in the possession of the Great Mogul: its size is about that of half a 
hen’s egg; it is cut in the rose form, and when rough, is said to have 
weighed 900 carats: it was found in Golconda about the year 1550. 
Among the crown-jewels of Russia is a diamond weighing 195 carats: it 
is the size of a small pigeon’s egg, and was formerly the eye of a Brah- 
minical idol, whence it was purloined by a French soldier; it passed 
through several hands, and was ultimately purchased by the Empress 
Catherine, for the sum of 90,000/. in ready money, and an annuity of 
4000/. Perhaps the most perfect and beautiful diamond hitherto found, 
is a brilliant brought from India by an English gentleman of the name of 
Pitt, who sold it to the Regent Duke of Orléans, by whom it was placed 
among the crown jewels of France: it weighs rather more than 136 
carats, and was purchased for 100,000/. In the year 1828, a collection 
_ of diamonds of extraordinary size and beauty was in the possession of 
Messrs. Rundell, Bridge, and Co., of London: the suite consisted of 
eight, of various shapes and sizes, the smallest weighing 55 grains, and 
the largest 151 grains: with one exception they were all brilliant cut. 

The principal use of the diamond is in jewellery, but it is also 
importantly applicable in some of the arts; in consequence of its extreme 
hardness it is employed for the pivot-holes in delicate watch and clock- 
work, and it has been used to form the holes through which extremely 
fine wires are drawn: it also furnishes the only convenient tool for 
cutting glass; for this purpose the edge of one of the small curvilinear 
crystals is used, for the edges of the crystals formed by flat plates only 
scratch, without producing that peculiar fissure by which the glass can 
be smoothly split. Microscopic lenses have also been formed of diamond. 


CuarcoaL.— This is another well-known form of carbon: it is 
obtained in abundance by the destructive distillation of various organic 
products, and its characters and properties vary with its source. It may 
be prepared by heating pieces of wood in a close vessel, or in a crucible 
covered with sand, to redness, and keeping them in that state for about 
an hour, or till all volatile matters are expelled. They are thus converted 
into a black brittle porous substance, which appears to be essentially the 
same, from whatever kind of wood it has been procured. 
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Common charcoal, employed as fuel, is usually made of oak, chest- 
nut, elm, beech, or ash wood, the white and resinous woods being seldom 
used. Young wood affords a better charcoal than large timber, which is 
also too valuable to be thus employed. ‘The billets are formed into a 
conical pile, which, being covered with earth or clay, is suffered to burn 
with a limited access of atmospheric air, by which its complete com- 
bustion, or reduction to ashes, is prevented, (See Urn’s Dict. of Arts, 
Art. CHARCOAL.) 

Another, and a more perfect mode of preparing charcoal, consists in 
submitting the wood to a red heat in a kind of distillatory apparatus 
consisting of cast-iron cylinders, from which issue one or more tubes for 
the escape of gaseous matters and vapours. The makers of gunpowder 
particularly prefer this process. (A plate of this apparatus is given in 
Parxes Chemical Essays.) 

The quantity of charcoal obtained from different kinds of wood is 
liable to much variation, The following table drawn up from the 
experiments of Allen and Pepys (Phil. Trans., 1807), and of Griffiths 
(Quar. Jour., xvi, 264), shows the produce of charcoal from 1000 parts 
of several varieties of dense and light woods. 


Ebony : ‘ » 3805 | Box s é , . 202 
Botany Bay-wood . F 281 Fir ia ‘ ; 181 
Brazil-wood . j - 260 Lignum-vitee . iclio 
Eveoas-wood . ‘ 225 Oak : 5 , 174 
King-wood ‘ -. 220 Mahogany . si 3 157 
Tulip-wood ‘ . 208 Beech ; « : : 159 
Satin-wood < ¢ 8 » 207 


Charcoal is a black, insoluble, inodorous, insipid, brittle, substance m 


an excellent conductor of electricity, but a bad conductor of heat; 


unchanged by the combined action of air and moisture at common tem- 
peratures, and easily combustible in oxygen gas. Its specific heat, as 


estimated by Regnault, is 0°24111; the ayerage, as given by Dulong and 
Petit, is 0°25. When pure it is perfectly infusible at all known tempe- 
ratures; in the cases in which it was supposed to have been fused, some 
impurities apparently have existed in the charcoal employed; upon this 
subject a series of experiments have been published by Silliman (Quarterly 
Journ., xvi. 157). Under common circumstances of ignition it does not 
appear to volatilize, bat from the experiments of Leplay and Laurent 
(Ann. C. et P., uxv. 417), it seems not improbable that in the process of 
steel-making the penetration of iron by carbon may be partly due to its 
volatility. It is capable of destroying the smell and taste of a variety of 
vegetable and animal substances, and of abstracting certain substances 
dissolved in fluids. _(Lowitz, Crett’s Annals, ii. 165.) The use of 
charring piles; of throwing charcoal into putrid water; of wrapping it in 
clothes that have acquired a bad smell; of adding it to port wine, with a 
view of making it tawny, depends upon the above properties. M. Bussy 
has published some interesting observations on the discolouring power of 
charcoal, in the Journal de Pharmacie for June, 1822, of which an 
abstract will be found in the Quarterly Journal, xiii. 406. It appears 
from his experiments, that certain physical conditions are requisite for 
the manifestation of this property, especially porosity and minute division, 
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and that it is not possessed by any hard and brilliant charcoal even when 
_ finely powdered. Upon this principle, he accounts for the superior 
efficacy of the charcoal obtained by burning animal substances, over that 
-of vegetables, in the destruction of colour. According to Payen, animal 
charcoal, boiled with lime-water, deprives it entirely of lime, an effect 
not produced by lamp-black or vegetable charcoal. (Quarterly Journal; 
_ xy. 384.) Well-burned charcoal shaken with water contaminated by 
sulphuretted hydrogen, entirely deprives it of that gas, so that when 
Aske it is not only inodorous, but is not discoloured by solution 
of lea 
| Newly-made charcoal has the property of absorbing certain quantities 
of the different gases. Upon this subject the experiments of M. Theodore 
de Saussure are the most recent. (Tuomson’s Annals, vol. vi.) The 
_ charcoal was heated red-hot, then suffered to cool under mercury, and 
introduced into the gas. The following are the volumes of different gases 
absorbed by a volume of charcoal = 1. 


ee ee ae 


/ Ammonia . - : ‘ 90 Bicarburetted hydrogen . 35 
Hydrochloric acid . : . 85 Carbonic oxide , . » 9°42 


2 Sulphurous acid . ; 65 Oxygen . ; ° : 9°25 
‘i. Sulphuretted Biogas : Oo Nitrogen . o 75 
: Nitrous oxide , . ; 40 Carburetted hydre ogen : 5 

t Carbonic acid ’ ; . 35 Hydrogen . 2-2 Relies 


The absorption was always at its maximum at the end of tw enty-four 
hours, not being increased by retaining the charcoal in the gas. When 
parcel, already saturated with any one gas, is put into another, it gives 

ut a portion of the gas already absorbed, and takes up a portion of the 
new gas. It would also appear that this absorptive quality partly 
depends upon the mechanical texture of the charcoal, and consequently 
will vary in the different woods; for, by exposing the charcoal of different 
woods to air, Allen and Pepys found that they ingreaged very differently 
- in weight. 


i) 
By a week’s exposure, charcoal from 
Lignum-vitee gained . 9°6percent. | Beech ; : - 16°3 per cent. 
Maes os 180 G, Dalek! sawn uses Nese tes 
Box. : . 4, £40 ts Mahogany , . 180 98 


The matter absorbed in these cases consisted principally .of aqueous 
vapour, which is very greedily imbibed by newly-made charcoal. 

According to Vogel, when recently-ignited charcoal, which has been 
cooled under mercury, is put into a jar of atmospheric air, it absorbs the 
oxygen of the air to a much greater extent than the nitrogen. (ScHWEIc- 
GER's Journal, iv.) A piece of well-burned charcoal cooled under 
mercury and then introduced into a mixture of oxygen and sulphuretted 
hydrogen gases rapidly absorbed them, and then became ignited and 
caused explosion. (A. Taytor.) 


Woop Cuarcoat generally contains about one-fiftieth of its weight of 
alkaline and earthy salts, which remain in the form of ash, after its com- 
bustion, but the quantity and quality of this ash vary considerably in 
different trees and plants. 
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AnimMAL Cuarcoat, obtained by the carbonization of animal sub- 
stances, such as muscle, horn, or hoof, resembles the former in its general 
characters, but instead of retaining the form of the matter from which it 
is produced, as isthe case with the generality of vegetable charcoal, it _ 
appears as ifit had undergone fusion, and often has a peculiar lustre and 
sponginess. The residuary charcoal, obtained by the distillation of bone, 
is called ivory-black in commerce, and is very impure, being mixed with. 
the phosphate of lime and other salts contained in the earthy part of the — 
bone, so that for many purposes it requires to be freed from its earthy — 
salts by digesting it in dilute hydrochloric acid, and then washing — 
and drying it; but by this process its discolouring power is greatly 
impaired. Some of the peculiarities of animal charcoal as regards the — 
destruction of odours and colour have already been mentioned, and have 
been referred to its peculiar texture, rather than to any peculiarity of com- 
position, charcoal being essentially the same, under all its various forms. 
When vegetable matter, for instance, mixed with earthy substances are 
charred, they yield a product the properties of which resemble those of 
animal a OE thus a mixture of 100 parts of thin pipe-clay, 20 of tar, 
and 500 of powdered coal dried and calcined, gave a charcoal of 
decolourizing power. Of the different kinds of charcoal us 
ation, bone charcoal, or ivory black, is most feeble, nh it is “far 
superior to the best wood charcoal. \ ‘The following tal hows the 
efficiency of several varieties of these charcoals comps vith ivory- — : 
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black. Column I. represents 1 gramme (or 15:4 grains) of the different 
kinds of charcoal experimented on. Column I chowd fh quantity of 
test indigo liquor (in grammes) decoloured by each gramme of the 
respective charcoals; this indigo liquor contained one-thousandth o 

- indigo, so that each gramme of the decoloured liquor represents athousandth 
of a gramme of indigo absorbed by the charcoal. Column III. shows they : 
relative decolouration of a solution of ] part of raw sugar in 20 of water, 
also in grammes. Column IV. shows the relative decolouration of the. 
indigo, and Column YV. that of the brown ee - Bein ee to, the effect 


of ivory-black. rege nA a“) 
I. Il. | gabery “0¥se eae 
. Common bone charcoal, or ivory-black : =i ee 9 | 1-00 100 


] 

2, Oil charred with phosphate of lime : : 64 17° | 2:00 31°90. = 
3. Bone charcoal washed with hydrochloric acid P 60 15 1°87") "1560.78 
“4, No. 3 calcined with carbonate of potassa . 4 1450 | 180 | 45°00 | 20:00 ~~ 
+3) 
6. 
i: 


. Calcined lamp black ; ‘ | A288 30 4:00 | 3°30 | 
No. 5 calcined with carbonate of potassa at: toe 550 | 90 | 15°20] 10:60 
Charcoal of carbonate of soda ae aa yl 380 ee 

phosphorus . ‘ . 
8. Charcoal of acetate of potassa : ‘ 180 40 | 5°60 | 4:40 = 
9. Starch calcined with carbonate of potassa Ve 340 80 | 10°60 | 880 
0. Albumen or gelatin calcined with carbonate a 1115 | 140 | 35-00 

potassa . ° ° 
11 Blood charred with phosphate of lime ole : 380 90 | 12:00 | 10-00 
12, Blood charred with carbonate of lime . : .| 570 | 100 | 18°00 | 11-00 
13. Blood charred with carbonate of potassa . - 11600 | 180 | 50-00 | 20-00 
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LAmp-BLAcK is prepared principally by the combustion of refuse and. 
residuary resin, left by the distillation of turpentine. It is burned in a 
furnace, so constructed that the dense smoke arising from it may pass into 
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_ chambers hung with old sacking, where the soot is deposited, and from 
_ time to time swept off, and sold without any further preparation. (Ark1n’s 
Dictionary, Art. Charcoal. Dumas, Chim. App. aux Arts.) When 
_lamp-black has been heated red-hot, it may ‘be regarded as a very 
_ pure form of charcoal, for it burns entirely away, and leaves no resi- 
_ duary ash: when, however, the products of its combustion are closely 
- examined, it is found to yield traces of water, and therefore probably 
contains hydrogen in chemical combination. A substance analogous to 
I: mp-black is obtained by passing the vapour of certain oils, and of 
_ hydrocarbonous compounds, through red-hot tubes; at that high tempe- 
_ rature they are more or less perfectly decomposed, and let fall a quantity 
of very impalpable charcoal, in which, however, as in lamp-black, traces 
_ of hydrogen may be detected. One of the principal uses of lamp-black is 
_ in the manufacture of printer’s-ink. For this purpose it has lately 
_ been obtained by the combustion of purified coal-tar. (Urn’s Dict. of 
Arts, Art. Black.) 


Coat-Gas CuaRcoaL.—A very singular form of charcoal is occasionally 
posited in coal-gas retorts, and in the tubes connected with them, - 


nd it breaks with an earthy fracture: its specific 
it sometimes happens that the gas escapes through 
in rt, in which case a peculiar carbonaceous deposit 
on the surrounding brick-work, of a stalactitic character, an iron- 
lour, and considerable lustre; it does not easily burn, nor does it 
he fingers; and some specimens, as far as mere appearance goes, 
t be considered as metallic. Its specific gravity is about 1°75. 
e years ago, Mr. Charles Macintosh, of Glasgow, made steel by passing 
l-gas over ignited iron, placed in an air-tight iron chest: in this process 
much carbon was deposited in various states, but some of it assumed the 
remarkable form of capillary filaments, and tufts of a metallic lustre ; they 
e very difficult of combustion, but when deflagrated with nitre yielded 
trace of iron, and were apparently pure carbon. All these forms of 


me 


- >LUMBAGO. GrapPuitE. Brack Leap.—This substance must be con- 
ered as one of the forms of carbon. It is well known in the manufac- 
e of pencils, for which purpose it is almost exclusively obtained from — 
mine of Borrowdale, at the west end of Derwent Lake, in Cumberland, 
where it was first wrought during the reign of Elizabeth. In a less pure 
_ State it is not an uncommon mineral, occurring in detached masses gene- 
‘rally in primitive rocks. It is of an iron-gray colour, metallic lustre, and — 
_ soft and greasy to the touch: its specific gravity varies from 1-9 to 2:3; 
‘i occasionally occurs crystallized in hexangular plates ; it conducts electri- 
city, is infusible, and very difficult of combustion: when burned in a. 
‘Stream of oxygen gas, it leaves a small quantity of yellow ash, composed 
chiefly of oxide of iron, but varying in quantity in different specimens. 
_ According to Vanuxen (Sintiman’s Jour., x 105), the following are the 
components of three varieties of this mineral; the two first are the pure 
Zi 21 
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and impure varieties from Borrowdale, and the third a pure ge aie a 
from Bustletown, Pennsylvania. 
; 1: 2. 3. 
Carbon . : f , > 88°37. 1.3 eB EZT Or. Seo 5 
‘Water : ° ‘ . 1°23). acs okt O53 a ae 
Silica . : : : iy LD et LO oy 8 ae ; 
Alumina . : LOG, CPSP 2 eee 
Oxides of iron and manganese . 3:60.23) 8F “2000 1GT ae tet 
99°30 99-90 100°0 - 


Schrader analyzed the ashes remaining after the combustion of 200 _ 
grains of English and 200 grains of Spanish plumbago, with the lowing 4 
results. (Ann. of Phil., i. 294.) - 


Borrowdale. Spanish. 

Protoxide of iron . . 11°6 tikes 14°2 

Sihea <> “ 4 pantie, iy 3°0 

Alumina . ; : 4°6 om 2°4 

Oxide of copper. : - 00 he 10 

Titanic acid A * - ~ ee GS es 3'1 
29°5 23°7 
It seems, probable, therefore, that in plumbago the oxide of iron is : 
in combination with titanic acid and silica, and not with the carbon so as ’ 
to constitute a carburet of iron. Some specimens, indeed, as those from — 
Barreros in Brazil, scarcely contain a trace of i iron, — ., q 
er 


AnturacitE. Mrinerat Cuarcoan. Guance-Coau.—The culm of — 
Wales, and the Kilkenny-coal of Ireland, are species of this mineral. It | 
much resembles common coal in appearance, but is difficult of combustion, 
and burns without flame, smell, or smoke, and leaves very little ash. Tts 
specific gravity is about 1:4. ; an 


Coxe is the carbonaceous residue of the distillation of pit-coal ; it has 
a porous texture, and more or less lustre, frequently appearing metallic; — 
in small fragments it is very difficult of combustion in the flame of a — 
candle, but when employed in large masses as fuel, it produces an intense 
and steady heat. It varies extremely in purity, but when carefully 
prepared from the purest varieties of coal, it leaves very little residue 
after combustion. 

Such are the principal varieties of carbon: the diamond appears to 
be this element in its pure form, for it burns away without residue, and 
affords no appreciablé traces of any foreign matter: the other forms of — 
carbon, on the contrary, yield indications of extraneous substances, such 
as hydrogen, or metals, or their oxides, They are all infusible, and the 
porous varieties are very bad conductors of heat: with the exception of 
the diamond, they conduct electricity, but some of them more perfectly 
than others, and plumbago and very dense and well-burned wood-charcoal 
almost rival some of the metals in this respect; this circumstance, and the 
strong lustre of some of the species of charcoal, seem almost to justify — 
Débereiner in placing it among the metals under the name of-Carbonium. 


_— oa 


CARBON AND Oxycen.—Though these substances possess for each 
other a very powerful affinity, they do not combine at common tempera-. 
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tures: to this remark, however, there are, perhaps, some exceptions, and 
it appears that certain forms of carbon may exist, which produce carbonic 
acid whenever they come into contact with oxygen; these are, probably, 
peculiar to organic combinations. 

There are three definite compounds of carbon and oxygen; namely, 
the carbonic oxide, carbonic acid, and oxalic acid; the oxalic acid is 
exclusively derived from organic products, and, in all its chemical rela- 
tions, is so connected with the vegetable acids, that I shall refer it and 

_ its combinations to that class of bodies: Débereiner has termed it the 
_ carbonous acid; but, as Berzelius observes, there is not that analogy 
between the oxalic and carbonic acids that exists in reference to the 
sulphurous, and phosphorous, and sulphuric, and phosphoric acids, and 
which would justify such nomenclature. LL. Gmelin includes croconic acid 
among the combinations of carbon and oxygen: it is produced during the 
action of charcoal upon carbonate of potassa at high temperatures, (see 
Potassium,) and consists according to Gmelin of 5 atoms of carbon and 
4 of oxygen, if supposed anhydrous. The mellitic acid in its anhydrous 
_ state is also placed by Liebig and Wéhler among the acids of carbon, 
containing 4 atoms of carbon and 5 of oxygen. We shall here limit 
_ ourselves to the history of carbonic oxide and carbonic acid; but assuming 
_ the existence of anhydrous oxalic, croconic, and mellitic acids, we have 
_ the following formule of the combinations of carbon and oxygen :— 


(Car+ 0) = carbonic oxide 
(Car +20) = carbonic acid 
, (2Car +30) = oxalic acid 
“a (5CAY +-40) = croconic acid 
‘ (4CQr +50) = mellitic acid. 


_ Carsonic OxtpE. Gaszous Oxipe or Carpon. (CAP+ 0) CO orG. 
‘This gas, which was discovered by Dr. Priestley (Obs. on Air, i. 298), ig 
usually obtained by subjecting carbonic acid to the action of substances 

_ which abstract a portion of its oxygen. Upon this principle it is produced’ 
_ by heating in an iron retort, a mixture of chalk and charcoal 3; or of equal 
_ weights of chalk and iron or zine filings. It is also obtained by heating 
a mixture of equal parts of oxide of zinc and charcoal; but the mixture 
_ that affords it most pure is equal parts of carbonate of baryta and clean 
iron-filings; these should be introduced into a small earthen retort, so as 
“nearly to fill it, and exposed to a red heat: the first portion of gas being 
_ rejected as mixed with the air of the retort, it may afterwards be collected 
quite pure: it should, however, be well washed with lime-water, and may 
afterwards be preserved over water. Carbonic oxide may also be obtained 
by gently heating oxalic acid with five or six times its weight of sulphuric 
acid; the mixture effervesces. in consequence of the evolution of equal 
volumes of carbonic oxide and carbonic acid gas; the latter may be 
abstracted by a caustic ‘alkaline solution, and pure carbonic oxide gas 
remains. (Dumas, Edinburgh Journal of Science, vi. 350.) In this case’ 
the evolution of carbonic oxide is caused by the abstraction of water from 
oxalic acid which contains in its anhydrous state the elements of ] atom 
of carbonic oxide and ] atom of carbonic acid, but these can. only exist 
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as oxalic acid when in union wiih water, or with a base, anhydrous oxalic 
acid not having been isolated. It not unfrequently happens that carbonic 
oxide is formed by the combustion of carbon when the supply of oxygen 
is inadequate to the production of carbonic acid: hence the lambent blue 
flame which sometimes plays upon a coke or charcoal fire, or is seen to 
issue from certain furnaces. 

The nature of carbonic oxide was first made known by Mr. Cruick- 
shank, of Woolwich, in 1802 (Nicuoxson’s 4to. Journal, v.); and about 
the same time it was examined by Clement and Desormes. (Ann. de 
Chim., xxxix. 26.) 

The specific gravity of this gas compared to hydrogen is as 14 to J; 
and to atmospheric air as 0°972 to 1000; 100 cubical inches weighing 
30:2 grains. (At the temperature of 32° 100 cubic inches weigh 31°8790 
grains. Tomson.) It is fatal to animals, and produces giddiness and 
fainting when respired mixed with atmospheric air. (Phil. Mag., xuiii. 
367.) When breathed pure it almost immediately induces profound 
coma. It extinguishes flame, and burns with a peculiar blue light, 
when mixed with, or exposed to, atmospheric air. Sir H. Davy found 
that the temperature of an iron wire heated to dull redness, was sufficient 
to inflame it. It has no taste and little odour, it does not affect vegetable 
colours, occasions no precipitate in lime water, and is very sparingly 
absorbed by water which has been deprived of air. When burned under 


; 
se 
¥ 
F 


a dry bell-glass of air or oxygen, no moisture whatever is deposited, — 


showing that it contains no hydrogen. 

Carbonic oxide suffers no change by being passed and repassed 
through a red-hot porcelain tube; nor is it decomposed at high tempe- 
ratures by phosphorus, sulphur, nor even, according to the experiments 
of Saussure, by hydrogen (Journal de Physique, uv.), though it is stated, 
upon other authorities, that at high temperatures hydrogen does decom- 
pose it. When one volume of carbonic oxide is detonated with one of 
nitrous oxide, there result one volume of carbonic acid and one of nitro- 
gen. (Henry, Ann. of Phil, N..S., viii. 299.) On this principle is 
founded a method of ascertaining the purity of nitrous oxide, it being 


implied, that that gas is free from nitric oxide. Let a given volume, say — 


100 measures, be exploded with slight excess of carbonic oxide,—if the 


nitrous oxide be pare, 100 measures of carbonic acid should be produced, 


and whatever is short of that proportion may be ascribed to impurity. 
None of the metals exert any action upon this gas, except potassium and 
sodium, which, at a red heat, burn in it by abstracting its oxygen, and 


carbon is deposited. Dr. Henry found, that when a mixture of carbonic — 


oxide with more than half its volume of oxygen is exposed over mercury 
in contact with spongy platinum, to a temperature between 300° and 310°, 
it begins to be converted into carbonic acid, and, at a heat a few degrees 


higher, is quickly acidified. At common temperatures these mixtures _ 


are very slowly acted on. When carbonic oxide is added in an equal — 


volume to a mixture of hydrogen and oxygen gases in explosive pro- 
portions, it prevents spongy platinum from causing detonation; but the 


gases slowly act on each other, and form water and carbonic acid. The 


platinum occasions mixtures containing less carbonic oxide to explode. 


(Phil. Trans., 1824, p. 271.) 
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The composition of carbonic oxide is determined by the result of its 
combustion with oxygen, with which it forms carbonic acid. In this 
case, when two volumes of carbonic oxide and one of oxygen are acted 
on by the electric spark, detonation ensues, and two volumes of carbonic 
-acid are produced: hence it follows, that carbonic oxide contains half as 
much oxygen, and the same quantity of carbon, as carbonic acid; if, 
therefore, we assume, that it is constituted of one volume of gaseous 
carbon, and one volume of oxygen, (the specific gravity of the vapour 
of carbon being 0°84, and the specific gravity of oxygen being ]:11,) 

0:84+4 1:11 


the specific gravity of carbonic oxide should be Gets au ee 
which agrees with the experimental result: or 
Grains. 
50 cubic inches of the vapour of carbon = 12°7 
50 me oxygen . ° = 173 
100 cm carbonic oxide . = 30° 


Assuming carbonic oxide to be a protoxide of carbon, the number 6 
“may be assumed as the equivalent of carbon, and carbonic oxide will 


consist of 

Gay Lussac. 
6 Pe! rere ss 
Bs S5AwST Tl BB 


Carbon . . 1 
Oxygen .. 1 
1 


14 100°0 100° 


Or, by volume, as follows:— 


t 
Carbon. . or Oxide, 
Oxygen. 
is 


It has been above observed (p. 163), that in order to assimilate the 
equivalent of carbon to that deduced from its specific heat, it wouldy 
require that it should be assumed as 6 x 2, or 12; in that case car- 
bonic oxide would be (CA? +20) and carbonic acid (CA +40), and the 
_ majority of the carbonates would become dibasic salts. In assuming 
the theoretical combining volume of carbon vapour to be half that of 
hydrogen, and to correspond with that of oxygen, I have been guided by 
Mitscherlich, as explained in a note referring to the constitution of car- 
bonic acid. I have adopted the number 6 as the equivalent of carbon, 
consistently with the theoretical view of Dr. Prout. Dr. Turner employs 
the equivalent 6°13, and Mr. Graham 6:12. Dumas has lately shown that 
6 is nearer the truth. 

Carbonic oxide is sometimes represented as performing the part of an 
elementary base; uniting, for instance, with oxygen to form carbonic 
and oxalic acids: with chlorine to form chlorocarbonic acid, and with 
amide to form oxamide; hence, in regard to oxalic acid, the term ozalyle. 
proposed for it by Berzelius. 


CarBoNIc OXIDE AND CHLORINE, OXYCHLORIDE OF CARBON. CuHLO- 
ROCARBONIC or CHLOROXICARBONIC AcID. Paoscene Gas. (CAF +04 C.) 
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—This gas was obtained by Dr. J. Davy (PAil. Trans., 1812, p. 144), — 


by exposure to solar light of a mixture of equal volumes of chlorine and 


carbonic oxide, hence its name, from das, light, and yevvewv, to produce. — 


It is also formed by exposing the mixed gases to ordinary daylight, but — 


‘several hours are required for the purpose. When perfectly excluded | 


from light these gases exert no mutual affinity. In the sunshine the 
mixture diminishes in bulk to half its original volume, and forms a com- 
pound of a very peculiar and pungent odour, but not disagreeable when con- 
siderably diluted. It reddens litmus; is soluble in water, and resolved 
by it into carbonic and hydrochloric acid gases. Alcohol takes up 12 
times its volume, and acquires a peculiar taste, and the odour of the gas. 
The specific gravity of chlorocarbonic acid to hydrogen is as 50 to 1, and 
to common air as 3°472 to 1. 100 cubical inches weigh about 106 grains: 
at 32°, 100 cubical inches weigh 113-85 grains. (Tomson. ) 

When tin or zinc are heated in one volume of this gas, they abstract 
and combine with the chlorine, and evolve one volume of carbonic oxide, 
hence chlorocarbonic acid consists of Or, by volume 


Carbon ] 627, 4" 2 
Oxygen . oe AA nO eo 
hiotne. oo. suatiagtle« i. 36%... 872 

+ 


Carbon. Chloro- 


-—_{ carbonic 


Chlorine. 


Acid. 


ak a Oxygen. © 


Chlorocarbonic acid 50 100 


Chlorocarbonic acid therefore, in reference to the theory of substitu- 
tions, has been regarded as carbonic acid in which one equivalent of oxygen 
is replaced by one of chlorine. 


CHLOROCARBONATE oF AmmMontd.—Chlorocarbonic acid condenses 
four volumes or two atoms of ammonia, producing a peculiar deliquescent 
compound of a white colour, which is resolved by the action of water 
into hydrochlorate and carbonate of ammonia. ‘This salt is also decom- 
posed by sulphuric, nitric, and hydrochloric acid, which evolve from it two 
volumes of hydrochloric and one volume of carbonic acid; it dissolves 
without effervescence in acetic acid, and sublimes unaltered, when heated 
in carbonic or sulphurous acid gas. 

its components are 


Cathode. lel oiccl BO eee 
Oxygen “ 
Chlorine . | Omer aso 


Nitrogen . 285" 4. 333 


84 100-0 1 84 100°0 
According to Regnault this compound contains sal-ammoniac and a 


compound of carbonic oxide and amide (+2 h): for 1 atom of chloro: 
carbonic acid and 2 atoms of ammonia contain the elements of carbamide 


a 


ee | ee a er 


1 


b, 


2. fe a rg toy Be he 


1 
; | 
Hydrogen. : MOLAR) cs 7} Ammonia ee Were ery 
I 


and hydrochlorate of ammonia (or chloride of ammonium), as follows:— 


carbonic acid monia of ammonium. 


(car +0+¢) + 2(n+3h) = (car+o+nt+e2h) + nzsh+e) 


1 at loro- . ide 
atom chloro | a {? atoms am i J atoniv ear Waa mele {1 atom chloride 


a 


CARBONIC ACID. 519 


CaRrBAMIDE, therefore, is a compound of 


Carbon f, UaEA C e pe reo 
Oxygen Urs... 20'o 


; = 1 carbonic oxidé..14. 46'S 
Nitrogen ». 1] 2.14. . 466 

2 

1 


} = Lamide Si om ee oa Cae Oo 


» Hydrogen a Pe) OG 


we 30 100°0 


Carbamide 30 100°0 


Carponic Activ. Fixep Arr, Axrriat Acip. (CA/+20) or Car’, 


or CO2 or C.—This important compound was discovered by Dr. Black, in 
1757, and described by him under the name of fixed air, in his inaugural 
dissertation on magnesia. It may be obtained by burning carbon, either 
pure charcoal or the diamond, in oxygen gas; the oxygen suffers no 
change of bulk, so that the composition of carbonic acid may be learned 
_ by comparing its weight with that of an equal volume of pure oxygen. 

Combustion of the Diamond.—The combustibility of the diamond 
seems first to have occurred to Newton. In the year 1694, the Flo- 
rentine Academicians verified his anticipations, and proved its destruc- 
tibility by heat by means of a burning lens. The products of its combus- 
tion were first examined by Lavoisier in 1772,.and subsequently with 
more precision by Guyton Morveau, in 1785. (Ann. de Chim., xxxi.) 
In 1797, (Phil. Trans.,) Mr. Tennant demonstrated the important fact, 
that when equal weights of diamond and pure charcoal were submitted 
to the action of red-hot nitre, the results were in both cases the same: 
and, in 1807, (Phil. Trans.,) the combustion of the diamond in pure 
~ oxygen was found by Messrs. Allen and Pepys to be attended with pre- 
cisely the same results as the combustion of pure charcoal. 

When the diamond is heated in the flame of the blow-pipe it soon 
begins to burn, and the combustion continues as long as the temperature 
is sufficiently high, but it does not produce heat enough, during its 
combination with the oxygen of the atmosphere, to maintain its com- 
bustion. If, whilst thus burning, it be introduced into a jar of pure 
oxygen, the combustion continues longer, and sometimes till the whole is 
consumed: the best support for it, in this experiment, is a small loop of 
platinum wire, or a very small and thin platinum spoon, perforated with 
many holes; in this it may first be intensely heated by the oxygen blow- 
pipe, and whilst burning, carefully immersed into a bottle of pure oxygen 
gas containing a little lime-water: a good cork, through which the wire 
of the spoon passes, should secure the mouth of the bottle: it will thus go 
on burning brilliantly for some time, and the formation of carbonic acid 
be shown by the milkiness of the lime-water. | 

The combustion of the diamond may be more perfectly effected by 
placing it upon a platinum capsule in a jar of pure oxygen inverted over 
mercury, and throwing upon it the focus of a burning lens. Sir H. 
‘Davy, when at Florence, in 1814 (Phil. Trans., 1814, p. 558), used for 

this purpose the lens employed in the first trials on the action of solar 
heat on the diamond, instituted by Cosmo III., Grand Duke of Tuscany: 
he found that the diamond continued to burn in the oxygen, after being 
- withdrawn from the focus, with so brilliant a light as to be visible in the 
brightest sunshine, and with very intense heat. 
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The following is another form of apparatus which may be employed ~ 


for exhibiting the results of the combustion of the diamond. It consists 


capacity of about 140 
cubical inches, furnish- 
ed with a cap, having a 
large aperture; the stop- 
cock, which screws into 
this cap, has a jet A, 
rising from it, nearly 
into the centre of the 
globe; this is destined to 
convey a small stream 
of hydrogen, or other 
inflammable gas. Two 
wires, c c, terminate 
at a very little distance 
from each other, just 
above this jet, and are 
intended to inflame the 
stream of hydrogen by 
electrical sparks; one of 
them commences from 
the side of the jet, the 
other is enclosed and 
‘insulated nearly in its 
) whole length in a glass 
tube: the tube and wire 
pass through the upper 
part of the stop-cock, and the wire terminates on the outside in a ball 
or ring p, at which sparks are to be taken from the machine, either 
directly or by a chain, On the end of the jet is fixed, by a little socket, a 
small capsule z, made of thick platinum-foil. This capsule is pierced full of 
small holes, and serves as a grate to hold the diamonds. Its distance is 
about three quarters of an inch from the end of the jet; and the arm, by 
which it is supported, is bent round, so that the stream of hydrogen shall 
not play against it. The stop-cock screws by its lower termination on 
to a small pillar, fixed on a stand, and at the side of this pillar is an 
aperture, by which a bladder filled with gas may be connected with the 
apparatus. 
On using the apparatus, the diamond is to be placed in the capsule; 
and then the globe being screwed on to the stop-cock, the latter is to be 
removed from the pillar and placed on the air pump; the globe is then 


to be exhausted, and afterwards filled with pure oxygen; or, lest the | 


stream of oxygen in entering should blow away the diamond, the globe 


may be filled with the gas first, and then, dexterously taking out the — 


stop-cock for a short time, the diamonds may be introduced, and the stop- 
cock replaced. The apparatus is then to be fixed on the pillar, and a 
bladder of hydrogen gas attached to the aperture. Now, passing a current 
of sparks between the wires, a small stream of hydrogen is to be thrown 


of a glass globe, of the 


ne ee ae 


ia 
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in, which inflaming, immediately heats the diamonds and capsule white- 
hot; the diamonds will then enter into combustion, and the hydrogen 
may be immediately turned off and the bladder detached. The diamonds 
will continue to burn, producing a strong white heat, until so far reduced 


- in size as to be cooled too low by the platinum with which they lie in 


contact. When the flame of hydrogen is used to heat the diamonds, it is 
evident a little water will be formed in the globe, but this is of no con- 
sequence except in attempts to detect hydrogen in the diamond; the 


inconvenience may be obviated, if required, by using the flame of carbonic 


oxide. As, however, no hydrogen has at any time been detected in the 
diamond, it is better to use that gas as the heating agent: for then the 


carbonic acid, produced by the combustion, is unmixed with that from 


any other source, and may be collected, and its quantity ascertained. 
The following method of illustrating the products of the combustion 
of the diamond was employed by Messrs. Allen and Pepys (Phil. Trans., 
1807): a a are mercurial gasometers, one of which is filled with pure 
oxygen gas. The brass tubes 6 6, properly supplied with stop-cocks, issue 
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from the gasometers, and are connected with the platinum tube cc, which . 
passes through the small furnace d. e is a glass tube passing into the 
mercurio-pneumatic apparatus, by which the gas may be drawn out of 
the gasometers into convenient receivers. A given weight of diamond is 
introduced into the centre of the platinum tube, which is then heated to 


_ bright redness, and the gas passed over it, backwards and forwards, by 


alternately compressing the gasometers. Carbonic acid is soon formed, 
and it is found that the increase of weight sustained by the oxygen is 
equivalent to that lost by the diamond; that the oxygen undergoes no 
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change of bulk; and that the results are, in all respects, similar to those 
obtained by a similar combustion of perfectly pure charcoal. “ogc 

When charcoal is burned in oxygen, the phenomena of the combustion 
very much depend upon the nature of the charcoal, which, if well burned, 
and of a dense wood, glows with intense heat and gradually disappears, 
but if of a lighter wood, and especially if covered with portions of the 
bark, throws off jets of brilliant sparks, and furnishes one of the most 
striking experiments. A small piece of the purest graphite, such as is 
used for pencils, may also be burned in oxygen, and its combustion much 
resembles that of the diamond; it should first be carefully annealed by 
slowly heating it to redness in the flame of a spirit lamp, then attached 
to a loop of fine platinum wire, heated to whiteness in the oxygen blow- 
pipe, and in that state introduced into the oxygen, as above directed in 
regard to the diamond. 

Preparation, Liquifaction, and Solidification of Carbonic Acid Gas.— 
For all the common purposes of experiment, carbonic acid is best procured 

by the action of dilute hy- 

, 254 drochloric acid upon white 
marble, which, in small 
fragments, is introduced 
into the two-necked bottle 
a, and covered with water; 
hydrochloric acid is then 
slowly poured down the 
funnel 6, which causes an 
immediate effervescence, 
and the gas passes through 
the bent tube c, into the 
inverted jard. When the 
action ceases, it may be 
renewed by the addition of 
fresh acid, until the whole 
of the marble is dissolved. "When large quantities of carbonic acid are 
required, chalk and dilute sulphuric acid are generally resorted to, and 
for some particular purposes bicarbonate of soda and dilute sulphuric acid 
are used. al 

Carbonic acid may be collected over water, but must be preserved in 
vessels with glass stoppers, since water, at common temperature and 
pressure, slowly absorbs it. When required perfectly pure, the gas should 
be first washed by passing it through water, and then deprived of hygro- 
metric moisture by passing it through a long tube filled with fragments 
of fused chloride of calcium. Carbonic acid is a colourless gas, of a 
slightly sour odour, considerably heavier than atmospheric air, its specific 
gravity being about 1°52. Compared with hydrogen its specific gravity 
is as 22 to 1, and 100 cubic inches weigh 47:26 grains, (49:9780 grains 
at the temperature of 32°. Tomson.) 

Liquid Carbonic Acid.—At all common temperatures and pressures 
carbonic acid retains the gaseous state, but when duly subjected to great 
pressure it becomes liquid. To effect its liquifaction Mr. Faraday pro- 
ceeded as follows:—A strong tube, of about one-fourth of an inch diame- 
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proved method, is partly 


linder two feet long and 


_ phericalends, and of such 
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‘ter and eight inches long, being bent, at about two inches from its end, 


to an obtuse angle, and sealed at the shorter end, sulphuric acid was 


‘poured in through a small funnel, so as not to soil the larger leg, which 


was then loosely filled with fragments of carbonate of ammonia, and also 


hermetically sealed; the acid was then made to run upon the salt, and the 


evolved carbonic acid gradually appeared in the liquid form. The utmost 
precautions are here necessary to guard against explosion: such as goggles 
and a glass mask to preserve the face and eyes, and thick gloves for the 
hands: the tubes should also never be touched without great care; for 


‘sometimes, after having held the fluid safely for weeks together, they have 


exploded from some very slight increase of temperature. (Phil. T'rans., 


1823.) 


The liquifaction of carbonic acid is now conducted upon a large scale, 
especially by Mr. Addams, of Kensington, who sometimes has treasured 
up, in suitable reservoirs, as. much as nine gallons at one time, and has 
even made it an article of commerce. He has been kind enough to give 
me the following details upon this subject :— 

The apparatus he employs is of two kinds: the first, or simple mode, 
is dependent upon the chemical forces disengaging the carbonic acid, from 


the materials used under confinement, as originally suggested by Faraday; 


and in this, the general construction of the instruments employed is simi- 
lar to those of M. Thilorier, although in respect to form, material, and 
structure, of the valves, there is considerable difference, being more sim- 
ple in arrangement, and lighter in proportion to strength. 

The second, or im- 


dependent upon the che- 
mical forces, and partly 
effected by mechanical 
compression with power- 
ful pumps. 

For either process two 
strong wrought-iron ves- 
sels are required, one is 
named the generator, A 
(fig. 255), the other the 
receiver B (fig. 256); each 
of these vessels is a cy- 


four inches internal di- 
ameter, having hemis- 


strength as to bear prov- 
ing to more than 4000 
Ibs. upon a square inch. 

The generator is fur- 
nished with an axis a, 
and mounted upon a cast 
iron frame so as to revolve in a vertical plane a a (fig. 260). At one end 
of each vessel is screwed on a peculiar valve (fig. 257), so constructed as 
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257 to prevent leakage in the screw part, when the valve 
THN # is opened. The lower, or valve part, of the central 
Re screw, to which the handle m is applied, is formed 
VX into a cone, which when screwed down shuts up the 


passage into the vessel; but when the screw is raised 


2S ow or turned backwards, there is a passage from the 


_” \ 7 * vessel and out of the side vent s; at the same time 

LL) 7 the upper conical shoulder of the valve comes into 

EY Ve Li its seat in the plug-piece through which the valve- 

Y screw itself passes, and thus prevents escape of gas 
by the sides of the screw. 

The generator is simply a hollow vessel within, but the recezver has 
a slender pipe, open at both ends, inserted into the valve-plug, and 
descending nearly to the bottom, as shown by 1 7 (fig. 258) in the section. 

258 The materials used in the production of liquid car- 
bonic acid are as follows, namely, water at 100°, bicar- 
bonate of soda in fine powder, and sulphuric acid of 
full commercial strength; and for a generator of the 
dimensions before described the proportions are, water __ 
6°25 Ibs., bicarbonate 2°75 lbs., and sulphuric acid 
1:47 lbs. These proportions leave an excess of alkaline 
salt, which is desirable in order to prevent the action 
of the acid upon the metal of the generator. 

To charge the generator, the valve plug is taken 
out, and a funnel inserted in its place; through this a 
part of the tepid water is introduced, then the carbon- 
ate, and afterwards the remainder 
of the water, and then stirred 
with a rod. 

The acid is next put in, but 
to prevent its action before the 
valve plug is replaced, it is con- 
tained in a brass tube (fig. 259), 
of such diameter and length as to 
259 hold the measure of acid and also 
pass through the orifice in the neck of 

the generator, and to stand erect with its 

open end above the saline mixture within, 
as shown in fig. 260. The valve-plug is 
now firmly screwed to the generator, and 
the whole inverted and turned over and 
over, by which the acid comes into con- 
tact with the carbonate of soda, and the 
mixture is completely effected. ‘Then by 
allowing the generator to stand a few 
minutes erect, with the valve end upwards, 
the liquified carbonic acid, being lighter 
than the resulting sulphate of soda, rises, 
and floats as a distinct stratum. A con- 
nection is then made between the gene- 
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rator and receiver by an union pipe, as at figs. 255 and 256, and then the 

valves of both vessels being opened, the carbonic acid passes, by a process 
of rapid distillation, from the former into the latter. This transfer is acce- 
lerated in proportion as the temperature of the two vessels differs; hence 
warm water is employed in charging; an increase of heat also ensues by 
the acid mixing with the water; the receiver also should be put into cold 
or iced water. 

The valves are now to be closed, the vessels 
separated, and the contents of the generator dis- 
charged, and the same process of charging is to be 
repeated many times. 

Mr. Addams found that only about one-third of 
the carbonic acid of the generator passed into the re- 
ceiver in the ordinary management of this process; 
he was, therefore, led to construct a pump to force 
water into the lower end of the generator, equipped 
with two valves, 
as figs. 26] and . 4, 262 
262; and thus by 
filling the genera- 
tor, the whole of 
the liquid carbonic 
acid is transferred 
into the receiver, 
and that too with- 
‘out the cooling of 
the receiver with Hi 
ice; and by this | 
plan an economy \ i! 
equal totwo-thirds — oo 9 ne 
in material and } 
time is_ effected. 
But in order to use 
a pump it was ne- 
cessary to contrive 


a gauge to observe when the generator was filled and all the carbonic 
acid displaced. The gauge for this purpose is shown (inserted in the 

-union-pipe) at G @’, fig. 263. It consists, 
essentially, of a strong glass tube, se- 
cured within a metal cylinder formed 
by boring out the centre of the solid: 
this last has slits cut parallel to its 
length on opposite sides; then as the 
passage into the receiver is through this 
glass gauge, it is easy to observe the 
instant when the saline fluid of the 
generator rises into it, and then to stop 
the action of the pump; and, conse- 
quently, no liquid but the carbonic acid 
enters the receiver. 
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- He has attached a gauge of similar construction to a double-valved 
receiver, and with it is enabled to see the carbonic acid at any time, to 
measure the quantity transferred from this vessel into others, and to 
obtain certain useful information respecting the quantity produced by 
different modes of management. 

Within the receiver, when charged, there is liquid carbonic acid 
below, and highly condensed gas above it: upon opening the valve the 
expansion of the gas forces the liquid up the central tube rT (fig. 258), 
and then a part of it instantly passes into the state of gas at the orifice of 
the outlet s (fig. 257), and another portion is frozen into a white snow- 
like solid, affording a beautiful instance of the sudden transference of 
heat when a liquid expands into a gas. This white matter, or solid 
carbonic acid, is blown out in finely-divided particles, and to collect it, an 
ingeniously constructed recipient or draw-out box is used, being the con- 
trivance of M. Thilorier. It consists of a brass cylindrical case (fig. 264), 
having tubular handles affixed to its ends. Plates of pierced brass are 
fixed before the outlet of each handle, as shown by ff (fig. 265); these 
act as sieves to keep back the solid acid and allow the gas to pass out. 


264 266 267 


The box has a short tube joined to the side, as in section fig. 266, m, so 
as to form a tangent to the inner circle of the case. And opposite to this 
pipe is placed a bent plate of brass, o (fig. 266), in order to prevent the 
violence of the inrushing gas from blowing the solid matter into such 
fine powder as would enable it to pass through the perforated discs. For 
the purpose of taking out the solid, the box is made separable by one end 
sliding a little within the other, and retainable together by two obliquely 
grooved holders placed on opposite sides of the joint. This draw-out box 
is united to the receiver by the union-piece (fig. 267), the nozzle n, 
having a small hole through it, and upon this the tangent-tube of the box 
fis. | 

From 2°75 lbs. of bicarbonate of soda of average quality, Mr. Addams 
obtains about 19000 cubic inches of carbonic acid of ordinary pressure 
and temperature: by the first method, without the pump, 13000 of these 
are left in the generator, and, of course, escape on opening, unless the 
receiver be kept colder and a longer time allowed for the transfer than 
is convenient in a general way of management. He finds that about 12:5 
cubic inches of liquid carbonic acid are conveyed into the receiver from 
_each charge of the generator, provided the temperature of the receiver be 
at 54°. But when the pump is employed the only loss of acid is that 
which is entangled with the sulphate of soda, and which generally measures 
1100 cubic inches, under atmospheric pressure; and in this way about 
37 cubia inches of liquid carbonic acid are sent into the receiver, at each 
charging, instead of 12-5. 

The tension of carbonic acid gas as it exists above the liquid depends 
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upon the temperature, and Mr. Addams has given the pressures through a 
considerable range of the thermometer, namely, from zero to 150°, at inter- 


_vals of each 5°. The following table includes the force for each successive 


10th degree; by which it will be seen, that, similar to vapours of all kinds 
resting upon their respective liquids, the tension increases in a higher 
ratio than the temperatures. He employed a pressure gauge of 43 inches 
in length, in the experiments which afforded data for this table; and 
many of the results were confirmed by a kind of loaded safety valve*. 


: Pressure in 4 Pressure in 
Tempera- | Pressure in lbs. Tempera- Pressure in lbs, 
ture. per sq. inch. 


Atmospheres 


Atmospheres 
per sq. inch. 


Peneg ater per sq. inch. 


270°9 
300° 
346°65 
398°'1 
457°35 
520°05 
586°35 
658'°05 3° 1495'65 


Liquid Carbonic Acid is limpid, colourless, and extremely fluid. Its 
specific gravity at 32° is 0°83: it distils readily and rapidly at the differ- 
ence of temperature between 32° and 0°. Its refractive power is much 
less than that of water. No diminution of temperature alters its appear- 
ance. In Mr. Faraday’s endeavours to open the tubes at one end, they 
always burst. into fragments with powerful explosion. Mr. Brunel 
endeavoured to apply this liquid as a mechanical agent for the production 
of motive power: of this attempt a short account will be found in the 
Quarterly Journal (Old Series, xxi. 131). 

Liquified carbonic acid exhibits a remarkable property in respect to 
its expansibility by heat, in which it appears, from M. Thilorier’s state- 
ment (Ann. de Chim. et Phys., ux. 427), to exceed even that of the 
gaseous acid, or of air. Thus from (0° to+30° centigrade) 32° to 86° 
(Fahrenheit), its bulk increases from 20 to 29, which is 4 times greater 
than the dilatibility of air within the same range. From 0° to+30° 
(cent.) the pressure of the vapour furnished by the liquified gas, rises, 


_ according to Thilorier, from 36 to 73 atmospheres, which is one atmo- 


sphere of increase for each centigrade degree. Liquid carbonic acid is 
insoluble in water and in the fat oils, but it is'soluble in all propentiaus 
in alcohol, ether, oil of turpentine, and carburet of sulphur. 

A jet of liquid carbonic acid, emitted upon the bulb of a spirit ther= 
mometer, sinks it to — 90° (cent. ‘ but the general frigorific effects do not 
correspond with this depression of temperature, in consequence of the 
almost entire want of conducting power in the gas, and its little capacity 
for heat. But as the case is different with regard to vapours, Thilorier 
tried the effect of a jet of liquid carbonic acid mixed with ether, and 
in this way he succeeded in producing a cold blow-pipe, which friaue 50 
grammes of mercury in a small glass capsule in a few seconds. Mr. 


* In this table the atmospheric pressure is assumed to be = 15 lbs. 


> SOLID CARBONIC ACID. 
“Addams informs me that at common temperatures liquid carbonic acid 
acid acts with extreme slowness upon potassium and sodium, requiring 

a month to convert a piece of potassium, of the size of a pea, into carbo- 
nate of potassa: he observes that the potassium apparently derives its 
requisite equivalent of oxygen from the conversion of carbonic acid into 
carbonic oxide, inasmuch as.no carbon is deposited when proper pre- 
cautions have been taken to deprive the acid of water by fused chloride 

of calcium. 3 

Solid Carbonic Acid.—Thilorier first showed that carbonic acid may be 
obtained in a solid form by suffering a jet of the liquid acid to issue into 
a small phial, which immediately was lined by a white flocculent powder, 
consisting of the carbonic acid solidified or frozen by the intense cold 
resulting from its own expansion. It is easily obtained in large quantity by 
the methods above described. In the solid state it moves about upon any 
polished surface, like a drop of water upon white-hot iron, and slowly dis- 
appears. Mr. Addams found the surfaces from which it had evaporated, in 
a negatively electrical state. When handled it feels like snow, and owing 
to its low conducting power it does not evaporate very rapidly nor feel 
extremely cold, though its actual temperature is probably as low as 148° @ 
below the 0° of Fahrenheit. When a little mercury is put into a saucer | 
and covered by solid carbonic acid, the addition of a few drops of good 
ether forms a semifluid mass, by the contact of which the mercury is 
immediately frozen. In this way Mr. Addams succeeded in freezing ten 
pounds of mercury in less than eight minutes; and in further illustration 
of the extraordinary relations of this substance, he informs me that he. 
has kept a large lump of the solid carbonic acid for a minute, in a red- 
hot crucible, and afterwards frozen a pound of mercury with it. When 
a piece of the solid acid is put into a gas bottle, it gradually becomes gas, 
which may be collected as usual over water; or its conversion into the 
gaseous state may be more strikingly observed by letting up a small piece 
of it into an inverted jar of water. The following modification of this 
experiment I first saw performed by Professor Graham. A tall stoppered 
air-jar is inverted in the pneumatic trough, and half filled with oxygen; 
a piece of solid carbonic acid is then let up into it, by which the lower 
half of the jar soon becomes filled with very cold carbonic acid gas; if the 
glowing wick of a taper, attached to a long wire, be then plunged through 
the upper opening of the jar into the oxygen, it is instantly kindled into 
flame, but extinguished by causing it to descend into the inferior atmo- 
sphere of carbonic acid; and by a little care the wick may be left glowing, 
and then lifted into the oxygen, when it again bursts into flame: this 
alternate extinction and reproduction of flame may in this way be many 
times repeated. 

Properties of Carbonic Acid Gas.—This gas is perfectly unrespirable, 
for on attempting to breathe it in a pure state the epiglottis is spasmodi- 
cally closed, and no air entering the lungs, suffocation is the direct 
consequence. When itis so far diluted with air as to admit of being 
received into the lungs, it then operates as a narcotic poison, producing 
drowsiness and insensibility, and this, even when a candle will burn in 
the mixture. (Curistison.) Hence the danger of a confined room in 
which a pan of burning charcoal is placed. Butterflies, and other insects, 
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of which it is desired to preserve the colours unimpaired, may sometimes 
be conveniently suffocated by this gas. Carbonic acid immediately 
extinguishes the flame of a taper, and this even when considerably diluted 
_ with asmospheric air. In this way its weight may be conveniently shown 
by placing a lighted taper at the bottom of a tall glass jar, and then 
pouring the gas out of a bottle into it, in the manner of a liquid ; it 
_ descends, and extinguishes the flame, and will remain for some time in 
the lower part of the vessel. Like other gases, however, notwithstanding 
its specific gravity, it soon blends with, and diffuses itself through, the 
mass of surrounding air. In wells, and in some caverns, carbonic acid 
frequently occupies the lower parts, while the upper parts are free from 
it. The miners call it choak damp. In these cases it issues from crevices 
in the earth, and is produced by unknown sources. In consequence also of 
its weight, it may be collected without the pneumatic apparatus, as it 
issues from a tube passed near the bottom of a dry bottle: it soon dis- 
places the common air, and may be traced, flowing over the neck of the 
bottle, by holding a taper to it, which is then extinguished. (See this 
mode of collecting gas described at p. 366.) | 
When water is agitated in carbonic acid, it takes up its own volume 
of the gas at common temperature and pressure, and acquires a very 
slight increase of specific gravity. Under a pressure of two atmospheres 
it dissolves twice its volume, and so on. It thus becomes brisk and tart, 
and reddens delicate vegetable blues. 
If litmus paper, thus reddened, be 
exposed to the air, the blue colour 
returns as the acid evaporates; hence 
an easy distinction between the pa- 
per reddened by any of the more 
fixed acids in which the change of 
colour is permanent. In the same 
way, infusion of litmus thus red- 
dened becomes blue when the car- 
bonic acid is expelled by boiling. 
By freezing, boiling, or exposure to 
the vacuum of the air-pump, the 
gas is given off, and it gradually 
makes its escape when exposed to 
air, collecting in small bubbles upon 
the sides of the containing vessel, 
and passing off with especial ra- 
pidity when any foreign substances 
are thrown in, or when any sub- 
stance is dissolved in the water; 
thus it is, that sugar added to soda- 
water, cyder, champagne, or other 
‘similar carbonated liquors, occasions 
in them an immediate and abundant 
effervescence. 
_ Porter, ale, cyder, and many 
other beverages, derive their brisk- 
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ness from carbonic acid. The effervescent quality of many mineral waters — 


is also referable to the presence of this gas, and they are often imitated 


by condensing carbonic acid into water, either by a condensing pump, of — 


which a description is given by Mr. Pepys (Quarterly Journal of Science _ 


and Arts, iv. 305), or by a Nooth’s apparatus, as represented in the pre- 
ceding wood-cut (fig. 268). It consists of three vessels, the lowest, a, 
flat and broad, so as to form a steady support; it contains the materials 
for evolving the gas, such as pieces of marble and dilute hydrochloric 
acid, of which fresh supplies may occasionally be introduced through the 
stopped aperture. The gas passes through the tube 6, in which is a glass 
valve opening upwards, into the vessel c, containing the water or solution 


intended to be saturated with the gas, and which may occasionally be drawn — 


off by the glass stop-cock. Into this dips the tube of the uppermost 
vessel d, which occasions some pressure on the gas in c, and also pro- 
duces a circulation and agitation of the water. . At the top of d isa heavy 
conical stopper, which acts as an occasional valve, and keeps up a degree 
of pressure in the vessels. 

The presence of carbonic acid is instantly detected by lime water, 
which it renders turbid, and causes a deposit of a white powder, whichis 
carbonate of lime. The addition of water saturated with carbonic acid, 
to lime-water, also occasions a milkiness from the same cause. If excess, 
either of the gas or of its aqueous solution, be added to the lime-water, 
the precipitate is re-dissolved, carbonate of lime being soluble in carbonic 
acid. (See Lime.) 

As all common combustibles, such as coal, wood, oil, wax, tallow, &c., 
contain carbon as one of their component parts, so the combustion of these 
bodies is always attended by the production of carbonic acid. It is also 
produced by the respiration of animals; hence it is detected, often in 
considerable proportion, in crowded and illuminated rooms, which are ill 
ventilated, and occasions difficulty of breathing, giddiness, and faintness. 


In the atmosphere it may also be detected, as has already been mentioned — 


(page 448). Saussure found it in air from the summit of Mont Blanc; 


and Humboldt discovered it in air brought by Garnerin from a height of - 


twenty thousand feet, to which he had ascended in a balloon. Its pro- 
duction in the lungs is easily shown, by blowing the expired air through 
lime-water by means of a small tube; it becomes milky, and soon deposits. 
carbonate of lime. The quantity of carbonic acid ejected from the lungs 
at each ordinary expiration varies a little at different times of the day. 
(See Respiration.) According to Dr. Prout, it amounts of an average to 
3°45 per cent. of the expired air, its limits being 3°3 and 4+1 per cent. 
As carbonic acid is often retained in combination by feeble affinity, so 
it is evolved from some of the carbonates by the simple operation of 
heat. Thus chalk, when heated, gives out carbonic acid, and becomes 
quicklime, but in these cases its escape is generally facilitated by the 


copresence of air or aqueous vapour; in other cases the carbonates may be ~ 


heated to redness without the slightest tendency to the evolution of 
carbonic acid, as is the case with the carbonates of potassa and soda. 
Carbonic acid is also displaced by most of the other acids; and if dilute 
nitric, hydrochloric, or sulphuric acid be poured upon the carbonates, the 
presence of carbonic acid is indicated by effervescence. 
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Carbonic acid retards the putrefaction of the greater number of animal 
substances: applied to the roots of vegetables in aqueous solution, it is 
generally propitious to their growth, as will be more fully shown in a 
future chapter. Most plants thrive in an atmosphere containing not more 
than a tenth or twelfth part of carbonic acid; and under certain circum- 
stances, which will afterwards be explained, they decompose it, and 
evolve oxygen. 

At high temperatures, carbonic acid is decomposed by several of the 
metals, and converted into carbonic oxide; and potassium and sodium, 
when sufficiently heated, burn in it, and are converted into potassa and soda, 
whilst the carbon or charcoal of the gas is thrown down in the solid form. 
_ There are some other substances which, at high temperatures, are capable 
of decomposing carbonic acid, and abstracting part of its oxygen; thus, if 
a mixture of two parts of hydrogen and one of carbonic acid, by volume, 
be passed through a red-hot tube in the apparatus represented at p. 431, 
water is formed, and carbonic oxide passes into the receiver d, mixed 
with the excess of hydrogen. Dr. Henry also found that by passing 
a succession of electric sparks through carbonic acid confined over mercury, 
@ portion of it was resolved into carbonic oxide and oxygen. (Phil. Trans., 
1809, 448.) When the carbonic acid which escapes decomposition has 
been washed out by solution of potassa, an electric spark inflames the 
residuary mixture, the oxygen and carbonic oxide again uniting and 
reproducing carbonic acid. 

Phosphorus, when heated in carbonic acid, does not decompose it; 
whence it might be inferred that carbon possessed a stronger affinity for . 
oxygen than phosphorus; and such an inference is sanctioned by the 
decomposition of phosphoric acid, at high temperatures, by charcoal: but 
if complex attraction be brought into action, the case is altered, as was 
_ first shown by Tennant (Phil. Trans., 1791, p. 182), and afterwards by 
Pearson (Phil. Trans., 1792, p. 280). Thusit is, that certain carbonates 
are decomposed, at high temperatures, by phosphorus: if the vapour of 
phosphorus be passed over ignited carbonate of lime, or carbonate of 
soda, charcoal is deposited, and phosphate of lime or phosphate of soda 
produced. 

If carbonic acid be passed over red-hot charcoal, it becomes converted 
into carbonic oxide, by taking up an additional proportion of base. The 
blue flame, often seen upon the surface of a charcoal fire, arises from the 
combustion of the carbonic oxide formed in this way; the air entering at 
bottom, forms carbonic acid, which, passing through the red-hot charcoal, 
becomes converted into carbonic oxide. Ata bright red heat, iron and 
zinc decompose carbonic acid, by abstracting a portion of its oxygen, and 
forming oxide of iron or of zinc, and carbonic oxide. 

It has been above stated, that when carbon is burned in oxygen gas, 
earbonic acid is formed equal in volume to that of the oxygen, so that the 
difference of specific gravity between oxygen and carbonic acid leads to 
the quantity of carbon which it contains, and the weight of pure carbon 
taken up by a given bulk of pure oxygen gas, may thus be directly deter- 
mined by experiment. Assuming the specific gravity of carbon vapour 
‘to be 0°84, and that of oxygen gas 1-11, and that a volume of carbonic 
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acid consists of one volume of oxygen, and half a volume of carbon agony 
its specific gravity should be (1:11 +°42)=1°52; or 
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Grains. 

50 cubic inches of carbon vapour, weighing . . . . +. . » . 127 
100 “) oxygen gas Pa ep hce * ge tok yale iene eee 
100 35 carbonic acid should weigh Dit ee 473 


Both these statements closely agree with the 


carbonic acid, therefore, consists of 


experimental result; 


Allen and Pepys. 


Carbon Me se OE a OR Ped 2] Le eee 
Oxygen Be SEE PTC O ket ELT S nes eager 
Carbonic acid 1 22 100°00 100°0 


Or it may be represented by volume 


thus* :— 


earbes, Carbonic 


Acid. 
ae 


Oxygen. 
8 


Carpontc Acip AND AmMMontA. CARBONATE OF Ammonia. (A+ CQY’.) 
—When one volume of carbonic acid and two volumes of ammonia are 
mixed ina glass vessel over mercury, the gases are slowly condensed into 
a white crystallized solid, which lines the interior of the vessel, and which 


has been termed Eonboaere of ammonia. 


*It has been customary to represent 
carbonic acid as a compound of one 
volume of the vapour of carbon and one 
volume of oxygen, the two volumes being 
condensed into one of carbonic acid, and, 
upon this principle the specific gravity of 
the vapour of carbon, in reference to the 
specific gravity of hydrogen, has been 
assumed as 6 to 1, or in reference to that 
of oxygen as 6 to 16. Upon this hypo- 
thesis, therefore, a volume of carbonic 
oxide would consist of one volume of the 
vapour of carbon and half a volume of 
oxygen, or 


Carbonic 
Oxide. 


Carbon. 


4 


6 14 


and a volume of carbonic acid would con- 
sist of one volume of carbon vapour and 
one volume of oxygen, or 


Carbonic 
Acid. 


22 


But, as observed by Mitscherlich (Lehr- 
buch der Chemie, i. 84), this view of the 
specific gravity of carbon vapour is incon- 


The product must at all events 


sistent with analogous gaseous combina- 
tions, and, as we cannot determine the 


point experimentally (as with sulphur and 


phosphorus), analogy is our only guide. 
And as we find, in all other cases, that 
when one volume of one gas combines 
with one volume of another, no conden- 
sation ensues (one volume of nitrogen 
and one of oxygen forming two of nitric 
oxide, and one volume of hydrogen and 
one of chlorine forming two volumes of 
hydrochloric acid, &c.) but that, on the 
other hand, condensation does ensue 
when one volume of one gas combines 


with half a volume of another (one vo-_ 
lume of nitrogen and half a volume of — 


oxygen forming one volume of nitrous 


| 
4 
*% 

‘ 
2 


i rel ae 


oxide, and one volume of hydrogen and — 


half a volume of oxygen forming one 
volume of steam), so it is probable that 
one volume of carbonic oxide is consti- 
tuted of half a volume of carbon vapour 
and half a volume of oxygen; and that 


one volume of carbonic acid is constituted 
of half a volume of carbon vapour and — 
one volume of oxygen. Upon this view — 


of the subject, therefore, the specific 


gravity of carbon vapour would be 0°84_ 
instead of 0°42; or, in reference to hydro- 
gen, 12 instead of 6; and, as far as the ~ 


theory of volumes is "concerned, carbon 


‘would thus resemble oxygen. 
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contain the elements of ammonia and carbonic acid in the following 
proportions :— 


Ammonia Sela | a 17 ans 43°5 
Carbonic acid: . 1. his 22 png 56°5 
l 39 100°0 


The above results, however, are only obtained when the gases are 
perfectly dry, for if any moisture be present more carbonic acid is taken 
up, and a sesqui or bicarbonate of ammonia result. This apparently 
anhydrous salt has not been accurately examined, but as there is no other 
instance of the direct union of ammonia with an anhydrous oxyacid, it 
_ has been suggested by Dumas that it may be an amide, or a compound of 
amidogen, carbonic oxide, and water: for it is obvious that the ultimate 
elements of the supposed neutral carbonate of ammonia (namely 2+3 
4+ Car +20) may be arranged as (2+2h)+(car+0)+(h+0). 


BicarsonatE or Ammonia. (A+2CQr’.)—If water be present, 
ammonia and carbonic acid condense each other in equal volumes, and 
consequently a bicarbonate is the result; but it does not exist in an 
anhydrous state. It is also formed when the common carbonate is kept 
for some time exposed to air in imperfectly closed vessels, in which case 
‘it loses ammonia, and becomes nearly inodorous, and less soluble in cold 
water. When carbonic acid is passed through a saturated aqueous solution 
of the common carbonate, this salt is also produced, and may be brought 
to crystallize; it forms right rhombic prisms, soluble in about 8 parts of 
cold water; inodorous, and of little taste; containing, according to Berze- 
lius, 22°7 per cent. of water. The sali consists, therefore, of 


R. Phillips. 
Ammonia a tLe Pee OR occ el Ot ee POE 
MarbomiGaci es whet) ce e2 Port) Aa 0 1 6S OO. SRR BORN 
Water Ap ela LER Ley 1 22-Be ne 23°34 ~ 


eee 


Bicarbonate of ammonia 1 79 100:0 1:00:00 


In reference to the ammonium theory this salt has been termed a 
bicarbonate of oxide of ammonium, in which case the elements of one of 
the atoms of water must be supposed to have combined with those of the 
ammonia to form oxide of ammonium; and undef this view the following 
would be the constitution of the salt(2+4h+0) +2 (car+20)+ (h+ 0). 


Graham calls it a carbonate of water and of oxide of ammonium, and re- 


presents it as follows. (CQr+20)+ (h+0) +(N-+4 h +0)+ (Car +20) 


SEsQUICARBONATE OF AmMmonrA. (A+13CQ7/.)—The carbonate of 


ammonia of commerce 
Hydrated Carbonate of Ammonia, 


is generally met with ss 
in cakes broken out Ammonia. Carbonic Acid. 
of the subliming vessel, Water. 
ous 4 HypRo- aN 
being obtained by sub- catorate CARBONATE 


_limation from a mix- ayyowra. ” or Lime. 


; ‘ j aa ——, 

ture of sulphate oF Hydrochloric ¢ Hydrogen Oxygen } uu 

hydrochlorate of am- Acid. Chlorine Calcium f “7° 
. cia ; 

-monia, and carbonate ae Ba 


Chloride of Calcium. 
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of lime. When the hydrochlorate is used, the results of the decompo-. 
sition are carbonate of ammonia, water, and chloride of calcium, the two 
former being in combination, so that a hydrated carbonate of ammonia 
is always obtained. Supposing the materials perfectly dry, the water is 
formed by the union of the hydrogen of the hydrochloric acid with the x 
oxygen of the lime, as shown in the preceding diagram. . 

Phillips has shown (Quarterly Journal, vii. 294), that this carbonate 
of ammonia consists of i 


Ammonia . 1 wast 17 te: 28°8 
Carbonic acid Era eae 33 ans 560 
Water rtf asd aa el hes 9 0 ay 15°2 
Sesquicarbonate of ammonia 1 59 100°0 


As far, therefore, as relates to the proportion of the carbonic acid to 
the ammonia, this salt is intermediate between the carbonate and bicar- 
bonate, or a sesquicarbonate of ammonia. Its odour is pungent; its taste Bi 
hot and saline; it reddens turmeric, and has an alkaline reaction upon ~ 
other vegetable colours. It is much used as a stimulant and antacid in 
medicine, and is commonly called smelling salts. A pint of water at 60° — 
dissolves rather less than four ounces. This solution is directed in the 
Pharmacopeia, under the name of Liquor Ammonia Sesquicarbonatis. — 
If a hot saturated solution of this salt be made in a close vessel, and 
suffered to cool, it deposits octoédral crystals. Exposed to air, it loses 
ammonia, and becomes the hydrated bicarbonate above described. 


CARBON AND CHLORINE. CHLORIDES OF Carpon.—For our knowledge % 
of the compounds of carbon with chlorine we are indebted to Mr. Fara- é 
day (Phil. Trans., 1821, p. 47). The circumstances under which they z 
combine have been more recently investigated by Regnault (Ann. de Ch. 
et Ph., uxix. 151, and Luxx. 104). By exposing carburetted hydrogen, PI 
mixed with great excess of chlorine, to the action of light, a white crys- Fd 
talline substance is formed, which, when purified by washing with water, ¢ 
is a perchloride of carbon. It is formed as follows:—A glass vessel, — 
capable of holding about 200 cubic inches, is properly mounted, with a 
stop-cock, and exhausted upon the air-pump: it is then nearly filled with 
chlorine, and afterwards placed in connexion with a jar of olefiant gas” 
standing’ over water, and, as much ag can enter having passed in, the ~ 
cocks are shut, and the whole left for a short time: when the fluid com- 
pound of chlorine and carburetted hydrogen (described further on) has — 
formed, the cocks are reopened, and a fresh portion of carburetted — 
hydrogen rushes in, in consequence of the condensation which has taken — 
place; this is left, as before, to combine with the remaining chlorine, and ‘ 
the process continued, until no further action ensues, and the vessel is, In — 
fact, full of carburetted hydrogen: chlorine is then similarly admitted, in 
repeated portions, and, ultimately, a quantity of the liquid hydrochloride * 
of carbon is obtained, with an atmosphere of chlorine above it: in this 
staté it is exposed to the direct rays of the sun. The chlorine speedily ; 
disappears, and hydrochloric acid is formed: this is absorbed by the = 
admission of a little water; another atmosphere of chlorine is then — 
admitted, and exposure to the sun repeated; by continuing these opera-_ 
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tions, the whole of the hydrogen is at length abstracted in the form of 
hydrochloric acid, and crystals are formed in the liquid; these are to be 
collected, washed, and pressed between bibulous papers, then introduced 
into a glass tube, and sublimed by a spirit-lamp; the pure substance, 
with water, will rise at first, but the last portions will be partially decom- 
posed, hydrochloric acid will be liberated, and charcoal left. The sub- 
limed portion is then to be dissolved in alcohol, and poured into a weak 
solution of potassa, by which the substance is thrown down, and the 
hydrochloric acid neutralized and separated; then wash the substance 
with repeated affusions of water, collect and dry it, first between folds of. 
paper, and then in the exhausted receiver of the air-pump. If quite 
pure, it sublimes without any change, and a small portion dissolved in 
ether gives no precipitate with nitrate of silver. 


SESQUICHLORIDE OF CarBon (CQ? + 14C) thus purified is nearly taste-- 
less; its odour resembles camphor; its specific gravity is about 2; it is a 
non-conductor of electricity, and powerfully refracts light. It is volatile, 
and in close vessels fuses at 320°; it boils at 360°, and may be distilled 
without decomposition: its vapour again condenses in crystals as it cools. 
It is not very combustible, but burns when held in the flame of a spirit- 
lamp, with the emission of much smoke and acid fumes. It burns 
vividly in oxygen gas. It is insoluble in water, but readily soluble in 
alcohol and ether; these solutions deposit arborescent and quadrangular 
crystals. It also dissolves in volatile and fixed oils. It is scarcely acted 
upon by alkaline and acid solutions, but most of the metals decompose 
this substance at a red heat. Potassium burns brilliantly in its vapour, 
causing the deposition of carbon, and the production of chloride of potas- 
sium. The metallic oxides also décompose it at high temperatures, pro- 
ducing metallic chlorides, and carbonic acid or oxide, according to the 
proportion of oxygen present; no water is produced, showing the absence 
of hydrogen in the compound. It appears, from various analytical 
experiments upon this compound, among which may be mentioned its 
decomposition by passing it through red-hot peroxide of copper, that it is 
a sesquichloride of carbon, consisting, therefore, of 
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Sesquichloride of carbon 1 60 100 


This compound is represented by _ Carbon Chlorine. 
Regnault by the formula (2 C7 +3C), 
_ the density of its vapour as determined 


Sesqui- 
by experiment being 8-157, or 120 in loa 
reference to hydrogen as=1, and as 

Sp. Gr. es 120 


1 volume ei a 
vapour =2atoms ... 084 


3 volumes chlorine=3 atoms (2'47X3) 7°41 
1 volume af eae 


of sesquichloride;=latom . . . 825 
of carbon | 
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PRoTOCHLORIDE oF CaRrBon. (CAP +C.)—When the above sesquichlo- 
ride or perchloride of carbon is passed through a red-hot tube containing 
fragments of rock-crystal to increase the heated surface, it gives off a 
portion of chlorine, and is converted into a liquid protochloride of carbon. 
It is a limpid colourless fluid, specific gravity 1°55, and not combustible, 
except retained in the flame of the spirit-lamp, when it burns with a yellow 
flame, much smoke, and fumes of hydrochloric acid. It does not congeal 
at 0°; it rises in vapour at about 165°. It is insoluble in water, but 
soluble in alcohol, ether, and the oils. It is not affected by the acids or 
alkalis, nor, at common temperatures, by solutions of silver. It dissolves 
chlorine, iodine, sulphur, and phosphorus. It affords, when decomposed, 
17 carbon+83 chlorine; whence it may be inferred to consist of 
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Protochloride of carbon 42 100°0 


According to Regnault the density of the vapour of this protochloride 
of carbon, as determined by experi- 


ment, is 5°820 (or 84 in reference to pv kate PORE ee Soe 


: Protochlo- 
hydrogen as=1), its formula, therefore, ride of 
. A Carbon. 
is probably (2car +2C), inasmuch as 

Sp. Gr. 84 


1 volume of carbon vapour=2 atoms . 0°84 
2 volumes of chlorine . =2 atoms . 4°94 


1 volume of vapour of) _ 
protochloride of Metal atom . 5°78 


DicotoripE oF Carson. SUBCLHORIDE oF CarBon. (2CQ+C.)— 
This compound was accidentally obtained in Sweden, whence it was 
brought by Julin, and submitted to analysis by Phillips and Faraday. 
(Ann. of Phil., N. S., i. 216, and ii. 150.) It is a solid crystalline body, 
volatile by heat, without decomposition, and condensing into crystals. 
It is insoluble in water, but soluble in alcohol, ether, and essential oils. 
It sinks in water. It burns with a red flame, giving off much smoke, and 
fumes of hydrochloric acid. Acids do not act onit. When its vapour is 
highly heated in a tube, chlorine is given off, and charcoal deposited. 
Potassium hurnt with it forms chloride of potassium and liberates char- 
coal. Its vapour, detonated over mercury, with oxygen, formed carbonic 
acid and chloride of mercury: passed over hot oxide of copper, it formed 
‘a chloride of copper and carbonic acid; and over hot lime, it occasioned 
ignition, and produced chloride of calcium and carbonic acid. The 
“results of its analysis by oxide of copper, show that it consists of — : 
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Dichloride of carbon 1 48 100 


This compound was said to have been formed during the distilla- 
tion of protosulphate of iron and nitre (both salts no doubt impure). 
All attempts at producing it by other means have failed, nor has it 
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been converted into either of the other chlorides. (Phil. Trans., 1821, 
p- 392.) 


: Carpon AND Jopinr. Sesquiopipe or Carspon.—This compound of 

carbon and iodine was first obtained by Serullas, and considered as a 
hydriodide of carbon. (Ann. de Chim. et Phys., xx. 163, and xxii. 172.) 
It was subsequently examined by Mitscherlich. (Ann. de Chim. et Phys., 
xxvii. 85.) It is produced in the form of a yellow precipitate, when a 
saturated solution of iodine in alcohol is mixed with a strong alcoholic 
solution of potassa or soda: part of the iodine combines with the potas- 
sium or sodium, and the liberated oxygen unites to the hydrogen of the 
alcohol to form water, whilst another part of the iodine combines with 
the carbon of the alcohol. Iodide of carbon is of a lemon-yellow colour, 
and a sweetish taste. It crystallizes in brilliant spangles; its smell 
somewhat resembles that of saffron: its specific gravity is nearly 2. It 
is not sensibly soluble in water, but dissolves in 80 times its weight of 
alcohol of 0°825 specific gravity at 60°, and in 25 times at 95°. One 
part dissolves in 7 of ether. It also dissolves in fat and volatile oils; 
and when its solution in oil of lemon-peel is exposed to light, it is decom- 
posed, and charcoal and iodine are deposited. Sulphuric, sulphurous, 
nitric, and hydrochloric acids have no action upon it, nor has aqueous — 
solution of chlorine; but gaseous chlorine decomposes it, and forms 
chloride of iodine, and a white substance, which is probably a chloride of 
carbon. At common temperatures it gradually evaporates when exposed 
to air, and at 212° volatilizes without decomposition; between 240° and 
248° it enters into fusion, and is soon decomposed, giving rise to vapours 
of iodine and a brilliant charcoal. If moisture be present, carbonic and 
hydriodic acids may be formed. (Ann. de Chim. et Phys., xxxvii. 85.) 
Serullas analyzed this compound by passing it over ignited peroxide of 
copper. (Ann. de Chim. et Phys., xxxix. 230.) It appears to be a 


sesquiodide (Car + 122), and to consist of 
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Sesquiodide of carbon 1 195 100°0 


ProtiopipE oF CarBon. (CA7+2.)—This compound, also mistaken 
by Serullas for a hydriodide (Ann. de Chim. et Phys., xxv. 314), is pre- 
pared by triturating together equal parts of dry sesquiodide of carbon, and 
_ perchloride of phosphorus, and gently heating the mixture in a tubulated 
retort, the beak of which dips into water; a liquid passes over, which 
falls to the bottom of the water, and which, when carefully separated and 
mixed with four or five parts of sulphuric acid, is thus freed from hydro- 
- chloride of carbon, and remains at the bottom of the acid; it is ultimately 
‘separated, and having been washed with a solution of potassa, and lastly 
with water, is the pure iodide of carbon. It is a heavy, yellow liquid, 
of a peculiar etherial odour and sweet taste; very little soluble in water, 
and not congealed at 32°. Exposed to air it gradually reddens. It does 
not act upon potassium; in the flame of a candle it gives out iodine. It 
is decomposed at a red heat when passed over peroxide of copper, and 
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from the produced carbonic acid, Serullas inferred (Ann. de Chim. et 


Phys., xxxix. 231) that it consists of 
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Protiodide of carbon 1 132 100:00 


Recent experiments have thrown some doubt as to whether the above 
compounds are or are not free from hydrogen. 


Carbon AND Bromine. BromipeE or Carson.—This compound was 
also discovered by Serullas (Ann. de Chim. et Phys., xxxiv. and xxxix.), 
and is formed by adding two parts of bromine to one of the solid iodide 
of carbon, and just enough solution of potassa to occasion the disappear- 
ance of the free iodine. A liquid bromide of carbon will appear at the 
bottom of the solution, which is to be separated by a funnel or otherwise, 
but without washing with water, and allowed to stand till it has become 
quite clear; during this time, crystals of iodate of potassa form upon the 
surface; the clear fluid beneath is to be withdrawn, and put into a weak 
solution of potassa, for the purpose of decomposing a little protiodide of 
carbon formed at the same time: a little bromide is also decomposed, but 


that which remains is soon left in a pure state. The principal properties. 


of this, (which is probably a protobromide of carbon,) and the differences 
between it and the liquid protiodide, are as follows: the bromide becomes 
solid, hard, and crystalline, at 32°, and remains solid up to 43°; the 
iodide remains fluid in the lowest temperatures. The bromide gives red 
vapour; the iodide violet vapour, when heated in the flame of a spirit- 
lamp. Neither of them act upon water, but are slowly decomposed in 


weak alkaline solutions. (Ann. de Chim. et Phys., xxxix, 225.) This 


compound, like the iodide, is by some suspected to contain hydrogen. 
FLUORIDE OF CARBON is unknown. 


Carson AND Hyprocen.—These elements unite in several propor- 
tions, and form many curious and important compounds, among which it 
is sometimes difficult to distinguish those which ought to be considered 
as distinct and definite combinations, from others which are probably 
indefinite mixtures of the former. These compounds are generally termed 
hydrocarbons, or hydrocarburets, and amongst them are some striking 
illustrations of one species of isomerism (from toos, equal,and jepos, part), 
that is, of compounds differing, often essentially, in their physical or 
chemical properties, or both, and yet apparently produced by the union 
of the same elements bearing the same ratio to each other. Bihydro- 
carbon, or olefiant gas, and quadrihydrocarbon, or etherine, for instance, 
are in this predicament; when analyzed they are each found to consist of 
carbon, and hydrogen, in the same relative proportions, namely, 1 atom 
of carbon united to 1 atom of hydrogen; but the density of a volume of 
the former is to that of the latter, as ] to 2; hence there are twice the 
number of simple atoms in an equivalent of etherine, that exist in an 
equivalent of olefiant gas; and assuming the density of hydrogen as=1, 
that of olefiant gas is 14, and of etherine 28; hence we consider an 
atom of olefiant gas as constituted of 2 atoms of carbon, and 2 atoms of 
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hydrogen (2 CA +2 h), and an atom of etherine as constituted of 4 atoms 


of carbon, and 4 atoms of hydrogen (4 car +4h). Their respective 
volumes, equivalents, and densities, may, therefore, be represented thus; 
as will be obvious by referring to the 


following more detailed statement of | Hydrogen. Olefiant. Etherine. 
their composition. Here, therefore, 
although the compounds are isomeric, 1 14 28 


they are represented by different 

equivalent numbers; but there are cases of isomerism in which the same 
elements are united in the same ratio, so as to produce compounds 
represented by the same equivalent number, yet essentially distinct in 
their chemical characters. It has been observed by Dr. Turner, that our 
notions of isomerism are quite consistent with our theories of chemical 
union, inasmuch as the same elements may be grouped, or combined in 
various ways, so as to give rise to compounds essentially distinct. Thus, 
the elements which in one form of arrangement constitute nitrate of am- 
monia (22 +5 0+3h), in another constitute nitrous oxide and mater 
2(a+ 0)+3(h+ 0). Thus also the elements of sulphate of pofassa 
(pO0+0)+(S+30), may be united as expressed by the preceding for- 
mula, or as in the following (O+S +40), or they may be arranged into 
other aggregates. 

Of the compounds of Carson and HyproceEn, we shall here describe 
some of the most important of those which have the characters of distinct 
and definite combinations; reserving others to be noticed amongst organic 

| products. 


BinypRoGureET oF Carson. DICARBURET OF Hyproaen. Liaut Car- 
BURETTED HlyprocEen. Fire-Damp or Coat-Mines. INFLAMMABLE AIR 


or Marsnes. Heavy Inruammasie Arr. (Car +2h,) or CHe.—Under 
these names an important variety of hydrocarbon is designated, which 
occasionally occurs pent up in cavities in coal-mines, (Davy, Phil. 
Trans., 1815,) and which is also said to be abundantly formed in 
stagnant pools during the spontaneous decomposition of vegetable matter, 
and to be procured by stirring up the fetid mud, and collecting the gas 
that rises in an inverted glass jar; in this state it is mixed with a little 
nitrogen and with carbonic acid; the latter may be separated by washing 
the gas in lime-water or a solution of caustic potassa. The gas procured 
from a blower in a coal-mine, after having been washed with lime-water, 
probably furnishes this compound in its purest state; but it does not 
appear that it can be produced artificially, unless it be admitted that a 
portion of the inflammable gas generated by the distillation of moist 
charcoal at a red heat, or by that of pit-coal, be similarly constituted. 

Sir H. Davy found the specific gravity of this purified gas from a 
coal-mine to be 0°559, and compared with hydrogen as 8 tol. 100 
cubical inches weighed between 16 and 17 grains (or, according to 
Thomson, 18-2148 grains at the temperature of 32°), and nearly the 
same specific gravity is assigned to this gas (0°559) by Henry and 
Dalton. It is highly inflammable, burning with a yellow flame, and 
producing carbonic acid and water; it has a slightly disagreeable odour. 
It is not decomposed by electricity, but when passed through a white-hot 
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tube, deposits a portion of its carbon. Dry chlorine, even when aided 


by light, does not act upon it at common temperatures; but when the 
gases are moist and exposed to sunshine, a mutual action ensues; if 
there be excess of chlorine, carbonic and hydrochloric acid gases are 
produced. Passed with chlorine through a red-hot tube, or subjected 
to the electric spark, carbon is thrown down, and hydrochloric acid 
formed. 

100 volumes of this gas require 200 of oxygen for perfect combus- 
tion, and the result is water, and 100 volumes of carbonic acid. 100 of 
carbonic acid contain 100 of oxygen, or half the quantity consumed; the 


remaining hundred volumes, therefore, must have combined with 200 of 


hydrogen to form water; hence, as 


50 cubic inches of carbon vapour weigh . . . . . . . . 12°70 
200 - hydrogen Pas o.oo oe 0 oie) he, Sie oe 
100 3 light carburetted hydrogen should weigh . 16°93 


which closely agrees with Davy’s experimental result, and shows that 
this gas is constituted of 


Vols. Sp. Gr. 
Caron 1 oa. 6.7% 4 J0° Vapour of carbon .. 05 .. 0-416 
Hydrogen 2 2 25° Hydrogen gas - 3. 2°" ae 
Fire-damp 1 8 100° it 0°554 
Or, 
car Sir H. Davy made several ex- 
6 h periments on the combustibility and 
1 explosive nature of this gas. He 
ee Sepak found that when 1 volume of the fire- 
h 8 damp was mixed with 1] of air, they 
burnt by the approach of a lighted 
1 taper, but did not explode; 2 of air 


and 3 of air to 1 of gas produced 
similar results. When 4 of air and 1 of gas were exposed to a lighted 
candle, the mixture being in the quantity of 6 or 7 cubical inches in a 
narrow-necked bottle, a flame descended through the mixture, but there 
was no noise: | volume of gas inflamed with 6 of air in a similar bottle, 
produced a slight whistling sound: 1 of gas with 8 of air rather a louder 
sound: 1 with 10, 11, 12, 13, and 14, still inflamed, but the violence of 
combustion diminished. In 1 of gas and 15 of air, the candle burnt, 
without explosion, with a greatly enlarged flame; and the effect of 
enlarging the flame, but in a gradually diminishing ratio, was produced 
as far as 30 parts of air to 1 of gas. The mixture which seemed to 
possess the greatest explosive power was that of 7 or 8 volumes of air to 
1 of gas; but the report produced by 50 cubical inches of this mixture 
was less than that produced by one-tenth of the quantity of a mixture of 
2 parts of atmospherical air and 1 of hydrogen. 

In reference to the degree of heat required to explode this gas mixed 
with its proper proportion of air, it was found that a common electrical 
spark would not explode 5 parts of air and 1 of the hydrocarburet, 
though it exploded 6 parts of air and ] of the gas: but very strong sparks. 
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from the discharge of a Leyden jar seemed to have the same power of 
exploding different mixtures of the gas as the flame of the taper. Well- 
burned charcoal, ignited to the strongest red-heat, did not explode any 
mixture of air aud of the fire-damp; and a fire maie of well-burned 
charcoal, 2,e, charcoal that burned without flame, was blown up to 
whiteness by an explosive mixture containing the fire-damp, without 
producing its inflammation. An iron rod at the highest degree of red- 
heat, and at the common degree of white-heat, did not inflame explosive 
mixtures of the fire-damp; but, when in brilliant combustion, it produced 
the effect. The flame of gaseous oxide of carbon, as well as that of 


olefiant gas, exploded the mixtures of the fire-damp. 


In respect of combustibility, then, this hydrocarburet differs most 
materially from the other common inflammable gases. Sir Humphry 
found that olefiant gas, which explodes mixed in the same proportion 
with air, is fired by both charcoal and iron heated to redness. Carbonic 
oxide, which explodes when mixed with 2 parts of air, is likewise 
inflammable by red-hot iron and charcoal; and hydrogen, which explodes 
when mixed with three-sevenths of its voluvie of air, takes fire at. the 
lowest visible heat of iron and charcoal; and’ the case is the same with 
sulphuretted hydrogen. When 6 of air and 1 of the hydrocarburet 
were exploded over water by a strong electrical spark, the explosion was 
not very strong, and, at the moment of the greatest expansion, the 
volume of the gas did not appear to be increased more than one-half*, 
Nitrogen and carbonic acid mixed in different quantities with explosive 
mixtures of fire-damp, diminished the velocity of the inflammation. 


Nitrogen, when mixed in the proportion of 1 to 6 of an explosive 


mixture, containing 12 of air and 1 of fire-damp, deprived it of its 
power of explosion; when | patt of nitrogen was mixed with 7 of an 
explosive mixture, only a feeble blue flame slowly passed through the 
mixture. One part of carbonic acid to 7 of an explosive mixture, 


deprived it of the power of exploding; so that its effects are more 


remarkable than those of nitrogen, probably, in consequence of its greater 
capacity for heat, and probably, likewise, of a higher conducting power 
connected with its greater density. These inquiries are very important, 
in reference to the existence of this variety of hydrocarburet, under the 
name of fire-damp, in coal-mines. 


Oxer1ant Gas. Hyprocuret or Carson. Binyprocargon. (2 CA’ 
+2h.)—This gas was discovered in 1796, by the associated Dutch 
chemists, Bondt, Dieman, Van Troostwick, and Lawerenburg. (Journ. 
de Phys., xiv. 178: Ann, de Chim., xxi. 48.) 

It is usually obtained by the decomposition of alcohol by sulphuric 
acid. For this purpose about two parts of the acid and 1] of alcohol 
(by measure) are put into a retort, and heated by a lamp; complicated 
changes ensue, which will be more fully explained under the article 


Alcohol; and soon after the mixture boils, the gas is evolved. It may 


* This appears the expansion when | the gas appears at least tripled during 
the tube is very small; in larger tubes | the explosion. 
it is considerably more. The volume of 
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be collected over water, and should be well washed with lime-water, or 


solution of potassa, to abstract sulphurous and carbonic acids; it also 


retains a little ethereal vapour, which may be removed by agitating it 
with weak alcohol and afterwards with water. When thus purified its 


“specific gravity is about ‘980, or compared with hydrogen as 14 to 1, and 


100 cubical inches weigh about 30 grains. According to Thomson, its 
specific gravity is 0°9722 (the same as that of nitrogen and of carbonic 
oxide), and 100 cubic inches at the temperature of 32° weigh 31:8790 
grains. 

This gas has little odour when quite pure; it is inflammable, burning 
with a bright yellowish-white flame. Water absorbs about one-eighth of 
its volume. It is absorbed by sulphuric acid, no carbon being separated, 
nor sulphurous nor carbonic acid formed. In the course of several days, 
1 volume of sulphuric acid absorbs between 80 and 90 of olefiant gas, 
and a peculiar compound results, capable of forming distinct salts. 
(Such compounds will be more particularly noticed under the articles 
Naphthaline, Oil of Wine, and Sulphovinic Acid.) It is unrespirable, 
and extinguishes flame. One part by volume requires, for perfect com- 
bustion, three of oxygen. When sulphur is heated in one volume of 
this gas, charcoal separates, and two volumes of sulphuretted hydrogen 
result. As hydrogen suffers no change of volume by combining with 
sulphur, it follows that olefiant gas contains two volumes of hydrogen 
condensed into one; hence the quantity of oxygen required for its 
combustion. This gas is also decomposed by heat alone, as by passing 
and repassing it through a red-hot tube of earthenware or metal; it then 
deposits its carbon, and is expanded into twice its original volume of 
pure hydrogen*. 

When one volume of olefiant gas is detonated by the electric spark in 
a proper tube (which, on account of the violence of the explosion, should 
be very strong), with three volumes of oxygen, two volumes of carbonic 
acid are formed, and water is deposited: now two volumes of carbonic 
acid contain one volume of the vapour of carbon, and two volumes of 
oxygen, so that the other volume of oxygen must have condensed two 
volumes of hydrogen to form the water. Hence, one volume of olefiant 
gas must contain one volume of the vapour of carbon, and two volumes 
hydrogen: or, as 


\ Grains. 
100 cubic inches of carbon vapour weigh . . . . . 25°4 
200 4 hydrogen gas weigh . 2. . . . 42 
100 Pe olefiant gas should weigh. . . . 29°6 


The following diagrams further illustrate the results of the combus- 
tion of one volume, or proportional, of olefiant gas with three volumes (or 
six proportionals) of oxygen. 


* When oi/-gas, compressed into ves- | occasion in it a degree of chemical de- — 


sels by a power equal to that of 30 atmo- | composition ; for it deposits a biack car- 


spheres, is suddenly allowed to escape bonaceous matter upon paper held in. 


through a small aperture into the air, the | the current. (Quarterly Journal, N.S., 
expansion which it suffers appears to | i. 204.) rip 


ee eT ee ee eee 


 UOLEFIANT. GAS... * 543 


Before detonation. After detonation. 
Carbonie 
Osveet ‘Acid: Water. 
Olefiant 


Gas. O Oxygen. 
she car +20 Hydrogen. 
Oxygen. —— 
Oxygen. 
ee car +20 Hydtogen. Rao 
Oxygen. 
Oxygen. 


Now as one volume of carbon vapour represents two equivalents, or 


proportionals, it is obvious, from the above statement, that olefiant gas 
must be composed of 


Saussure. Volumes. Sp. Gr. 
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No compound has yet been identified (unless methylene be regarded 
as such) in which one atom of carbon is combined with one of hydrogen, 
and which would be represented by (Car +h), or by 0°5 volume of 
carbon vapour and 1 volume of hydrogen condensed into 1 volume: such 
a compound would have the equivalent number = 7, which would also 
be its specific gravity to hydrogen. 


Oterrant Gas anp CHLorineE.—When olefiant gas is mixed with 
chlorine in the proportion of 1 to 2 by volume, the mixture, on inflam- 
mation, produces hydrochloric acid, and charcoal is abundantly deposited. 
If the gases be well mixed, and then inflamed in a tall and narrow glass 
jar (about 2 feet high and 4 inches in diameter), placed with its mouth 
upwards, the experiment is very striking; a deep-red flame gradually 
descends through the mixture, and a dense black cloud of carbon rises 
into the atmosphere; fumes of hydrochloric acid are at the same time 
formed, and a peculiar aromatic odour is evolved. 


CHLORIDE oF Hyprocarson. HypRocHLORIDE oF CARBON. (2car 
+2 A+ c.)—If instead of inflaming the mixture of one volume of olefiant 
gas and two volumes of chlorine, the gases be merely mixed, in equal 

volumes, over water, or in a clean and dry glass globe exhausted of air, 
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they act slowly upon each other, and a peculiar fluid is formed, which — , 
appears like a heavy oil: hence the term olefiant gas, applied to this 


hydrocarbon by the Dutch chemists. Chloric ether is the name applied 
to this fluid by Dr. Thomson, who, in 1810, ascertained that its compo- 
nent parts were chlorine and carburetted hydrogen. It was afterwards 
examined by MM. Robiquet and Colin (Ann. de Chim. et Phys., 1. and 
ii.), and more lately by Regnault (Ann. de Chim. et Phys., uxix. and 
txx.) The term Hydrochloride of Carbon, or Hydrocarburet of Chlorine, 
may properly be. applied to it. It also may be formed by allowing a 
current of each gas to meet in a proper receiver; but there should be 
excess of olefiant gas, for if the chlorine be in excess, the liquid absorbs 
it. To purify it it should be washed in water, and then carefully distilled 
from fused chloride of calcium. It is transparent and colourless; its 
taste sweet, and somewhat acrid; its specific gravity = 1:2. It boils at 
152°. According to Gay Lussac the specific gravity of its vapour is 3°44. 
It burns with a green flame, evolving hydrochloric acid, and largely 
depositing charcoal. It is decomposed when passed through a red-hot 
tube. As it is produced by equal volumes of chlorine and olefiant gas, 
it must be a compound of f 
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From Mr. Faraday’s experiments, it appears that, by exposing this 
hydrochloride of carbon to the action of excess of chlorine, hydrochloric 
acid and chloride of carbon are the results. (See CHLORIDE oF CARBON.) 
And Mitscherlich states, that when it is exposed in the contact of water 
to the direct solar rays, it is converted into acetic ether and hydrochloric 
acid (Lehrbuch, 141). 

Another view of the atomic constitution of this hydrochloride of car- 
bon has been adopted by Regnault, which regards it as a combination of 
hydrochloric acid with the chloride of acetyl; the term acetyl being 
applied to a hypothetical hydrocarbon composed of 4 Car +3 h, which is 
considered as the base of acetic acid, to which, therefore, I must here 
refer: but in reference to the present question it will be obvious that 2 


atoms of hydrochloride of carbon contain the elements of chloride of acety] 


and hydrochloric acid, for 2 (2 Cd? +2 Atos (4CaYr 3 h) +¢e4+(h+ Gy. 
The origin and further application of these views will be apparent by 
reference to the theory of etherification, which is treated of under organic 
products: but they seem to me to involve discrepancies in respect to the 
densities of olefiant gas and of the vapour of the hydrochloride, and to 
confound olefiant gas with etherine or quadrihydrocarbon. 


OxLEeF1ant Gas AND Iopinge. JopipE or HyprocarBon. HypRiopIDE 
or Carson. HyprocarsureT OF Toning. (2CA? + 2h+2.)—When 
iodine and olefiant gas are exposed to the action of light, they form a 
compound, first obtained by Faraday (Phil. Trans., 1821, p. 72). Iodine 
and olefiant gas were put in various proportions, into retorts, and exposed 
to the sun’s rays: after a while colourless crystals were formed, and a 
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partial vacuum was produced: the gas in the vessels was found to contain 
no hydriodic acid. The compound was purified by introducing a solution 


__ of potassa into the retort, which dissolved the free iodine; the substance 
was then collected, washed, and dried. 


The hydriodide of carbon is a white crystalline solid, volatile without 
decomposition, and in some respects analogous to the hydrochloride of 
carbon ; its taste is sweet, and its odour aromatic. It sinks in sulphuric 
acid of the specific gravity 1°85. It is a non-conductor of electricity. 
When highly heated it evolves iodine: it is not readily combustible, but 
when held in the flame of a spirit-lamp, burns, diminishing the flame, 
giving off abundance of iodine, and some fumes of hydriodic acid. It is 
insoluble in water, and in acid and alkaline solutions. It is soluble in 
alcohol and ether, and may be obtained in crystals from these solutions, 
The alcoholic solution is of a very sweet taste, but leaves a sharp sensa- 
tion upon the tongue. Sulphuric acid does not dissolve it, but, when 
heated in the acid to between 300° and 400°, it is decomposed, appa- 
rently by the heat alone, and iodine and a gas (probably olefiant) are 
liberated. Boiling solution of potassa acts on it very slowly, but does 
gradually decompose it. A 

It was analyzed as follows, (Quarterly Journal, xiii.) Four grains 
were passed in vapour over heated copper in a green-glass tube; iodide 
of copper was formed, and pure olefiant gas evolved, amounting to 1:37 


cubic inches, or 0°413 grains. Now 4 grains, minus 0°413 grains, leaves 


3°587 of iodine, and 3°587 : 0°413:: 126: 14:3 nearly; the constitution 


_ of this compound, therefore, is analogous to that of the hydrochloride of 
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carbon; it may be regarded as composed of 
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OLEFIANT GAs AND BroMINE. HypROBROMIDE OF CarRBoN. Hypro- 


CARBURET OF BRoMINE. (2CAP+2 h+ b.)\—When hydriodide of carbon 
is added to bromine, a hissing noise is produced, with much heat, and a 
bromide of iodine and fluid hydrobromide of carbon are formed. The 
bromide of iodine may be removed by water, and the hydrocarburet, 
with a slight excess of bromine, remains. It may be rendered colourless 
by a little alkali. If the hydriodide of carbon is in excess, but little of 
the hydrobromide is formed, but a subbromide of iodine. 

The pure hydrobromide of carbon is colourless, heavier than water, 
of a penetrating ethereal odour, a very sweet taste, and very volatile. It 
does not change colour by exposure to air. At 22° it becomes solid, and 
breaks like camphor. It was formed, by Balard, by letting a few drops 
of bromine fall into a flask of olefiant gas. (Ann. de Chim. et Phys., 
xxxiv.) It consists of 


Carbon jae he hd a Sod, 


Pe 
Hydrogen Jeg Oye near me ag eee ae Es | Olefiant cen, ie! De 
Bromine Se hae be era Zoe we ts G47 G., DROIT re Mme leases FR 
Bromide of hydrocarbon 1 92 100-00 1 92 


2N 


546 . - -BICARBURET- OF HYDROGEN, 


3 Brcarsurer or Hyproany. (6 car +3h.)—For our’ knowledge of 


this combination we are indebted to Mr. Faraday. (Phil. Trans., 1825, — 
p- 440.) When certain oils are passed through red-hot tubes, as in the | 


process for making gas for the purpose of illumination, there is at the 


same time a vapour produced, which, by considerable pressure, and by — 


cold, may be reduced to a liquid state. Large quantities of this liquid 
were obtained at the Portable Gas-works, by subjecting the gas produced 
by the decomposition of whale oil, to a pressure of 30 atmospheres; this 
occasioned the deposition of the fluid, which was drawn off by a valve: it 
effervesced as it issued forth, and by the difference of refractive power, a 


dense transparent vapour was seen at the same time descending through 


the air. This effervescence immediately ceased, and the liquid was 


readily retained in ordinary stoppered bottles. 1000 cubical feet of good P 


gas yielded nearly one gallon of it. It appeared asa thin light fluid, 
sometimes transparent and colourless, at others opalescent, being 
brown by transmitted, and green by reflected light; it had the odour 
of oil gas. Its specific gravity was 0°821: it did not congeal when 
cooled down to 0°; was insoluble in water, readily soluble in alcohol, 
ether, and oils; slowly decomposed by nitric acid; and formed peculiar 


combinations with sulphuric acid, afterwards to be noticed. This fluid ’ 


Mr. Faraday found to be a mixture of various bodies, differing in their 
degrees of volatility: to separate them, he carefully distilled successive 
portions of it into receivers, cooled to 0°, the receiver being changed with 
each rise of 10° in the retort, and the liquid retained in a state of ineipi- 
ent ebullition: it was thus found that the boiling-point was most constant 
between 176° and 190°, at which temperature considerable quantities 
passed over without any change in the degree. Of this rectified fluid a 
portion was exposed to a temperature of 0°, when part of it solidified, and 
being collected and dried by pressure, did not liquify till raised to 28°. 
This portion constitutes the compound which we have above termed 
Bicarburet of Hydrogen. It appears as a colourless transparent liquid, 
having a peculiar odour like oil-gas mixed with that of bitter almonds. 
Its specific gravity is 0-85 at 60°. When cooled to a little below 32°, it 
solidifies, and contracts considerably on congealing. It does not conduct 
electricity; evaporates when exposed to air; boils at 186°. The specific 


gravity of its vapour is 2°77, or compared with hydrogen as 39 tol. 100- 


cubical‘inches, therefore, at mean temperature and pressure, would weigh 
about 85 grains. Itis very slightly soluble in water, but readily soluble in 
alcohol and ether, and in oils. It burns with a bright flame and much 
smoke, and when put into ‘oxygen furnishes sufficient vapour to form a 
detonating mixture. Passed through a red-hot tube, it is resolyed into 
- carbon and carburetted hydrogen gas. Placed in the sunshine in chlo- 
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rine, heat is evolved, hydrochloric acid formed, and a solid and liquid are — 


produced, which appear to be compounds of chlorine, carbon, and hydro- 
gen. lJodine does not act upon it, but dissolves it in small quantity, 


forming a crimson solution. Potassium exerts no action upon it ata — 


temperature of 186°. Neither alkalis nor their carbonates act upon it. 


Nitric acid occasions in it little other change than the formation of a — 


minute portion of hydrocyanic acid. Sulphuric acid added to it over 
mercury, exertecha moderate action; no heat was evolved, no blackening 


on 
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took place, no sulphurous acid was formed, but the acid became of a 
_ light-yellow colour, and a portion of a clear colourless fluid floated, which 
appeared to be a product of the action, and which was not altered by 
_ water, and solidified at 34°, being then white and crystallized. 

Mr. Faraday’s attention was next directed to the composition of the 
substance: he decomposed it by passing its vapour over heated oxide of 
copper, by which it was resolved into carbonic acid and water; and a 
careful determination of their weights gave (as the mean of several expe- 
riments) 1 hydrogen and 11°576 carbon, as its components. Several 
other experiments led to the conclusion, that in this substance the carbon 
and the hydrogen are in the mutual ratio of 12 to 1. But on examining 
the volume of oxygen requisite for the combustion of this substance, it 
was found that 100 volumes of its vapour required 750 of oxygen, and 
that the result was water, and 600 volumes of carbonic acid; so that to 
form the water 150 volumes of oxygen must have combined with 300 of 
hydrogen, and the remaining 600 volumes must have united to 300 
volumes of carbon vapour to form 600 of carbonic acid. Hence, as 
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we must accordingly conclude, that although the ratio of the carbon to 
the hydrogen, in this compound, is as 12 to 1, it, in fact, consists of 
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Liquip Hyprocarsuret.—In examining the liquid remaining after 
the separation at 0° of the above crystalline solid, it was found to exhibit 
peculiarities which seem to identify it as a peculiar and definite compound; 
and from such experiments as were made upon it, it is extremely probable 
that it consists of one proportional of each of its components, but in what 

“state of condensation has not been determined. 


QUADRIHYDROCARBURET. ETHERINE. (4CQ7'+4 h.j—It has already 
been stated, that a portion of the original oil-gas liquor is volatile at 
‘common temperatures; at the heat of the hand it passes off in vapour, and 
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may be collected as a gas over mercury. It burns with a brilliant flame: 
its specific gravity to that of hydrogen is as 28 to 1; to that of common 
air as 1-963 to 1; and 100 cubic inches weigh 59:3 grains. It condenses 
into a liquid when cooled to 0:, and enclosed in this state in a tube of 
known capacity, and herihetically sealed, the bulk of a given weight of it 
at common temperatures was aeportain cle this, compared with water, 
gave its specific gravity as 0°627 at 54°; so shat, among solids or liquids 
it is the lightest body known. It scarcely dissolves in water, but readily 
in alcohol, and the solution effervesces from the escape of vapour when 
water is added. It is abundantly condensed by sulphuric acid. One 
volume of the acid condenses above 100 volumes of the vapour, producing 
great heat, but no sulphurous acid. The solution is dark-coloured, has-a 
peculiar odour, and evolves no gas upon dilution. By detonation with — 
oxygen, it was found that 1 volume of the vapour required 6 volumes of 
oxygen for perfect combustion, giving rise to 4 volumes of carbonic acid. 
The remaining 2 volumes of oxygen must have combined with 4 of 
hydrogen to form. water. Upon which view, 4 volumes or proportionals 
of hydrogen = 4, are combined with two volumes of gaseous carbon, or 4 
proportionals (6 x 4) = 24, to form 1 volume of the vapour, the specific 
gravity of which, compared with hydrogen, would be 28, which is also its 
equivalent number; or if 
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components may be 
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and it consists of 
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Cnutoriwe or Ernertne.—<As the relative proportions of the elements 
‘ in this compound are the same as in olefiant gas, it became interesting to 
ascertain whether chlorine had the same action upon it. Chlorine and 
the vapour were therefore mixed in an exhausted retort, heat was evolved, 
and a liquid resembling hydrochloride of carbon formed; but it could not — 
be identified with it, inasmuch as it consisted of nearly ‘equal volumes of 
the vapour and of chlorine; and, therefore, contained twice as much car- 
bon and hydrogen. It was, texetares ‘seated with excess of chlorine in — 
sunlight; hydrochloric acid was formed, and chlorine absorbed; a peculiar — 
fluid was also formed, consisting of hydrogen, chlorine, and carbon, but no — 
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chloride of carbon. It seems not improbable that a compound of etherine 
and chlorine corresponding with that of olefiant gas and chlorine (or as 
some have called it “ the Dutch liquor,”) may exist, and this would agree 
with Regnault’s formula, (4ca7r+4h+2C.) The elements of this chloride 
of etherine would be perfectly consistent with those of a combination of 
hydrochloric acid, with chloride of acetyl; in which case etherine might 
be represented as a hydruret of acetyl, or as (4 car +.3h) +h, which, 
when exposed to chlorine, absorbs 2 volumes or equivalents; so that 
a chloride of acetyl and hydrochloric acid are formed, giving rise to 
(4car+3 A+ C)+ (A+ C.) In other words, etherine, losing an atom of 
hydrogen, becomes acetyl, and if that atom of hydrogen be replaced by an 
atom of chlorine, chloride of acetyl is formed; if the displaced atom of 
hydrogen also combine with an atom of chlorine, it produces an atom of 
hydrochloric acid, which, combined with the chloride of acetyl, produces 
the hydrochlorate of chloride of acetyl, the elements of which are those 
of a bichloride of etherine. Regnault further finds, that when the hydro- 
_ chlorate of chloride of acetyl is subjected to the further action of a stream 
of chiorine, another atom of hydrogen is carried off as hydrochloric acid, 
and an atom of chlorine left in its place; thus (4car-+3h+.c)+ (h+ C) 
becomes (4 C7’ +2 h+2c)+ (A+ C), and by the continuous action of 
chlorine the whole of the hydrogen is ultimately carried off as hydro- 
chloric acid, and perchloride of carbon remains. pas 
Mr. Faraday’s researches, in reference to the various forms of 
hydrocarbon, established a new and important fact in chemistry, which 
is, that substances may exactly resemble each other in the relative pro- 
portions of their constituents, and yet, in consequence of peculiarities 
in their atomic arrangement, exhibit perfectly distinct physical and 
chemical properties, presenting, as already remarked, a curious and 
interesting modification of isomerism. Thus, in etherine and in olefiant 
gas, the carbon and hydrogen are in the ratio of 6 to 1; but, in the former, 
the elements are united in the proportion of 24 to 4, and in the latter of 
12 to2. It has been observed by Dr. Turner, that this peculiarity is 
explicable on the supposition that the ultimate elements of such com- 
pounds are differently disposed. “It is to be presumed that the smallest 
possible particle of olefiant gas contains 2 atoms of carbon, and 2 of 
hydrogen; and that, in like manner, an integrant pafticle of etherine con- 
tains 4 atoms of each element. Neither of these substances could, I 
conceive, be formed by the direct union of a single atom of carbon and a 
single atom of hydrogen. Ifa combination of the kind were to occur, a 
hew compound, different from any known at present, would be the result.” 
In respect to the nomenclature applicable in such cases there is 
obviously much difficulty. The compound of 2 atoms of carbon and 2 
of hydrogen might be called bihydrocarbon, but the designation olefiant 
gas, however objectionable, is still generally retained. For the compound: . 
of 4 atoms and 4, the term quadrocarburetted hydrogen has been pro- 
posed, but that would rather imply it to consist of 4 atoms of carbon and 
1 of hydrogen, than of 4 and 4; the term quadrihydrocarbon or quadri- 
hydrocarburet has, therefore, been substituted; but. perhaps etherine is 
less objectionable, implying its existence as an hypothetical base of ether, 
under which we shall again have to advert to it. 
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‘'TrriyDROCARBON.’ Suprroterrant Gas. (3C0/+3 h.)—It ‘seems. 
probable that a hydrocarbon, the vapour of which contains in 1 volume 3. 
atoms of hydrogen and 3 of carbon, is occasionally produced during the | 
destructive distillation of oil; and Dr. Henry (Phil. Trans., 1821, p.156) 
adverts to such a compound, discovered in oil gas by Mr. Dalton. Dr. 
Thomson describes it under the name of tritocarbohydrogen, but till some 
definite mode of obtaining it has been pointed out, and its properties 
experimentally ascertained, its distinct existence must remain doubtful. 


NaputHa. (6CAr+5 h.)—This term is generally applied to a pecu- 
liar liquid hydrocarbon, which is both a natural and artificial product. — 
Natural naphtha is obtained in considerable quantity at Baku, near 
Derbent, on the north-west shore of the Caspian Sea. The soil is a 
clayey marl, and so impregnated with naphtha, that, when turned up to ~ 
the depth of a few inches, it will inflame on the application of a lighted 
candle; in this soil pits are sunk, in which the naphtha collects in con- 
siderable quantities. The purest European naphtha comes from Monte 
Ciaro, near Piacenza, in Italy: this hill consists of horizontal beds of 
argillite, in which pits are sunk till the water comes in, upon the surface 
of which the naphtha oozes and collects, and is occasionally skimmed off. 
An inferior kind is produced at Monte Festino, near Modena, in the ~ 
vicinity of which subterranean fires often break out. A similar liquid 
may be obtained by the distillation of petroleum, or mineral tar, a substance 
which will be described among Bitumens. | 

Under the name of coal-oil, or coal-naphtha, a product closely 
resembling the former is known in gas-works; it is one of the results of 
the destructive distillation of pit-coal, some of the varieties of which yield — 
it in large quantities; it is extremely volatile, and therefore generally 
passes on with the gas to the remoter parts of the condensing-apparatus, 
and often collects in large quantities in the gas-meters and gasometer- 
tanks, and even in the first branches of the mains, from the syphons of 
which it is often drawn off. When it is purified by distillation it is a 
colourless limpid liquid. 

_ The properties of naphtha differ somewhat according to the sources 
whence it is obtained, but when carefully rectified or purified by repeated 
distillation with water, it appears to possess the same leading characters - 
and coraposition, whatever be its source: indeed, it is extremely probable 
that natural and artificial naphtha are of one and the same origin, the 
former being derived from volcanic, the latter from ordinary distillation. 
The specific gravity of the purest Persian and Italian naphtha, varies 
from *750 to‘760. But of the coal naphtha, from ‘820 to ‘860.. The odour 
. of the former is strong, bituminous, but not disagreeable; that of the 
latter, penetrating and unpleasant. It does riot congeal at 0°. Upon — 
the approximation of a flaming body, naphtha takes fire and burns with a ~ 
voluminous, and very sooty, and difficultly-extinguishable flame. Itcom- — 
municates odour to water and to common alcohol; it dissolves in absolute — 
alcohol, and in ether, petroleum, and oils. Caustic potash forms an — 
imperfect soapy compound with it. Sulphuric and nitric acid slowly 
modify and decorapose it. When pure, it is not acted on by potassium 
or sodium, and is, therefore, used to preserve those metals from oxidation. — 
The boiling-point of naphtha is variously stated. It generally begins to boil — 
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at about 160°, and the thermometer gradually rises to about 200°, where 
it continues some time, and then again rises to above 300°. Dr. Thomson 
states the boiling point of Persian naphtha, to be 320° to 352°. The 
density of its vapour is about 2°8. It dissolves the greater number of 
the essential oils, and the resins, and a little phosphorus and sulphur, 
and corrodes cork; it is remarkable for its property of dissolving caout-: 
choue, which first swells up, and then gradually gelatinizes, when digested 
in it with the aid of a gentle heat: in this pulpy state it is used to render 
yarious articles of clothing water-proof; the goods are stretched out, and 
varnished over with it, and then their varnished sides are applied to each 
other, and made to adhere by powerful pressure, so as to form a compound 
fabric or texture: the manufacture is completed, and the solvent driven 
off, by exposure to a moderate heat. This important and well-known 
application of the solution of caoutchouc in naphtha, or coal-oil, was first 
suggested by Mr. Macintosh, of Glasgow. Among other sources of 


. naphtha, or at least of a liquid hydrocarbon closely resembling it in all its 


leading properties, we may enumerate caoutchouc itself, which yields it 
by destructive distillation: (See Caoutchouc.) The ultimate composition 
of naphtha has been variously stated, probably from the difficulty of 
obtaining it in one definite state, but all analysts agree in representing it 
as a true hydrocarbon. According to Dumas, a definite compound, 
having all the characteristic properties of naphtha, is obtained by 
depriving spirit of turpentine of its oxygen, by the action of potassium, 
and then subjecting it to careful distillation. (Ann. de Ch. et Ph., u. 238.) 
When the vapour of these hydroé¢arbons has the density of 2°87, one 
-yolume of it may be regarded as containing three volumes of carbon 


Grains. 
300 cubic inches of carbon vapour weigh . . . . 789 
500 9 hydrogen gas weigh . . « . 106 
100 Fe naphtha vapour should weigh 89°5 


Hence naphtha, or a hydrocarbon so constituted, would consist of 
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By subjecting coal-naphtha to the action of chlorine, Laurent (Ann. 


de Ch. et Ph., uxiii. 27) has obtained two acid compounds, to which he hag 
_ given the names of chlorophenisic and chlorophenesic acids. The former is 


.  awhite solid, constituted in its anhydrous state by (12 Car -+-3 h+20+3 C.) 
The latter is represented by (12 C7 +4 h+20+2 C.) 
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 Napntwauy. (10car+4h.)—This name was first given by Dr. Kid 
(Phil. Trans., 1821, p. 209), to a concrete crystalline substance found 


among the products of the coal-gas manufacture; it may be obtained by 
subjecting coal-tar to distillation; it passes over after the naphtha or coal- 
oil: when any of the varieties of the tar are so distilled that their vapour 
may be exposed to a high temperature, more or less naphthalin is formed. 
I believe that I first pointed it out as a binary compound of carbon and 
hydrogen, in 1819. (Quar. Journ., viii. 287.) It was afterwards examined 
by Mr. Chamberlain. (Ann. of Philos., xix.) Itis generally first obtained 
in translucent flakes of a red or brown colour. By slow sublimation with 
a portion of powdered charcoal, it may be obtained colourless, and nearly 
inodorous; but when heated, it exhales a peculiar faint odour, which has 
been compared to that of the flower of the narcissus. Its taste is slightly 
aromatic; it is heavier than water, unctuous to the touch, and slowly 
evaporates at common temperatures. It fuses at about 200°, and crystal- 


lizes as it cools; at 400° it boils and distils over, with little change. 


When inflamed, it throws off a singularly large quantity of black smoke, 
which diffuses itself in light films of carbon through the air. It is inso- 
luble in cold, and very slightly soluble in boiling water; alcohol, ether, 
the oils, and naphtha, dissolve it abundantly. The alkalis have no action 
on naphthalin: when long boiled in nitric acid, it is slowly altered, and 
a part of the acid decomposed: hot hydrochloric acid dissolves it very 
sparingly; acetic and oxalic acids more copiously: sulphuric acid dissolves 
and combines with it. 

The proportions of carbon and hydrogen which constitute naphthalin, 
were first. determined by Faraday, and his results subsequently confirmed 
by Liebig, Wohler, and Laurent. The specific gravity of its vapour is 
4:49, or compared with hydrogen as 64 to 1, so that 100 cubic inches 
should weigh 135 grains; assuming therefore 100 volumes of it to consist 
of 500 of carbon vapour, and 400 of hydrogen, 


Grains. 
500 cubic inches of carbon vapour... .. . = 1270 
400 a hydrogen gas . . . 2 6 sw we) 685 
TOO. eco es naphthalin vapour... . . = 135% 


Hence the atomic composition of naphthalin stands as follows:— 


Atoms, Vols. Sp. Gr. 
Carbo 6. IQ Be hO 9 2 Oe QBs ars aan me) een eee 
Hydrogen. . 4°... ATS G25 6S MN a 
Naphthalin . 1 G4 100-00 1 4-490 

‘Or, by volume, 
Carbon. Carbon. Carbon. Carbon. Carbon. 
6 6 - 
Carbon. Carbon, Carbon. Carbon, Carbon. Naphthalin j 
6 6 6 Vapour. 
nn ee | a. 
Hydrogen. | Hydrogen. | Hydrogen. | Hydrogen. 64 : 
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NAPHTHALIN AND CHLORINE. CHLORIDE or. NapatrHaiim. — The 
mutual action of chlorine and naphthalin has been examined by M. 
Laurent (Ann. de Chim. et Phys., ii. 275). When chlorine is passed 
over naphthalin, heat is evolved, hydrochloric acid formed, and a semifluid 
compound remains, consisting of solid and liquid chloride ; the latter 
may be removed by cold ether. The solid chloride is insoluble in water, 
sparingly soluble in hot alcohol, and more soluble in boiling ether, from 
which it separates on cooling in transparent rhomboids. It fuses at 320° 
and in close vessels boils and is decomposed; but when carefully heated 


‘ina current of air, it may be volatilized without decomposition. It is 


not readily acted on either by acids or alkalis. 

The liquid chloride, obtained by the evaporation of its ethereal 
solution, is yellow; insoluble in, and heavier than water: it is soluble in 
alcohol and ether, and may be distilled without decomposition. Analysis 
shows, that both these compounds contain chlorine in combination with 
a hydrocarbon, differing in composition from naphthalin; hence the term 
chloride of naphthalin is not quite appropriately applied to it. The exact 
proportion of its components has not been ascertained with precision. 


NapuTHa.in AND Nirric Actp.—Two compounds of nitric acid and 
naphthalin have also been described by Laurent (Ann. de Ch. et Ph., uix. 
381), which he has distinguished as nztronaphthalase and nitronaphtha- 
lese. By distilling nitronaphthalase with lime he obtained a solid yellow 
sublimate, which he considers as the basis of that compound, and which 
he has called napthalase. 


NAPHTHALIN AND SutpHuric Acip. SvLPHONAPHTHALIN. SuLPHo- 
NAPHTHALIC AcID. (20C0P+ sh+28’.)—The action of sulphuric acid 
on naphthalin has been investigated by Faraday (Phil. Trans., 1826). 
He found that, like several other hydrocarbons, it combined with ‘at acid, 
and produced a peculiar acid body, which he called Sulphonaphthalic 
acid. He obtained it pure, by the following process: Naphthaline was fused 
with half its weight of sulphuric acid, which, on cooling, formed a red 
crystalline compound, soluble in water; carbonate of baryta was added 
to its solution, by which sulphate and sulpho-naphthalate of baryta were 
formed; the former insoluble, but the latter soluble; its solution was 
filtered ‘off, and sulphuric acid added to it sufficient to precipitate the 
baryta. An aqueous solution of sulphonaphthalic acid was thus ob- 
tained, of a bitter acid taste, and powerfully reddening litmus: concen- 
trated by evaporation it becand brown, thick,‘ and, ultimately, solid and 
very deliquescent. By renewed heat it melted and charred, but did not 


flame, and ultimately gave sulphuric and sulphurous acid vapours, and 


left charcoal. Another portion of the acid was evaporated under an 
exhausted receiver, including a vessel of sulphuric acid. In some hours 
it became a white soft solid, apparently dry, and after a longer period 
was hard and brittle. In this state it was deliquescent in the air, but 
might be preserved unaltered in a close vessel. Its taste was bitter, ee: 
and metallic: when heated to 212° it melted, and erystallized and 


_ solidified as it cooled: more highly heated, water passed off, and it 


assumed a red tint, becoming probably anhydrous; further heated, it 
became brown and black, and naphthaline, sulphurous acid, and charcoal 
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were evolved. This acid dissolves in water, alcohol, and oils. — Its 
aqueous solution forms neutral salts with bases, all of which are soluble 
in water, most of them in alcohol, and all combustible, leaving sulphates 
or sulphurets, according to circumstances. 

To determine the composition of this acid, and its equivalent num- 
ber, its neutral salt with baryta was chiefly experimented upon: and 
the following appear to be the relative proportions of its elements:— 

Baryta,-. . Sid hd BOE Ty fi Ged ee ed i oe 


Sulphuric weld: 2. Shea Dy yim ws BOs Ve ABE 
Carbon . e e * . » 20 é s 120 ° . 42°] 


EL ydtegen (oc es es seus Deis Ors PS sae 2°8 
Sulphonaphthalate of baryta 1 285 100°0 


We have, therefore, the following composition of the sulphonaph- 
thalic acid :— 
Carton iF iid jee sek b20th i baede 120g ae aoe 
HVYdTOPeD sees IEE Oise 38 
Sulphuric acid . 2 30°. en eu 


—— 


ee ate 


Sulphonaphthalic acid . ] 208 100°0 


Of the two proportionals, therefore, of sulphuric acid, one is, as it 
were, saturated by the hydrocarbon, for it only combines with 77 of 
baryta, which will be found to be the equivalent of one proportional of 
that base. This curious property of hydrocarbon, indicating its capability 
of uniting to an acid, saturating it, and performing, as it were, the part 
of a basis, has been more extensively inquired into and illustrated by 
Mr. Hennell: his experiments relate chiefly to certain combinations 
concerned and developed i in the formation of ether, under which article 
the details will be given. 


PARANAPHTHALINE.— Under this term Dumas and Laurent (Ann. de 
Chim. et Phys., u. 187) have described a hydrocarbon closely resembling 
naphthaline in all its essential properties, but yielding a vapour having 
the density of 6°78, whence they infer that it consists of 15 atoms of 
carbon and 4 of hydrogen. Paranaphthaline is less volatile than naphtha- 
line, and, therefore, when coal-tar is distilled, it is among the latter of 
its products. According to Reichenbach (PoeeEnn., Ann., xxviii. 484), 
paranaphthaline isa mixture of naphthaline and another definite hydro- 


carbon, which he terms parqffine, and which we shall describe amongst — 


organic products. 


IpRIALINE.—This term is applied by Dumas to a native hydrocarbon, 
found in the mercury-mine of Idria, in Carniola, and which appears to 
be very analogous to naphthaline: it is said to consist of 3 atoms of 


carbon and 1 of hydrogen. (Ann. de Chim. et Phys., u. 193.) 


Gas Innummation: Coat-Gas.—Mixtures of the hydrocarbons now 
described, and of some other gaseous compounds, are abundantly produced 
during che destructive distillation of coal and oil, and of a variety of other 


vegetable and animal substances; and the gases thus obtained are 4 


employed for the purposes of illumination, as economical substitutes for 


tallow, oil, &c. The destructive distillation of pit-coal is a processcarried 
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on upon a very extensive scale in several public and many private esta- 
blishments. The coal is placed in oblong cast-iron cylinders, or retorts, 
which are ranged in furnaces, to keep theni at a red-heat, and all the 
volatile products are conveyed by a common tube into a condensing vessel, 
kept cold by immersion in water; and in which the water, tar, ammonia- 
cal, and other condensible vapours, are retained: the gaseous products 
consist principally of varieties of carburetted hydrogen, with more or less 
sulphuretted hydrogen, and carbonic oxide, and acid: these are passed 
through or over hydrate of lime, or through a mixture of quicklime and 
water*, in vessels called purifiers, by which the sulphuretted hydrogen and 


carbonic acid gases are absorbed, and the carburetted hydrogen gases 


transmitted sufficiently pure for use into gasometers, whence the pipes 
issue for the supply of streets, houses, &c. The coke remaining in the 
retorts is of a very good quality. 

The specific gravity of purified coal-gas is liable to much variation: 
sometimes it falls below 0°450, and at others exceeds 0°650. These dif 
ferences are partly referable to the nature of the coal, but chiefly to the 
manner in which the process of distillation is conducted, as to duration, 
and temperature: it has already been remarked, that when the varieties 
of hydrocarbon are passed through highly-heated tubes, they are more or 
less perfectly decomposed into carbon and hydrogen: hence the gas which 
is obtained at a high temperature, or which, after its formation, has been 
in contact with red-hot surfaces, is apt to be partly decomposed; it is 
thus increased in bulk, but diminished in specific gravity, and in illumi- 
nating power; hence, too, analysis detects in coal-gas, more or less 


* Mr. Parker, of Liverpool (Phil. Mag. 
vol. iii. p. 292), has proposed to pass the 
gas, as it comes from the coal-retorts, 
through red-hot iron tubes, by which the 
contaminating gases and vapours are 
further decomposed, and the quantity of 
useful gas much increased. ‘This sug- 
gestion, if it succeeded, would greatly 
diminish the quantity of tar; but as car- 
buretted hydrogen is decomposed at a 
red heat, it would, probably, tend to di- 
minish the illuminating power of the gas, 
though it would increase its quantity. 
The purification of coal-gas is a subject 
of the utmost importance, especially as 
relates to perfectly freeing it from sul- 
phuretted hydrogen, which if present 
produces sulphwrous acid during combus- 
tion, and is, therefore, highly noxious ; in 
the case of the escape of unburnt gas, 
sulphuretted hydrogen is an equal evil ; 
it is fetid and unwholesome, and it 
causes the immediate tarnishing of silver 
and other metals: its presence is fortu- 
nately very easily detected by a piece of 
paper moistened with a solution of sugar 
of lead, and no gas should be allowed to 
be burned, which Oélackens that test. 
Coal-gas, however, though free from 


sulphuretted hydrogen, occasionally pro-. 


duces a little sulphurous acid when 
burned, and in such cases I suspect the 
presence of the vapour of sulphuret of 
carbon. Ammonia or some ammoniacal 
compound is also often found in coal-gas 
even after it has been deprived of all 
sulphur: its presence is very injurious 
to copper tubes and brass stop-cocks, 
It has been proposed to free the gas 
from this contamination by passing it 
through dilute sulphuric acid, or through 
a solution of alum. 


+ The following is, I believe, a correct 
account of the manufacture of gas for 
London and the suburbs on the Ist of 
January, 1835. 30 gas-works employing 
a capital of 2,200,0007. and deriving a ~ 
yearly rental of about 490,000/., using 
annually about 112,000 tons of coal, 
which produce about 1600 millions cubie 
feet of gas. There are in these works 
about 130 gas-holders, the united con- 
tents of which exceed 3,500,000 cubic 
feet; they supply about 120,000 lamps. 
During the longest nights, about 
4,910,000 cubic feet of gas are consumed 
each night, for the production of which 
about 550 tons of coals are daily car- 
bonized. | PURER Se gs Ste SS 
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uncombined hydrogen. The best kind of coal for distillation is that 


which contains most bitumen and least sulphur. The chaldron should » 


yield about 12000 cubical feet of purified gas, of which each Argand’s 


burner, equal to six wax-candles, may be considered as consuming from ~ 


four to five cubical feet per hour. 


Or, Gas.—Some years ago, Messrs. J. and P. Taylor invented an ap- 
paratus for the conversion of oil into gas. It consists of a furnace with a 
contorted iron tube containing fragments of brick or coke, passing through 
it, into which, when red-hot, the oil is suffered to drop; it is decomposed, 
and converted almost entirely into charcoal, which is deposited in the 
tube, and into a mixture of carburetted hydrogen gases and vapours, of 
which from two to three cubic feet may be regarded as equivalent to five 
or six of coal-gas, for the production of light. (Quarterly Journal, vol. 
vii.) The commonest whale-oil, or even pilchard-dregs, quite unfit for 
burning in the usual way, afford abundance of excellent gas, requiring no 
other purification than passing through a refrigerator, to free it of its more 
condensible vapours*. A gallon of whale-oil affords about 90 cubical 
feet of gas of an average specific gravity of 0-900, and an Argand burner, 
equal to seven candles, consumes a cubical foot and a half per hour. If 
its specific gravity exceed 0:900, it may be considered as containing too 
large a proportion of the heavier hydrocarbons, by which the bulk of the 
produce is much diminished, which are apt to condense in the pipes and 
gasometer, and which also occasion a fuliginous deposit during the con- 
sumption of the gas in ordinary burners. 


Restn Gas.—In consequence of the high and generally fluctuating price 
of oil, it became an important object to obtain a gas, of equal brilliancy 
and purity to that which it affords, from materials at once cheaper and 
less liable to fluctuations of value; and with this view, attempts were 
made to decompose resin, in the apparatus above described. For this 
purpose melted resin was substituted for the oil; but the exit-pipes, by 
which the gas flowed off, soon became choked with a thick bituminous 
substance, which stopped the process; and the product of gas was small, 
and of inferior: quality. Mr. Daniell overcame this difficulty, by the 
invention of an apparatus, for which he obtained a patent. The exit- 
pipe of the.oil-gas apparatus rose from the upper part of the retort, and 
was purposely carried to a considerable height, that the volatile oil, which 
was condensed during the process, might flow back and add to the product 
of gas by its decomposition. It was the return of the volatile oil from 
resin, which choked up the pipes when that substance was employed; 
and Mr. Daniell, observing this, led the exit-pipe from the under part of 
the retort into the hydraulic main, so that the, return of any condensed 
vapour was rendered impossible. His mode of treating the resin is to 
dissolve, with the assistance of a gentle heat, about 8 lbs. ina gallon of the 
essential oil, which is plentifully formed during the decomposition of oil 
for makiug gas, or of resin itself. This solution is allowed to trickle into 


P * Mr. G. Lowe, of the Chartered Gas | 10 per cent. of carbonic acid, the effect 
Company, informs me that the gas from | of which on the illuminating power of 
oil and resin not unfrequently contains | the gas must be very detrimental. 
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the heated retort half filled with coke. A small diaphragm, just behind 
the exit-pipe, and filling half the diameter of the retort, prevents any of 
the liquid flowing into the hydraulic main. When the process is properly 
conducted, about 1000 to 1200 cubic feet of gas are obtained from the 
ewt. of resin, and rather more than the original quantity of volatile 
oil is condensed, which.is again employed for the solution. It is 
necessary to add a small quantity of lime to the essential oil, to neutralize 
a little acetic acid, which is formed during the process. The apparatus 
works perfectly free from all obstruction. The gas thus formed is equal 
in quality to oil-gas of 100 cubic feet to the gallon. Its average specific 
gravity is 0°850; it requires no purification; and its smell is rather resin- 
ous, and not nearly so offensive as that of either oil or coal-gas. Two 
cubic feet are equal in illuminating power to above five of the common 
coal-gas, and the expense of the material from which it is made, is not 
above one-third of the expense of oil. The sources of supply are as inex- 
haustible, and more generally distributed, than those of coal; and the 
forests of America, France, Spain, and Italy, yield the tur pentine in quan- 
tities only limited by the demand. Many large towns in this country, in 
America, France, Holland; and the Netherlands, at one time adopted the 
use of this gas, nt the late improvements in the production of coal-gas 
have I believe led to the abandonment both of it and of oil-gas. The 
elegance and simplicity, however, of the manufacture, and the compara- 
tively small capital required for the erection of the works, may, in some 
situations, give it a preference. 

CoMPOSITION AND ANALYSIS OF THE GASES USED FOR ILLUMINATION.— 
Dr. Henry’s researches are the most important in reference to the philo- 
sophy of the art of gas-illumination (Nicnotson’s Journal, 1805; Phil. 
Trans., 1808 and 1821, and 1824), and much interesting matter con- 
nected with the subject will be found in an essay by Dr. Turner and Dr. 
Christison (Edin. Phil. Jour., 1825). The treatises of Mr. Accum and of 
Mr. Peckston contain an account of the apparatus, with details as to its 
construction and expense, together with much useful practical information. 

The analysis of a mixture of hydrogen with carbonic oxide, carbonic acid, 
and hydrocarbon, often requires to be performed in investigations relating 
to the gases used for illumination; it may be approximately effected as 
follows: A hundred measures of the gas are introduced into a graduated 
tube, and the carbonic acid absorbed by a solution of potassa; the 
remaining gasis then transferred to thrice its volume of chlorine of known 
purity, standing over water in a tube of about half an inch diameter, and 
carefully excluded from the solar rays; after 24 hours the hydrocarbons 
and the excess of chlorine will have been absorbed, especially after a little 
agitation, and the remaining gas, if it consist of carbonic oxide and hydrogen 
only, may be analyzed by detonation with oxygen in excess; the measure 
of carbonic acid formed being equal to that of the original carbonic oxide. 
This proceeding depends upon the non-formation of chlorocarbonic acid in 
a mixture of carbonic oxide and chlorine in the contact of water, and out 
of the direct agency of the solar rays. Such mixture I have kept several 
days, occasionally renewing the chlorine as it became absorbed by the 
water, and have not observed any diminution in the bulk of the carbonic 
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oxide. In these cases it is necessary to ascertain the purity of the chlo- - 
rine by its absorption by water, and to take care that no hydrocarbon has 
escaped its action. 

But in consequence of the presence of other compounds of carbon and 
hydrogen, and of those singular vapours discovered by Mr. Faraday, in 
coal, and especially in oil and resin gases, the accurate analysis of these 
complicated products becomes a problem of some difficulty. Dr. Henry's: 
papers (in the Phil. T'rans., for the years 1818, 1820, and 1824, and in 
the Annals of Phil., vol. xv.,) contain details upon the subject, which the 
student should carefully consult. The removal of the hydrocarburetted 
yapours from these gases may, as Mr. Faraday has shown (Phil. Trans., 
1825, page 461), be accurately effected by the agency of sulphuric acid: 
this also absorbs olefiant gas, but much less rapidly than the vaporous 
compounds; and if the gas under examination be diluted with three or 
four times its bulk of common air or of hydrogen, and excluded from the 
sunshitie, the absorption of olefiant gas by the acid will be prevented. 
The hydrocarburetted vapours may also be removed by subjecting the 
gas to the action of olive-oil already saturated with olefiant gas. 

As far as concerns the comparative value of different hydrocarburetted 
gases for the purpose of illumination, it seems evident, from Dr. Henry’s 
experience, that, whatever be their source or composition, it may be most 
accurately determined by the quantity of oxygen required to saturate 
equal volumes. In other words, the illuminating powers of the different 
gases will be proportioned to the number of volumes of gaseous carbon 
condensed into one volume of the gas; and of these the oxygen consumed, 
‘and the carbonic acid produced, afford an accurate measure. (Henry's 
Elements, 1826, vol. i. 432.) “If 100 volumes, for instance, of one gas, 
require for perfect combustion 100 volumes of oxygen, and 100 volumes 
‘of another gas take 200 of oxygen, the value of the second will be double 
that of the first. Specific gravity, though a guide to a certain extent, is 
not a sufficient one; for the weight of a gas may be owing to a large pro- 
portion of carbonic oxide, which only gives out a very small quantity of 
light. Photometrical experiments also appear to me to require greater 
perfection in the instruments that have been invented for that purpose, 
before we can implicitly trust to results obtained by their means: but 


there canbe no fallacy in the combustion of these gases by oxygen, if _ q 


conducted with ordinary care, and especially if in each instance an average 


be taken of two or three trials, which need not occupy more than a few — a 


minutes. Nor can it admit of doubt, that, other circumstances being 
equal, the brilliancy of light evolved by the combustion of gases which 
are constituted of purely inflammable matter, will bear a proportion to 
their densities, perhaps even a greater proportion than one strictly arith- 
‘metical; because, while, by the combustion of denser gases, a higher 
temperature is produced, the cooling agencies remain the same. It is 
‘probable, therefore, that of two gases composed of the same ingredients, 
that which has a double density will afford somewhat more than a double © 
quantity of light.” 3 


_ Economy or Gas-Intumrnation.—The economy of gas-illumination 
may be judged of by examining the value of the products of distillation 


* 
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of a chaldron of coals, the average cost of which may be considered as 


25s. It should afford— 
Bias i'd 
Peplialanon of ola. atts odo. dios’ oicth as wher ste dances O16 0B 
24 gallons of tar, ammoniacal liquor, and other products, at 1d. 0 2 0 
12000 cubic feet of gas, at 10s. per 1000C,F. . . oe ae EE Or. O 
£6 18 3 


These products are taken nearly at their lowest value, but they afford 
ample grounds for showing the advantage of gas-illumination, not merely 
for public purposes, but also in priyate establishments. It appears that 
where about one hundred lights are required, a coal-gas apparatus will 


be found profitable. 


The cost of a lamp, fed by gas, and giving the light of seven 


candles, will be. 


° ° . 


Of Argand’s lamp, with spermaceti oil . . 


Mould-candles . . . 
Waxeeandies .- 3 sc) us 


® ‘ 


Soe 
vivant 0 02 per hour, 
0 3 
0 33 
we Fay dy AV el aaote OAR 


The following Table by Dr. Ure shows the relative intensities of light 
afforded by the combustion of different candles :— | 


Number in a Pound. aD Sa cee 
110 mould 5h. 9m 682 
10 dip . 4 36 672 
8 mould 6 3r 856 
6 ditto 7 4 1160. 
4 ditto eo ck B86 1787 
Argand oil-flame ; «Sits 


Consump- 
tion per | Proportion’ Economy Candles 
Hour: of Light. | of Light. equal to 1 
Grains. Argand. 
132 123 68 5-7 
150 13 653 525 
132 105 593 G6 
163 142 66 F 
612 69°4 100 


A pint of the best sperm oil, weighing about 13 ounces, burns, in a 
well-trimmed Argand, about 10 hours*, 


* The following answers to some 
questions put by the Committee of the 
Athenzeum Club to Mr. Faraday, are so 
generally applicable, that I venture to 
introduce them here. “Q. What is the 
‘ratio of light of an oil and gas burner ?— 
In an excellent Argand oil lamp, com- 
pared with a 15-hole gas burner, the 
light of the gas was to that of the oil as 
21to013. Q. What is the ratio of heat ? 
—In experiments made to determine 
-the heat evolved for equal quantities of 
-light from oil and gas burning brightly 
from Argand burners, the heat from the 
oil being 2, that from the gas was nearly 
3. Q. Is either sulphurous or sulphuric 
acid formed by the combustion of coal- 
gas in the ordinary way?—A little sul- 
phurous or sulphuric acid is generally 
formed from the combustion of coal- 
gas. If well-purified gas be used this 
product is rarely sensible: it is less sen- 


sible as sulphuric than as sulphurous 
acid. Upon closely questioning persons 
who have declared they smelt the sul- 
phur from gas, I have usually found they 
meant something else—generally the 
oppressive heat, or the dry sensation, or 
the smell of a little gas unburnt, none of 
which have anything to do with the 
sulphur product from gas. Q. From a 
gas light, properly regulated, does un- 
burned gas escape?—I do not believe 
that any gas escapes unburnt from a gas 
light well regulated. It is far more 
likely that oil vapour should escape un- 
consumed from an oil burner than gas 
from a gas burner. Q. Will an oil or 
gas light soonest soil the ceiling of a 
room?—Neither oil nor gas ought to 
soil, or will soil, the ceiling of a room, if 
well regulated. Either will do so when 
badly regulated. I think, of the two, 
oil is most liable to do so; because of 
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CarRBon AND Nitrogen. Bicarpuret or Nitrogen. CYANOGEN. 


Prussinr. (2CQ+) or CY, or NC2.—This gaseous compound was 
discovered in 1815, by Gay Lussac (Ann. de Chim., xcv.), and termed 
cyanogen (from xvavos, blue, and yevvaw, I generate), in consequence 
of its being essential to the formation of Prussian blue. It may be 
obtained from dry and pure crystals of cyanuret of mercury. This sub- 
stance, when heated in a small glass tube to dull redness, becomes black, 
and a quantity of mercury passes over and condenses in the cold part of the 
tube: the gas which is at the same time evolved must be collected over 
mercury. Under a pressure of between three and four atmospheres 
at the temperature of 45°, Mr. Faraday condensed cyanogen into a 
limpid colourless liquid, of a specific gravity of about 0-9, and a refrac- 


tive power rather less than that of water. 


When a tube containing it 


was opened, the expansion within appeared inconsiderable, and the 


liquid slowly evaporated, producing intense cold. 


electricity. 


It does not conduct 


At common temperatures and pressures, cyanogen is a colourless gas, 
and has a penetrating and peculiar smell, somewhat resembling that of 
‘bitter almonds. When a lighted taper is dipped into it, it is immedi- 
ately extinguished, but the gas takes fire and burns upon the surface, in 


the changes which take place in the 
wick, in the temperature of the oil, &c., 
during burning, and which do not occur 
with a gas lamp properly regulated. 
Q. What are the comparative effects of 
oil and gas lights on the quality of the 
air, light for light?—It is exceedingly 
difficult to ascertain, and, if ascertained, 
to describe correctly the effects of lights 
on air, so as to convey a just opinion of 
their influence; thus, their power of 
heating is of advantage and desirable up 
to a certain point, and above that point 
is unpleasant and disagreeable: but that 
point depends upon many other things 
‘as well as the lights, and, what is still 
more important, differs for different per- 
‘sons, so that it becomes impossible to 
please all, Gas light will heat air faster 
than oil light; it therefore at first does 
good quicker, and afterwards does harm 
quicker than oil.. As to the propor- 
tionate deterioration of air by the oxy- 
gen abstracted, I think it probable that 
gas would, light for light, have the greatest 
-effect; but I do not believe that effect 
would be sensible in either case.’ As to 
the deterioration of air by the sulphurous 
acid and unburnt gas thrown into the 
‘room, I think little of it. @Q: What are 
the comparative qualities of the light 
from oil and gas?—When the oil was 
burning in its best manner, still it gave 
a much yellower flame than the gas; the 
whiteness of the gas flame is a necessary 
consequence of its higher temperature. 


Q. Taking all the circumstances into 
consideration, what, in your opinion, is 
the cause of the oppressive feeling com- 
plained of in certain rooms in the Athe- 
neum?—In my opinion the principal 
cause of complaint is of the following 
nature: a house has been built, and 
every endeavour made to render floors, 
ceilings, windows, walls, and doors, tight 
and close; the rooms in it are well 
warmed during the day, and are brought 
to such a temperature and state that the 
first person who enters is fully satis- 
fied ; from fifty to two hundred persons 
are then introduced, evolving both heat 
and effluvia; a number of powerful gas 
burners are next put into and continue 
in action; and when the injurious agency 


of these causes is continued for one, two, 
or three hours, complaints are made 


that the heat is oppressive, or the odour. 
unpleasant. Things are arranged so as 
to’produce a perfect effect under one set 
of circumstances, and then, changing the 
circumstances, the effect is expected to 
remain the same, though it must of neces- 
sity be different. The large room and the 
library are made quite warm enough by 
daylight, when there are only a few per- 
sons there : then they are lighted, many 
persons enter, and they must of course 
very soon expect an oppressive sensation. 
I have no hesitation in believing that 
the cause of these complaints might be 
removed by extending and adjusting the 
system of ventilation.” 
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contact with air, with a beautiful and very characteristic purple flame. 
Its specific gravity to hydrogen is as 26 to 1; and to common air as 1:82 
to 1; 100 cubic inches weigh 55-5 grains, (56472 grains, TuRNER; or 


_at the temperature of 32°, 59:2023 grains, Tuomson.) It sustains a high 


temperature without decomposition. Water dissolves 4:5 volumes, and 
alcohol 23 volumes, of this gas. Sulphuric ether and oil of turpentine 
also absorb it. The aqueous solution reddens vegetable blues; and, 
according to Vauquelin (Ann. de Ch. et Ph., Oct. 1818), is subject to 
spontaneous decomposition, being gradually converted into carbonic and 
hydrocyanic acids, ammonia, a peculiar acid, which he calls the cyanic, 
and a brown substance containing carbon: the ammonia saturates the 
acids, and the carbonaceous compound is deposited. These changes are 
referable to the mutual reaction of the elements of cyanogen upon those of 
water. According to Wéhler (Ann. de Ch. et Ph., uxiii. 73), the mutual 
action of cyanogen and water is attended by the production of cyanic acid 
and ammonia, which, by combination, generate wrea. 

Cyanogen may he analyzed by detonation with oxygen, or by passing 
it over red-hot oxide of copper. One volume, detonated over mercury, 


_ with two of oxygen, produces two volumes of carbonic acid and one of 


nitrogen: whence it appears that cyanogen consists of its own volume 
of nitrogen, combined with carbon sufficient to form two volumes of 
carbonic acid; or of equal volumes of nitrogen and gaseous carbon; and 


if so constituted, as 
> : Grains. 

100 cubic inches of carbon vapour weigh . . « »« 25°4 

100 ” nitrogen gas. 2 6 6 6 oe + 81 


—— 


100 a cyanogen vapour should weigh . 55°5 


Cyanogen, therefore, is constituted of 
Vols. Sp. Gr. 
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Nitrogen. | —.] Cyanogen. 


or it may be represented as annexed: 
| 26 


and the following diagrams show the result of its detonation with oxygen: 


Before detonation. After detonation. 
One volume of Cyanogen and two One volume of Nitrogen and two of 
of Oxygen. Carbonic Acid. 
\ alae tt ieee 
Carbonic 
Cyanogen. Nitrogen, Acid. 
26 14 22 
Carbonic 
Acid, 
22 
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Iodine, sulphur, and phosphorus, may be sublimed in cyanogen with- 
out change; but when they are heated in contact with cyanuret of mer- 
cury, compounds of those bodies with cyanogen are the result. It also 
combines with the metals, and constitutes compounds which might be 
called nitrocarburets: they are usually called cyanurets, or cyanides. 
The cyanurets also combine with each other, and produce an extensive 
and curious class of salts which have been termed double cyanureis. As 
a salifying body, therefore, cyanogen may be compared to chlorine, 
iodine, &c., for it not only combines, as a simple body would do, with 
the metals, but also forms a hydracid with hydrogen; in some of its 
properties it bears an analogy to sulphur, 


Carpuret oF Nirrocgen.—I employ this term to designate the brown 
matter which remains in the retort after the preparation of cyanogen from 
cyanuret of mercury, and which, according to Mr. Johnston (BREWSTER'S 
Journal, Second Series, i. 75), is a solid compound of carbon and nitrogen, 
isomeric with cyanogen. The same compound is produced by the action 
of mercury on a saturated alcoholic solution of cyanogen, and is also 
probably formed by charring certain animal substances. It is soluble in 
the alkalies. Heated in the air it yields several definite compounds of 
carbon and nitrogen in succession, and ultimately leaves a residue con- 
taining 1 atom of carbon and 1 of nitrogen, so that the carbon gradually 
burns away, leaving the nitrogen fixed till a protocarburet is formed. 


CyANoGEN AND Oxycren.—According to Liebig and Wohler, there are 


= 


| 
5 
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three distinct isomeric combinations of cyanogen and oxygen, which may | 


be represented as follows:— 
1. Cyanic acid . . . (€CY+0) 
2. Fulminic acid . . (@2CY+20) 
3. Cyanuric acid . . (3CY+30) 


Cyanic Actp. (2CAr-+N+0) or (CY+0) or CYy/.—The existence 
of an acid composed of cyanogen and oxygen, was first suspected by 
Vauquelin; but for our knowledge of its composition, and properties, we 
are indebted to Wohler and Liebig. When cyanogen is passed into 
alkaline solutions it is absorbed, and a cyanuret and cyanate are formed, 


which, however, cannot be effectually separated, so that, in this respect, © 


the action of cyanogen on the alkaline solution corresponds with that of 
chlorine and of iodine. But, according to Wohler, a true cyanate of potassa 
may be obtained by exposing a mixture of black oxide of manganese and 
‘ferrocyanuret of potassium to a dull red heat, carefully avoiding too high a 
_ temperature, and boiling the resulting compound in spirit of wine of the 
* specific gravity of 0°86, As the solution cools, tabular crystals of cyanate 


of potassa are deposited. (Ann. de Ch. et Ph., xxvii. 196.) When these — 


are dissolved in cold water the solution slowly decomposes, and, if boiled, 


carbonic acid and ammonia are produced, in consequence of the re-action © 


of the elements present. Cyanic acid forms a soluble salt with baryta, 
but it occasions insoluble precipitates in solutions of lead, mercury, and 


silver, and these cyanates may be decomposed by diffusing them through — 


water, and exposing them to the action of a current of sulphuretted 
hydrogen, not in excess. A sour pungent liquid, smelling like acetic 
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acid, is thus obtained, but it is very prone to decomposition, and in a few 
nears becomes converted into carbonate of ammonia. (LiEsic, Ann. de 
Ch, et Ph., xxxiii. 208.) 
According to the analysis of Wéhler (Ann. de Ch. et Ph. ») Xx. and 
Xxvil.), corroborated by the experiments of Liebig, anhydrous cyanic acid 
consists of 


Carbon. 2 0" 1s Nasa ’ 

Nitrogen. 1. 6 14... 441 7} CIAPOMSB Rots on oA pte 

oR sak ey emi Brot: «1 99°7 +) Oxygen. y ake pw Oe ot BIS 
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34 100°0 


=— ey 


Cyanic acid 1 | 34 100-0 

But the anhydrous acid is only known in combination with bases, or 

with water, as obtained above, or as afforded by the distillation of dry 
cyanuric acid; in this state it contains 


Liebig. 
‘Carbon } ‘ ; 
Nitrogen Cyandget <5 6) Ek 4 864s GOR... OOS 
Seeley 8 rh oh ee al, LOD ye DLO ee 
‘Water a CRS SS ORES 2) oe. Se 
pire of cyanic acid, al 71 - 43 100-0 100°00 
yanate of water 


The facility of the conversion of an aqueous solution of cyanic acid 
into bicarbonate of ammonia, will be apparent on reference to their atomic 
composition, for ] equivalent of cyanic acid with 3 of water, or (2 car 
+n +0)+(3 h +30), are equal to ] equivalent of bicarbonate of ammonia 
2 (car +20)+(N+3 h):, _or, represented in abreviated symbols, Cy/+3 q 
= (2car/+ A.) . 


Cyanate ofr Ammonia. (A+ CY’.)—There are two isomeric cyanates 
of ammonia. When ammonia and the vapour of hydrated cyanic acid 
are brought together they combine into a white flocculent and crystallized 
substance, which, according to Liebig (Chimie Organique, i. 126), con- 
tains more ammonia than.corresponds with a neutral salt: it is, therefore, 
apparently a basic salt, but in its properties it agrees with the ordinary 
cyanates; heated with acids it effervesces, and with alkalis it disengages 
ammonia; but when gently heated, either in the dry state, or in solution, 
it gives out ammonia and becomes converted into wrea, which will be 
described amongst organic products. 


Cyanatrs.—The salts of the cyanic acid are distinguished by the 
peculiar results of the action of most other acids upon them. If an acid 
be added to a dry or a dissolved cyanate, effervescence soon ensues, 
attended by a strong odour of cyanic acid, and if hydrate of lime be flash 
added ammonia is evolved, which it was impossible to detect in the 
original cyanate. The cyanates of the alkalis are soluble; all the others 
insoluble. All the soluble cyanates, excepting that of ammonia, are 
resolved into ammonia and carbonates, when boiled in aqueous solution. 


Furmintc Actp. (27+4CAr+20) or (2CY +2 0),—Under the arti- 
cles Mercury and Silver, the process for preparing detonating compounds 
of those metals, by acting upon their nitric solutions by alcohol, is stated : 
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the experiments of Liebig, and Gay Lussac (Ann. de Ch. et Ph., xxiv. 
and xxv.), lead to the inference, that in these combinations the metallic 
oxides are united to an acid containing the same elements, and in the 
same relative proportions, as the cyanic acid, to which, in that particular. 
state of combination, the term Fulminic Acid has been applied; but the 
equivalent of the fulminic acid is double that of the cyanic, or = 68. Ac- 
cording to Liebig, the results of the action of nitric acid upon alcohol, are 
hyponitrous acid on the one hand, and on the other, aldchyd, and formic, 
and oxalic acids. In the presence of oxide of mercury or oxide of silver, 
2 atoms of hyponitrous acid and 1 atom of ether (the elements of which 
are contained in the alcohol) become converted into fulminic acid, which 
unites to the metallic oxide, as shown in the following equation :— 

2 atoms of 1 atom of toms 
aaccnitrons haan Leon en {Fulminie rial +r ° ae 


2(-+30) (scar+sh+0)=2n+4car+20)  5(h+0) 


When the vapour of nitrous acid is passed into a saturated solution 
of nitrate of silver in alcohol, there is an immediate precipitation of ful- 
minate of silver. 

Fulminic acid has not been isolated from the bases with which it is 
combined; at the moment of its separation by a stronger acid it is resolved 
into hydrocyanic acid and other products. ) 

If regarded as anhydrous, it consists of 


Liebig. 
Cyanogen). (2.66 fe $2r0 el FOO oe 
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Fulminic acid 1 68 100°0 100°00 


FutminatEs.—Liebig represents these salts as containing either 2 
atoms of fixed base (neutral fulminates) or 1 atom of fixed base and 1 
atom of water; the latter have an acid reaction. The 2 atoms of fixed 
base may be represented by 2 atoms of the oxide of an easily reducible — 
metal, or by 2 atoms of the oxides of two different metals, also easily — 
reducible. Thus for example, 2 atoms of oxide of copper, 2 atoms of — 
oxide of silver, 2 atoms of oxide of mercury, or 1 atom of oxide of copper 
and 1 atom of oxide of silver, may combine with 1 atom of fulminic acid, 
to form a neutral salt. The fulminates with an alkaline base include 1 - 
atom of alkaline oxide and 1 atom of easily reducible oxide, as, for exam-. _ 
ple, 1 atom of oxide of silver and 1 atom of potassa, baryta, strontia, or 
oxide of zinc. There are no fulminates of two alkaline bases. When 
_a fulminate of the first class, containing 2 atoms of oxide of silver or of — 
oxide of mercury, is treated by an alkali, only half the oxide is replaced 
- by 1 atom of the alkali. This singular property seems to indicate an 

intimate relation between the oxygen of the acids and of the oxides with ~ 
which they combine. (Chimie Organique.) | 


Cranuric Aci. (3CY+30.)—These elements are only known in ~ 
combination with 3 atoms of water, or as (3CY+30+3 @). Scheele first 
described this acid under the name of pyrouric acid; Serullas afterwards 
obtained it by another process, and termed it cyanic acid. (Ann. de Ch.- 
et Ph., xxxviii.) Its real nature and properties were first ascertained by — 
Liebig and Wéhler. When urea is heated beyond its fusing point, it 
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evolves ammonia and is converted into a gray substance: if this be dis- 
solved in sulphuric acid, and nitric acid dropped in till the solution 
becomes colourless, and then added to an equal volume of water, crystals 


of pure cyanuric acid are deposited. Liebig obtained cyanuric acid from 


a substance which is produced by the decomposition of the sulphocyanuret 
of ammonium, and which he calls Melam. Dry melam is dissolved by 
a gentle heat in strong sulphuric acid, and then added to 20 parts of 
water: the mixture is kept near its boiling-point for several days, till it 
no longer gives a white precipitate with ammonia; it is then evaporated 
and crystallized. These crystals, which are rhombic prisms, are composed 
of 1 atom of the terhydrated cyanuric acid and 4 atoms of water; these they 


_ Tose by exposure to air, and fall into a white powder, sparingly soluble in 


water, inodorous, and slightly reddening litmus. It dissolves without 
decomposition in the strong acids, but by long boiling is converted into 
carbonic acid and ammonia. The prismatic crystals of cyanuric acid, 
dried at a temperature of 212°, lose 4 atoms of water of crystallization, 
and retain 3 atoms of combined water; in this latter state of composition 
the acid may be obtained ‘in flattened octoédra,‘or oblique quadrilateral 
prisms, terminated by diédral summits, by cooling its boiling saturated 
solution in nitric or hydrochloric acid. ‘The following, therefore, is the 
composition of the anhydrous cyanuric acid, as it exists in combination 
with bases, and which cannot be isolated :— 
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Anhydrous cyanuric acid 1 102 1000 
The crystallized hydrate (cyanurate of water) consists of 


Anhydrousacid ... 1 «-” 102... . .99 
Water (combined) iw » . 3B. 4 -27 2. 2! 
1 


Hydrate of cyanuric acid 129 100 
And the prismatic crystals contain 


Hydrate of cyanuricacid 1 . . 129 . . 78:2 
Water of crystallization 4 . . 36 . . 21°8 


Crystals of cyanuric acid 1 165 100°0 


Cyanvrate or Ammonta.—This salt crystallizes in shining white 
prisms, efflorescent, and losing ammonia when heated; dried in vacuo it 


contains the elements of 1 atom of anhydrous cyanuric acid, 1 atom of 


ammonia, and four atoms of water. 


CYANURATES.—The cyanuric acid combines with 3 atoms of bases, 
which are represented by the 3 atoms of water in the hydrate of the 
cyanuric acid. This water is either wholly or partially replaced by 
metallic oxides. The alkaline oxides form two series of cyanurates: in the 
one, the salt contains 1 atom of anhydrous acid, 1 atom of basic oxide, 
and 2 atoms of basic water; in the other, ] atom of acid, 2 atoms of 
oxide, and 1 of water (as in the corresponding phosphates). There 
are no salts constituted of 1 atom of acid with 3 of alkaline oxide. 
But the cyanurate of silver is anhydrous, and contains 3 atoms of oxide 
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of silver; so that the relative proportion of elements per cent. is the same 
in the cyanate, the fulminate, and the cyanurate of silver, but they differ 


in the mode of their constitution. All the cyanurates are decomposed by — 


nitric and by hydrochloric acid. The cyanuric acid which crystallizes 
from a solution of a cyanurate so decomposed, contains no trace of the 
oxide with which it was combined. The salts with alkaline bases fuse 
when heated, and leave an alkaline cyanate, whilst cyanate of ammonia, 
hydrated cyanic acid, carbonic acid, and nitrogen, are evolved. (Lizpia, 
Chimie Organique.). 


Cyametipe. Insotuste Cyanuric Acrp.—The hydrate of cyanuric 
acid, when kept for some time, becomes hard and white (like porcelain). 
In this state it is insoluble in water, dilute acids, alcohol, and ether; it 
is dissolved and decomposed by caustic alkalis, into ammonia, and 
alkaline cyanates and cyanurates. 


CYANOGEN AND CHLORINE. CYANURET OF CHLORINE. CHLOROCYANIC 
Aci. (€Y+¢.)—Gay Lussac procured this compound by passing a 
current of chlorine through a solution of hydrocyanic acid in water, till 
the liquid discoloured a dilute solution of indigo in sulphuric acid. He 
then deprived it of excess of chlorine by agitation with mercury, and 
submitted it to careful distillation, by which an elastic fluid was evolved, 
consisting of a mixture of carbonic and chlorocyanic acids; and which, 
when condensed into water, furnishes a strong-smelling colourless solu- 
tion, which reddens litmus. According to the statement of Liebig, when 
excess of chlorine is passed into the aqueous solution of hydrocyanic acid, 
chloride of cyanogen, hydrochloric acid, and free chlorine, are contained 
in the liquid. When gently heated the chloride of cyanogen is disengaged, 
and is obtained pure by passing it through a tube containing chloride of 
calcium. It is gaseous at common temperatures, has an insupportable 
and pungent odour, and when cooled to 0° crystallizes in long needles 
which fuse at 5° and boil at 10°, but under a pressure of about 4 atmo- 
spheres remain liquid at 70°. When kept in this state in tubes hermeti- 
cally sealed it forms, according to Persoz, white crystals of a solid chlo- 
ride of cyanogen, having the same composition as the following. Water 


dissolves 25, ether 50, and alcohol 100 volumes of the gas. It is decom-~ 


osed by the alkalis. When moist cyanuret of mercury is exposed in 
chlorine to the action of solar rays, a heavy yellow liquid is formed, inso- 


luble in water, and having the odour of chloride of cyanogen; the same : 
substance appears to be formed by the action of chlorine on fulminate of 


silver. 
It appears from the researches of Gay Lussac and Serullas (Ann. de 


Ch. et Ph., xcv. 205), that 100 volumes of the gaseous cyanuret of chlo- — 


rine consist of 50 volumes of cyanogen + 50 volumes of chlorine, the — 


gases combining without a change of volume: accordingly, as 
; Grains. 
x 50 cubic inches of cyanogen weigh . . + « «© » 27°7 
50 39 chlorine e e e e s e ° s e 38°0 
100 Po cyanuret of chlorine should weigh 65°7 


and it-is’a compound of 
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Carb i res 4)" Vols. Sp. Gr. 
arbon . . o ~« 19 Se Wah 
ere cet oo-g ;oyanogen Y 696908 S091 
Chlorine 1..36.. 580 Chlorine 1..36,,58 ..0°5.. 1:23 
~ Chlorocyanic vapour] 62  100°0 1 62 10071 214 


as 


Sotip Cutoripe or Cyanogen.—When a mixture of dry chlorine 
and hydrocyanic acid is exposed to the sun’s rays, hydrochloric acid and 
solid chloride of cyanogen are formed: the latter, when pure, is white and 
sublimes in acicular crystals; it has a penetrating odour resembling that 
of the excrement of mice; its taste is pungent; its specific gravity 1-32; 
it fuses at 284°, and sublimes at 374°. When digested in hot water, 
it is resolved into cyanuric and hydrochloric acids. It is soluble without 
decomposition in alcohol and ether. According to Bineau 1 volume of 
the vapour of this compound is constituted of 1:5 of chlorine, and 1:5 
cyanogen, so that the 3 volumes are condensed into 1. It combines with 
ammonia. According to Liebig, this chloride corresponds to cyanuric acid, 
and is represented by the formula (3 €+3CY). 


CHLOROCYANATE oF AmMoniA.—One volume of chlorocyanic vapour 

and two volumes of ammonia condense with slight evolution of heat into 
white granular crystals, permanent in the air, and inodorous. This salt 
fuses when heated, and yields ammonia and hydrochlorate of ammonia, 
leaving a yellow residue, having the characters of mellon. (Bineav, Ann. 
de Ch. et Ph., uxvii. 237, and uxx. 255.) 
_ Cyanogen anp JIopins. Cyanuret or Ioprne. (cy +2.)—This 
compound was first obtained by Davy (Quarterly Journal, i, 289), and 
afterwards more fully examined by Serullas. (Ann. de Ch. et Ph., xxvii.) 
It may be obtained by heating in a platinum capsule a mixture of one 
part of iodine with two of pulverized bicyanuret of mercury; they soon 
react upon each other, and as soon as white fumes arise the capsule may 
be placed under a dry bell glass; the action goes on and a white flocecu- 
lent product is formed. Mitscherlich obtains this compound by distilling 
the mixture of iodine and cyanuret of mercury with a little water, in a 
retort; it yields acicular crystals of an acrid taste, pungent odour, and 
exciting a flow of tears. It is very poisonous. It is heavier than sul- 
phuric acid. It dissolyes in water, and still more readily in alcohol, 
and the solutions do not redden litmus: alkaline solutions decompose it, 
forming iodates and hydrocyanates. It is instantly decomposed by solu- 
tion of sulphurous acid; iodine is disengaged, and hydrocyanic evolved. 
Dry sulphurous acid gas does not act upon it. From the experiments of 
Serullas, it is probably composed. of 

Siete 1/8 ee 

Iodine 1. . 126 . . 82-7 Iodine boy 2 1126... B27 
1 152 100°0 1 152 100-0 

_ According to Bineau the cyanuret of iodine forms a definite liquid 
compound with ammonia. (Ann. de Ch. et Ph., uxvii. 235.) 
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Cyanogen AND Bromine. Cyanuret or Bromine. (CY + b.)\—Two 
parts of dry bicyanuret of mercury are put into a small tubulated retort, 
or into the bottom of a sealed tube plunged into a freezing mixture: one 
part of bromine is then added; a vivid action ensues, and so much heat 
is evolved, that if the temperature were not kept down the bromine 
would be volatilized; bromide of mercury and cyanuret of bromine are 


formed; the latter crystallizes in needles in the upper part of the tube, 


whence it may be sublimed into a cold receiver by the application of a 
gentle heat: sometimes it forms small cubic crystals. In many respects 


its physical properties resemble those of cyanuret of iodine; its odour is | 


excessively pungent, and it is so volatile as to exist in vapour at tempe- 


ratures above 60°. It is more soluble in water and alcohol than the — 


compound of iodine. Solution of potassa transforms it into cyanate and 
bromide of potassium. The solution furnishes a precipitate when added 
to nitrate of silver, composed of cyanuret and bromide of silver, easily 
separable by ammonia, which dissolves the latter but not the former. 
Like the cyanuret of iodine, it is extremely deleterious to animals. One 
grain of it dissolved in a little water, and introduced into the cesophagus 
of a rabbit, occasioned instant death, as rapidly as hydrocyanic acid; it 
cannot, therefore, be examined without risk. Its composition has not 
been accurately determined. (Srrunias, Ann. de Ch. et Ph., vol. xxxiv. 
p- 100.) It combines with ammonia in two proportions, forming a solid 
and liquid compound. (Breau, Ann. de Ch. et Ph; £x,'257) 


Cyanogen and Hyprocen. Hyprocyantc Acip. CYANHYDRIC 
Acmw. Prussic Acip. (CY +h) or hey! or CyH.—This compound was 
first obtained by Scheele (Stockholm Trans., 1782, 1783), and its compo- 
sition ascertained by Berthollet in 1787, and by Clouet (Ann. de Ch, et 
Ph., xi. 30). It was not, however, till the discovery of cyanogen by Gay 
Lussac, in 1815, that its real nature was understood, and its components 
accurately determined. Cyanogen and hydrogen have no tendency to direct 
combination, but by the action of certain acids on the metallic cyanurets, 
hydrocyanic acid is formed by double decomposition: in this way it is 
obtained by the action of hydrochloric acid on bicyanuret of mercury, 
and the process is conducted as follows:—Introduce the cyanuret into a 


tubulated glass retort, and pour upon it rather less than its weight of - 


hydrochloric acid (sp. gr. 1°20). Adapt a horizontal tube to the beak of 
the retort, about two feet long and half an inch diameter; fill the first 
third of the tube next the retort with small pieces of white marble, and 
‘the other two-thirds with fragments of fused chloride of calcium; adapt 
to its extremity a small receiver, surrounded by a freezing mixture; 
_on applying a gentle heat to the retort, hydrocyanic vapour will pass 
through the tube, and become condensed in the cold receiver; any portion 


of hydrochloric acid and watery vapour that may arise along with it will — 


be detained by the carbonate and chloride; after this part of the process 


the whole length of the tube should be gently heated, to expel the — 


residuary hydrocyanic acid. As the extrication of carbonic acid from the 
marble is not only inconvenient, but liable to carry off hydrocyanic acid, 
the distillation of any portion of hydrochloric acid should, as far as possi- 
ble, be prevented, by placing the retort in a horizontal position, using 
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the least possible quantity of it, and employing not more than a sufficient 
heat. : 

Another mode of obtaining hydrocyanic acid consists in placing cy- 
_ anuret of mercury in a tube connected with a cooled receiver: sulphuretted 
hydrogen is then passed over the cyanuret, the sulphur of which combines 
with the mercury to form a sulphuret of mercury, and the hydrogen 
unites to the cyanogen to form hydrocyanic acid; the whole of which 
may be easily driven, by the application of a gentle heat, into the cold 
receiver, and there condensed. (VAUQUELIN.) 

A third process for the production of anhydrous hydrocyanic acid is 
to distil by a gentle heat 15 parts of finely powdered ferrocyanuret of 
potassium, with a mixture of 9 parts of sulphuric acid and 9 of water: 
the product must be collected in a well-cooled receiver containing 5 parts 
of broken chloride of calcium: the distillation is stopped as soon as the 
chloride of calcium is covered by the liquid hydrocyanic acid, which is 
then carefully poured off and preserved in a well-stopped phial. (Traut- 
WEIN. ) 

_ The hydrocyanic acid. thus obtained is a limpid liquid of a strong 
pungent odour, very like that of bitter almonds, in which, and in other 
species of amygdalus and prunus, we shall afterwards recognise it. Its 
taste is acrid, and it is highly poisonous, so that the utmost care should 
be taken to avoid the inhalation of its vapour. It volatilizes so rapidly 
as to freeze itself, when a drop of it is placed upon a glass plate. Its 
specific gravity at 45° is 0°705, and at 64° 0°696; and the specific 
gravity of its vapour, as experimentally determined by Gay Lussac, is 
0°9476: it boils at 80°, and congeals at 3 or 4° above 0° in its ordinary 
state, but when it is perfectly anhydrous it remains liquid according 
to Schultz at—40°. It burns with a bright flame. It scarcely affects 
the blue of litmus. It is liable to spontaneous decomposition, especially 
under the influence of light, becoming brown and evolving ammonia, 
changes which are prevented by the presence of minute portions of 
other acids. When water is present, the concentrated inorganic acids 
resolve it into ammonia and formic acid: 3 atoms of water and 2 of 
hydrocyanic acid, include the elements of 1 atom of formic acid and 1 of 
ammonia. It is resolved by chlorine into hydrochloric acid and chloride 
of cyanogen. The easily reducible oxides (of mercury and silver) decom- 
pose hydrocyanic acid, and yield water and a metallic cyanuret. When 
lime or baryta are heated to redness in hydrocyanic vapour, they afford 
cyanurets and cyanates, and hydrogen is evolved. 

In the voltaic circuit hydrocyanic acid yields hydrogen at the negative, 
and cyanogen at the positive, electrode. When its vapour is mixed with 
oxygen, it may be burned by the electric spark, in which case two 
volumes of hydrocyanic vapour require for perfect combustion two volumes © 
and a-half of oxygen: the results are water, two volumes of carbonic acid, 
and one volume of nitrogen. When potassium is heated in the gas, cyanu- 
ret of potassium is formed, and hydrogen, equal to half the volume of the 
acid; liberated: it appears, therefore, that there is the strictest analogy 
between the hydrocyanic and the other hydracids, and that one volume 
of cyanogen and one of hydrogen form two volumes of the vapour hydro- 
cyanic acid: and as . ) 
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Hydrocyanic acid is used in medicine as a sedative, and several for- 


mule have been given for its preparation, so as at once to obtain it of a 
convenient strength for pharmaceutical purposes. The Pharmacopoeia 
directs the decomposition of ferrocyanuret of potassium by dilute sul- 


phuric acid, and the state of dilution of this hydrocyanic acid is such that _ 
it contains 2 per cent. of the real acid. (See Ferrocyanuret of Potassium — 


and Cyanuret of Silver.) 

The specific gravity of hydrocyanic acid when thus largely diluted 
cannot be resorted to as acriterion of its strength, hence other modes 
of determining this have been adopted. Dr. Ure recommends the follow- 
ing:—To 100 grains, or any other convenient quantity of the acid, con- 
tained in a small phial, add, in succession, small quantities of pure 
peroxide of mercury in very fine powder, till it ceases to be dissolved 
on agitation: the weight of the oxide taken up, being divided by 4, gives a 
quotient representing the quantity of real acid present. By weighing out 
beforehand, on a watch-glass, 40 or 50 grains of the peroxide, the resi- 
dual weight of it shows at once the quantity expended. (Quarterly 
Journal, xiii. 812.) Dr. Ure’s Essay also contains a table of the specific 
gravity of the acid of various degrees of dilution, and directions for detect- 
ing the presence of hydrochloric acid init. The strength of the phar- 
maceutical hydrocyanic acid may also be determined by the weight of the 
precipitate obtained by nitrate of silver, (cyanuret of silver,) every 3 grains 
of which when well washed and dried, are equivalent to 1 grain of anhy- 
drous hydrocyanic acid. 

Another mode of obtaining dilute hydrocyanic acid is to pass sulphu- 
retted hydrogen through water, holding in solution a known quantity of 


bicyanuret of mercury, so as completely to decompose it: the excess of 


sulphuretted hydrogen is then abstracted by carbonate of lead, and the 
solution of hydrocyanic acid filtered: but in this process it is difficult to 
obtain a perfectly clear and colourless solution without the addition of a 
drop or two of hydrochloric, or sulphuric acid. 


A third process is that suggested by Mr. Clarke, of Glasgow. | 


(Tuomson’s System, ii. 220.) In 100 drachms of water dissolve eight 
drachms and a quarter of cyanuret of potassium, and add to the solution 
eighteen drachms and a half of crystallized tartaric acid, previously 
dissolved in twenty drachms of water. A double decomposition takes 
place ; bitartrate of potassa falls down, and about 120 drachms of water 
remain, holding in solution 33. drachms of hydrocyanic acid; or 2°81 per 
cent. of the solution is hydrocyanic acid. A little bitartrate of potassa 
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also remains, which may be avoided by using a little alcohol mixed with 
the water. | 
A fourth process recommended by Giese, (Turnmr’s Elements,) is as 


follows: 20 drachms of ferrocyanuret of potassium are dissolved in 80 


of water, and with the solution is mixed a dilute acid made previously 
with 18 drachms by weight of strong sulphuric acid, and 40 drachms of 
water, and allowed tocool. The dilute hydrocyanic acid is then distilled 
off, and if the amount is not 120 drachms, distilled water is added to 
make up that weight. This is nearly the process of our Pharmacopoia. 

As hydrocyanic acid in its dilute state is liable to decomposition, it 


_ should be prepared in small quantities and preserved in well-stopped 


phials out of the presence of light: or a very minute addition of dilute 
sulphuric acid may be made to it, by which its tendency to change is 
prevented. 

When dilute hydrocyanic is pure, it leaves no residue on evaporation: 
hydrochloric acid is detected in it by heating it in a water-bath so as to 
expel the hydrocyanic acid, and then testing by sulphate of silver: if 
sulphuric acid be present, it occasions a precipitate on adding nitrate of 
baryta, which is insoluble in nitric acid. 

The virulently poisonous nature of this acid has led to its occasional 
administration with criminal intentions: the mode in which it produces 
death, and the symptoms, are enumerated by medical and physiological 
writers, but the chemist may be called upon to suggest means of detecting 
it: this is generally easily effected in consequence of its very peculiar 
odour; and if the fluid containing it be agitated with finely-powdered 
peroxide of mercury, crystals of cyanuret of mercury may be obtained 
on eyaporation. The following~is an accurate test of its presence, 
originally suggested by Scheele: to the suspected liquid add a solution 
of protosulphate of iron, and afterwards drop in pure potassa in slight 
excess, and after a short exposure to the air, redissolve the precipitate in 
hydrochloric acid. If hydrocyanic acid be present, the tint of Prussian 
blue will appear. Except in cases of recent examination it is not easily 
detected in the contents of the stomach after death, since it is decomposed 
with their putrefaction. In such cases Leuret and Lassaigne have 
recommended the following procedure: The stomach and its contents, 
cut into pieces, are carefully distilled with water slightly acidulated by 
sulphuric acid: the volatile products are condensed in a receiver sur- 
rounded by ice, and examined by the above-mentioned method: in such 
cases the acid is also generally recognised by its odour. 

Ammonia, and chlorine, are the most effective antidotes in cases of 
poisoning by hydrocyanic acid; but for its toxicological history I must 
refer to writers on that subject. (Curistison, On Poisons. Prretra, 
Elem. of Mat. Med.) 


Hyprocyanate of Ammonia. CyAnuret or AmMMontuM.—This salt 
may be obtained by mixing hydrocyanic acid with liquid ammonia; it is 
anhydrous, and crystallizes in cubes or small prisms, and is extremely 
volatile. Bineau obtained it by heating equivalents of cyanuret of mer- 
cury, or of dried ferrocyanuret of potassium, with hydrochlorate of 
ammonia. (Ann. de Ch. et Ph., uxyii. 231.) Dr. Thomson states, that 
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when Prussian blue is exposed toared heat, and the products of its 
decomposition received over mercury, the glass receiver becomes coated 


with crystals of this salt. Hydrocyanate of ammonia soon suffers spon- 


taneous change, and it is decomposed by carbonic and other feeble 


acids. From Bineau’s experiments it appears to consist of 17 ammonia 


+ 27 hydrocyanic acid, elements which upon aes ammonium theory 
are equivalent to (72 + sh) + Cy. 


Cyanogen AND Sutpuur. SvubpuocyaNnoceN. Cyanuret oF SvuL- 
puuR. (CY+ 28.)—Sir H. Davy obtained this compound in 1816, by 
heating a mixture of sulphur and bicyanuret of mercury. (Quart. Jour., 
i, 289.) Liebig obtains it by saturating a concentrated solution of sul- 
phocyanuret of potassium with chlorine, or by boiling a soluble metallic 
sulphocyanuret in dilute nitric acid; it falls in the form of a yellow pre- 
cipitate, which preserves its colour when dry, and is insoluble in water, 
alcohol, and ether, but soluble in hot sulphuric acid, from which it is again 


thrown down by water. It is decomposed by concentrated nitric acid: 


when heated with potassium, sulphuret, cyanuret, and sulphocyanuret of 
potassium are formed: subjected to dry distillation, it yields carburet of 


sulphur, and ultimately nitrogen and cyanogen. (Lizsie.) By digesting — 


cyanuret of mercury in chloride of sulphur, Lassaigne obtained a com- 
pound in brilliant crystals, which he regarded as containing 4 atoms of 
cyanogen and 1 of sulphur (Ann.de Ch. et Ph., xxxix.), but which, accord- 
ing to Liebig, are a compound of chloride of cyanogen with chloride 
sulphur. 

The elements of sulphocyanogen are 
Nitrogen 2) 1) Md ss aed pCvamogem 1. . 26. 5 A 
Sulphar. 4.0.7. 2. » 32 (s, «00's, SUIDNUE, . seo aes mee 

1 


eee cee ee —— ere 


Sulphocyanogen 1 58 100°0 58 100°0 


Cyanogen, SuLpHUR, AND Hyprocen.—By mixing cyanogen and 


sulphuretted hydrogen, Gay Lussac obtained a yellow crystallized com-_ 


pound. (Ann. de Ch. et Ph., xcv.) This probably consists of one atom of 
cyanogen, and one of sulphuretted hydrogen, and is identical with the 
compound obtained by passing sulphuretted hydrogen into a satur- 
ated alcoholic solution of cyanogen. The mutual action, however, of 
cyanogen and sulphuretted hydrogen requires to be more minutely 
examined. We are indebted to Mr. Porrett (Phil. Trans., 1814), for 


our knowledge of a triple compound of cyanogen, sulphur, and hydrogen, © 


which he termed sulphuretted chyazic acid, but the term sulphocyanic 
acid, or hydrosulphocyanic acid, is now generally apres to it. 


_ SuLPHOCYANTIO Acip. Hyprosvutpnocyanic Actip. SvuLFOcYANHY- 
pric Aci. (CY+2S +h.) —This acid is obtained by decomposing basic 


sulphocyanuret of lead by dilute sulphuric acid, taking care to leave 


excess of lead, which is afterwards removed by sulphuretted hydrogen. 
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It is also formed when sulphocyanuret of silver diffused through water is — 


decomposed by sulphuretted hydrogen. 
HWydrosulphocyanic acid i is colourless, easily decomposed by exposure to 


oy he: —_ A 
Cae ee Oe toe 2 


BISULPHURET OF CARBON. 573 


air or heat, yielding among other products a peculiar yellow insoluble 
powder: chlorine and nitric acid abstract its hydrogen, and evolve sulfo- 
cyanogen; by their prolonged action cyanic and sulphuric acids are formed, 
and ultimately ammonia. It reddens the solutions of persalts of iron; 
it is not poisonous; it exists in the seeds of the cruciferous plants, and 
in human saliva, and that of the sheep. From the experiments of Porrett 
(Ann. of Phil., xiii.), confirmed by Berzelius, it consists of 
Berzelius. 
Carbon .. oo da 20'S". 20°30 
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SULPHOCYANURET oF AMMoNIUM. HypRosuLPHocYANATE oF AMMo- 
NIA. (CY+2S)+(N +'sh) or (cy+h +2's)+(n + 2h); obtained by 
saturating ammonia with hydrosulphocyanic acid, and evaporating in 
vacuo. It is also formed by the mutual action of sulphuret of carbon 
and alcohol saturated with ammonia. It is decomposed by heat. 


Cyanurer or Sztentum.—No binary compound of cyanogen and 
selenium has been obtained; but by fusing selenium with ferrocyanuret 
of potassium, a compound is formed analogous to that of sulphur: the 
hydroseleniocyanic acid has, however, not been separated, so that its 
existence is as yet hypothetical. 


CarBon AND SuLpHur. Buisutpuurer or Caron. (CAP +258) or 
CS2.—This compound was first obtained in 1796 by Lampadius, while 
distilling a mixture of pyrites and charcoal, and he termed it alcohol of 
sulphur. It was long regarded as a triple compound of carbon, sulphur, 
and hydrogen, till Clement and Desormes (Ann. de Chim., xtii.), and 
Cluzel (Ann. de Chim., uxxxiy.), showed the absence of hydrogen; its 
properties and composition were afterwards more accurately determined 
by Marcet and Berzelius (Phil. Trans., 1813, p.171). It is obtained 
by passing the vapour of sulphur over red-hot charcoal in a porcelain 
tube; or by distilling about six parts of yellow iron pyrites (bisulphuret 
of iron) with one of charcoal. The product should be conveyed by a 
glass tube into cold water. When purified by redistillation, at a low 
temperature, with chloride of calcium, it is transparent, colourless, and 
insoluble in water, but soluble in alcohol and ether; its refractive power 
in regard to light is very considerable. Its specific gravity is 1-272. It 
boils at 106°, and does not freeze at—60°. It is very volatile and in- 
flammable, and has a pungent taste and peculiar fetid odour. The cold 
which it produces during evaporation is so intense, that by exposing a 
thermometer-bulb, covered with fine lint, and moistened with it, in the 
receiver of an air-pump, the temperature sunk, after exhaustion, to — 80°. 
When a mercurial thermometer was used, the metal froze. Bisulphuret 
of carbon is soluble in fixed and volatile oils, and it dissolves camphor. 
It is decomposed, when water is present, by chlorine and iodine; and 
when potassium is heated in its vapour it burns and decomposes it. lt 
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dissolves sulphur and phosphorus, and the solution oftens deposits those = 


substances in beautiful crystals. Passed over heated lime or baryta, it 
produces ignition, and carbonates of those bases, together with sulphurets 
of calcium and of barium. It is also decomposed by copper and iron at 
a red heat. Nitrohydrochloric acid converts it into a crystalline compound 
hydrochloric, sulphurous, and carbonic acids. (BERZELIUS. ) 

A portion of this compound appears to be frequently formed during 
the production of inflammable gas from coal, and to be retained in the 
state of vapour by the gas after its purification by lime; such gas gives 
a sulphurous smell when burned, although perfectly cleansed from sul- 
phuretted hydrogen, so as not to discolour carbonate of lead. (Phil. 
Trans., 1820, p. 19.) When its vapour is burned with oxygen it forms 


carbonic and sulphurous acid. It consists of 
Berthollet, Thenard, Berzelius 
and Vauquelin. and Marcet, 
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According to Mitscherlich, (who has described a good form of 
apparatus for obtaining sulphuret of carbon upon a large scale, 
Lehrbuch, i. 153,) the specific gravity of the vapour of this compound 
is 2:670, and one yolume of it is composed of one-third of a yolume of 
sulphur yapour = 6654 _ 2-218, and half a volume of carbon vapour 
= 03438 9-4019, 

2 


Carposutpuuric Actp. Hyproxantuic Actp.—According to Zeise, 
carbon and sulphur form a base acidifiable by hydrogen, which he has 
called Xanthogene, from the yellow colour of its compounds: the acid he 
terms hydroxanthic acid. When an alcoholic solution of pure potassa- 
ig mixed with bisulphuret of carbon, a compound is obtained, which, 
evaporated under the exhausted receiver of the air-pump over a surface 
of sulphuric acid, or exposed to a temperature of 32°, deposits acicular 
crystals, which become yellow by exposure to air, are very soluble, and 
from which, upon the addition of dilute hydrochloric or sulphuric acid, an 
oily-looking fluid, heavier than water, is separated, which is the hydro- 
wanthic acid. Exposed to air it becomes covered with an opaque crust: _ q 
it reddens litmus; tastes sour, astringent, and bitter; is inflammable; and 
at 212° is decomposed into bisulphuret of carbon and an inflammable gas. — 
The action of ammonia on the sulphuret of carbon is very peculiar, and 
several new. compounds result; but upon these subjects the reader must 
consult the original sources of information, which scarcely admit of 
abridgment, and are not very perspicuous in their details. (Ann. de Ch, 
et Ph., xxi, and xxvi.; Annals of Phil., N.S. iv.; Quart. Journal, 
XVlil. ) f 

According to Berzelius, the bisulphuret of carbon is a sulphur acid, 
and in combination with certain metallic sulphurets, or sulphur bases, 
forms a distinct class of sulphur salts. (See in reference to these com- 
pounds, Course, Ann. de Ch. et Ph., uxi. 25.) ; 


CARBON AND Puospporvus. Prospuuret or Carpon.—-To obtain this 
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compound, Dr. Thomson directs the following process (System, ii. 259): 


—Allow common phosphuret of lime to remain in water till it no longer 
evolves gas: then add to the liquid excess of hydrochloric acid, agitate for 


_a few moments, and throw the whole upon a filter; phosphuret of carbon 


remains, which is to be washed and dried. This compound isa soft powder, 
of a yellowish colour, without taste or smell: exposed to air, it slowly 
imbibes moisture, and acquires an acid flavour. Exposed to a red heat, 
it burns, and gradually gives out its phosphorus, the charcoal being pre- 
vented burning by a coating of phosphoric acid. It consists of phosphorus 
0°62 + carbon 0°38. (THomson’s Annals, viii. 157.) It would appear from 
the mode of obtaining this phosphuret, that it. forms an ingredient in 
phosphuret of lime, as usually prepared; it also is obtained in the process 
for procuring phosphorus, and exists in the red matter which contami- 
nates phosphorus when first distilled. 


Carpon AND SELENIUM. Carpuret or SeLentuM. SELENIURET oF 
Carzon.—Berzelius has announced the existence of this compound, but 
has not described its properties. (Lehrbuch der Chemie, Dresden, 1826.) 


APPENDIX To THE CoMBINATIONS oF CARBON. 


Propucts oy tHE Decomposition or SutpHocyanocEn.—Under this 
head I shall notice several compounds which have been fully described by 
Liebig (Chimie Organique), but the theory and nomenclature of which 
will probably require future modifications. | 


Mution.—When sulphocyanogen is heated to dull redness in a retort, 
it is resolved into sulphur, sulphuret of carbon, and a peculiar compound 
of carbon and nitrogen, to which, from its yellow colour, the above name 
has been given by its discoverer; it consists of 6 atoms of carbon and 
4 of nitrogen, and if it be assumed that 4 atoms of sulphocyanogen 
4(2CA"+2+28S) are decomposed, the result will be 


4atomsofsulphur .,... (48) 
ails bisulphuret of carbon . 2(€A7/+2S) 
Discuss mellon . . . . . . (6CAr+4N) 


Mellon is a lemon yellow powder insoluble in water and in aleohol, and 
in dilute sulphuric and hydrochloric acids; it is dissolved, but decom- 
posed by nitric acid and by the fixed alkalis. Ata bright red or white 
heat, it is resolved into 3 volumes of cyanogen and | of nitrogen. It 
combines directly with potassium; light is evolved, and a mellonuret of 
potassium formed. With hydrogen it forms hydromellonic acid. When 
fused with iodide, bromide, and sulphocyanuret of potassium, it expels 
iodine, bromine, and sulphocyanogen, and produces mellonuret of potas- 
sium. 


Hypromettonic Acip (6car+4n+h) is prepared by dissolving 
mellonuret of potassium in boiling water, and adding nitric, hydrochloric, 
or sulphuric acid; a white gelatinous precipitate is thrown down, which 
when dry is yellow, and is a hydrate of hydromellonie acid: it has a 


slightly acid reaction, and is not decomposed by hydrochloric or nitric 


acid. 
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Cyantutc Actp.—Mellon is decomposed by the continued action of 
boiling nitric acid; the action is attended by the disengagement of gas, 
and the solution deposits on evaporation colourless and anhydrous octo- 
&dral crystals. On dissolving these crystals in boiling water, the solution 
yields pearly flakes on cooling, which retain a certain quantity of water. 


The acid is similar in composition to the cyanuric acid, with which it 


may be said to be isomeric; its formula according to Liebig being 


(when anhydrous) (6 CY +60). 


Hyproprrsutpnocyanic Aci. (CY+3S+ h.)—This compound is 


described by Liebig, (on the authority of Woskresensky,) as obtained by 


fusing sulphocyanuret of potassium in a stream of dry hydrochloric acid 
gas; hydrosulphocyanic acid is liberated and immediately decomposed into 
sulphuret of carbon, hydrocyanic acid, and a yellow product insoluble in 
water. If this operation be conducted in a retort, a quantity of the 
yellow product lines the neck of it; it is soluble in boiling alcohol, and 
precipitates on cooling in the form of a pale yellow crystalline powder 
sparingly soluble in water: it dissolves in the alkalis, and forms peculiar 
combinations with the other metallic oxides which are in general insoluble. 


Metam. (18CAr 412+ oh.) —When sulphocyanuret of ammonium, or 
a mixture of 2 parts of sal-ammoniac and 1 of sulphocyanuret of potassium, 


are heated up to the fusing point of the latter, one solid and three volatile 


products are obtained; the latter are ammonia, sulphuretted hydrogen, 
and sulphuret of carbon; the solid body is melam, mixed with chloride 
of potassium, which may be removed by washing with water. 

Melam is a whitish-gray powder, insoluble in water, alcohol, and ether. 
It is dissolved and decomposed by long boiling in solution of potassa. 
Boiling nitric and sulphuric acids dissolve it, and their solutions treated 
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by alcohol produce a precipitate of ammelide; but if boiled for several 


hours, with the occasional addition of water, the melam is wholly trans- 
muted’ into cyanuric acid and ammonia. Melam is soluble in. dilute 
hydrochloric and nitric acid, and converted into ammeline and melamine ; 
the same products are obtained by continued boiling in solution of caustic 
potassa. When fused with hydrate of potassa, it is transformed into 


cyanate of potassa and gaseous ammonia. By the action of heat it is 


resolved into mellon and ammonia. 
To the above statement, Liebig adds the following explanatory 
equations: 
The ultimate elements of 8 atoms 
of sulphocyanuret of ammoniui wear wn xh ws 
8 (CY 428)+(n+4h) are 
These are resolved by heat into 
latomofmelam. . . - . + 2CQP un oh 


5 ,, ofammonia. .« . + « 5 15 
4 ,, bisulphuret of carbon . . 4CQPr 8§ 
8 ,, sulphuretted hydrogen . sh 8s 


car wn 32h 6S 
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And as regards the conversion of l atom of melam and 6 of hydrate 
of potassa into 6 atoms of cyanate of potassa and 5 of ammonia, | 


The ultimate elements on 2Car un. 3 h 
] atom of melam are 


6 atoms of hydrate of potasssa . th wo « pa 
wCar 1790 ay, 12 O 6 po 


Resolved by fusion into 
6 atoms of cyanate of potassa . wear 6Nn 120 6po 
4 aare RMON e's se nm wh 
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Metamin. (6CAP +6” +6h.)—Liebig thus designates a salifiable 
base, produced as above stated by the action of alkalis and dilute acids 
on melam: it is one of the most highly azotised compounds with which 
we are acquainted. To obtain it, melam (procured by the distillation of 
a mixture of 1 part of sulphocyanuret of potassium, and 2 of sal-ammo- 
niac, and washed to free it from chloride of potassium) is boiled in a 
solution of 1 part of hydrate of potassa in 20 of water, till the turbid 
liquor becomes clear; it is then evaporated by a gentle heat, till small 
brilliant crystals form in it, when it is set aside, and on cooling the 
whole of the melamin separates. It is purified by recrystallization. 

Melamin forms anhydrous rhomboidal octoédra, transparent and 
colourless, or slightly yellow: very sparingly soluble in cold water, and 
more soluble, but slowly so, in hot water. It is insoluble in alcohol and 
in ether. Its aqueous solution has.a bitter taste, and is without action | 
upon vegetable colours. Dry melamin fuses at a high temperature, and 
sublimes almost without decomposition; a small portion of it is, how- 
eyer, resolved into mellon and ammonia. : 

Concentrated nitric and sulphuric acids decompose melamin with the 
aid of heat into ammonia and ammelide, or ammeline. Fused with 
hydrate of potassa, the elements of 3 atoms of water combine with it, 
and transform it into 3 atoms of ammonia which escape, and 3 atoms of 
eyanic acid which remain in combination with the potassa. 


The ultimate elements of ; Coy 6h OER 
1 atom of melamin are ; 
3 atoms of hydrate of potassa — sh 60 3 pe 


scar on sh 60 spo. 


Resolved by fusion into 
3 atoms of cyanate of potassa. scar 3 60 3po 
Silas oy AMMONIA aescec io 3 oh 
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Melamin combines with dilute acids to form crystallizable salts, all of 
which, except the double salts, have an acid reaction. The nitrate, 
phosphate, and oxalate, are less soluble than melamin; the acetate and 
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formiate are very soluble: it precipitates a part of magnesia from its 
solutions, ‘and forms a double salt with the residue; in the same way it — 
decomposes the salts of all the common metals. It combines directly 
with the anhydrous hydracids. All the salts of melamin with the 
oxyacids, contain an atom of water, like the corresponding salts of am- 
monia, and cannot exist without it. “It forms double basic salts in which | 


this atom of water is replaced by an equivalent of metailic oxide. 


AmMeE.in. = (6CQGYP +57 +5 h +20.)—A product of the decomposi- 
tion of melam and melamin by acids and alkalis. When melamin is 
prepared by decomposing melam by a solution of caustic potassa, a liquor 
is obtained, which, after having deposited the whole of the melamin 
- which it held in solution, still retains ammeline dissolved by the potassa, 
which is thrown down in the form of a white gelatinous precipitate by 
acetic acid, This precipitate is to be washed and re-dissolved in dilute 
nitric acid, This nitric solution yields, by evaporation, crystals of pure — 
nitrate of ammelin, These crystals are again dissolved in dilute nitric ~ 
acid, and from this solution carbonate of ammonia throws down per- 
fectly pure ammelin, which may be washed and dried. 

Ammelin may also be obtained by dissolving melam in weak and — 
boiling hydrochloric acid; by evaporation crystals of hydrochlorate of @ 
ammelin and of melamin are obtained, which are to be re-dissolved in 
boiling water; from this solution ammelin is thrown down by caustic — 
ammonia, and the remaining liquor yields crystals of hydrochlorate of 9 
melamin. a 

The precipitated ammelin forms brilliant white silky needles; itisinso- 
luble in water, alcohol, and ether, but it dissolves in the caustic alkalis. — 
Subjected to dry distillation, it affords a crystalline sublimate, ammonia, 
and a residue of pure mellon. With the acids it yields crystallizable salts. 
By the prolonged action of weak boiling acids, and of concentrated sul- 
phuriec acid, it is changed by the assumption of the elements of I atom — 
of water: the products of this change are ammonia and ammelid. ~ 
Fused with hydrate of potassa, it is transformed into ammonia and ~ 
cyanate of potassa. a 
~~ Ammelin ig a very weak base, and only combines with the stronger 
acids, and never with the organic acids; its salts are crystalline, have an 
acid reaction, and are decomposed by water, which separates ammelin. 
On mixing nitrate of ammelin with the salts of many of the common ~ 
metals, crystalline precipitates are formed, which are double basic salts, 
containing 1 atom of acid, 1 of ammelin, and 1 of metallic oxide. The c 
oxyacid salts of ammelin contain, like the salts of ammonia, | atom of 
water: the double basic salts are anhydrous. Nitrate of ammelin — 
crystallizes in large broad plates, or in long quadrangular prisms: it fuses 
when heated, and leaves ammelid as a residue, while nitric acid, and 
the products of the decomposition of ‘nittaté of ammonia, are'evolyed. 


AMMELID. (12CQP +9” +9 h +60.)—A product of the decompo- 
-gitiea of melam and ammelin by the concentrated acids: either of these — 
is dissolved in concentrated sulphuric acid, the solution mixed with 
alcohol, and the precipitate formed washed with cold water till all traces 
of acid are removed. It is purified by dissolving it in dilute nitric acid, 


et 
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and precipitating by carbonate of ammonia. Ammelid is a white powder, 
insoluble in water, alcohol, and ether; but soluble in alkalis and strong 
acids. With nitric acid it forms crystals which are decomposed by 
water. Exposed to the prolonged action of boiling dilute nitric or sul- 
phuric acid, it is entirely resolved into ammonia and cyanuric acid. On 
adding slight excess of nitrate of silver to a boiling solution of ammelid 
in dilute nitric acid, and then ammonia till it forms a constant precipitate, 
white caseous flocculi are deposited on cooling, consisting of ammelid, in 
which the elements of an atom of water are replaced by those of oxide 
of silver. 


_ 4TsEoRY of THE Composition oF Mentamin, AMMELIN, AND AMME- 
Lip.—In the following table Liebig attempts to explain the basic proper- 
ties of melamin and ammelin, and the manner in which ammelid and 
eyanuric acid are derived fromthem. It is assumed that these substances 
contain the same radical as cyanuric acid, together with a combination 
of an equal number of atoms of nitrogen and hydrogen, which combina- 
tions we shall represent by 20; the formule will then stand as follows, 
27 representing An. ; 


scy +60 +3h= Cyanuric acid. 
acy +o6m + 3h = Melamin. 
scYy +4Mm + 20 + 3 — Ammelin, 
3cY + 3M) + 30 4 3h — Ammelid. 
scy +30 +30+483 h = Cyanuric acid. 


_ The cyanuric acid forms the beginning and end of the series. In 
melamin 6 atoms of oxygen are replaced by 672, and in ammelin 4 atoms 
by 42; both of these are saline bases; ammelid possesses no basic pro- 
perties, and in it half the oxygen of the cyanuric acid is replaced by 3; 
lastly, when the whole of 7 is replaced by oxygen, the cyanuric acid 
again appears. The basic properties of these substances diminish, in 
proportion as the oxygen of the radical increases. Liebig says that the 
cyanuric acid may be compared to the phosphoric acid, and melamin to 
phosphuret of hydrogen, or to ammonia; inasmuch as ammonia and 
melamin combine directly with the hydracids; that is, without the inter- 
vention of water; but with the oxyacids an atom of water enters into the 
compound, where it plays the same part as in the salts of ammonia, 


§ XII. BORON. 


Tus substance was discovered in 1807, by Sir H. Davy, and in 1808 
its properties were examined by Gay Lussac, and Thenard. (Recherches 
Physico-Chimiques.) It is obtained by heating in a copper tube two parts 
of potassium, with one of boracic acid previously fused and powdered. 
The fused matter is washed out of the tube with water, and the whole 
put upon a filter, The boron remains in the form of a brown insipid 
insoluble powder. According to Dobereiner (Ann. de Ch. et Ph., ii. 214), 
one part of charcoal or lampblack, intensely heated in a gun-barrel, with 
nine parts of borax, previously fused, and in fine powder, produces a dis- 
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engagement of carbonic oxide, and a blackish mass results, which, after 
copious washings in boiling water, and once with hydrochloric acid, 
affords a greenish-black powder, having the characters of boron mixed. 
with alittle charcoal. The charcoal probably first reduces the soda, and 
the sodium decomposes the boracic acid; hence the produce of boron 
would probably be increased by adding to the borax half its weight of 
soda or .potassa, and double the quantity of charcoal above-mentioned. 
According to Berzelius (Aun. of Phil., xxx. 128), boron is most econo- 
mically obtained by decomposing the borofluoride of potassium. ‘This 
compound, dry and in powder, is heated in a porcelain crucible with 
potassium; the reduction goes on quietly, and the fused mass is triturated 
with water, by which the boron is separated, which is then washed upon 
a filter with a solution of hydrochlorate of ammonia, and afterwards 
with alcohol. 

Boron is a very deep olive-coloured substance, infusible, inodorous, 
insipid, and a non-conductor of electricity. Its specific gravity exceeds 2. 
It is not acted upon by air, water, alcohol, ether, or oils. In the state of 
hydrate it long remains diffused through pure water, and passes through 
filters; but its precipitation is accelerated by saline solutions. It under- 
goes no change when heated in close vessels; but when nearly red-hot in 
the air, it takes fire and burns with difficulty into boracic acid. It is 
more easily oxidized by the action of nitric acid: the pure hydracids 
have no action upon it, but nitrohydrochloric acid converts it into boracic 
acid, and nitrohydrofluoric acid into fluoride of boron. Ata high tem- 
perature it rapidly decomposes nitre, even with explosive violence ; under 
the same circumstances, it also decomposes and deflagrates with the 
hydrate and carbonate of potassa: in the former case water is decom- 
posed, and hydrogen evolved; in the latter, carbonic oxide is evolved in 
consequence of the decomposition of carbonic acid; in both cases borate 
of potassa is the result. 


Boracic Acip. (00 + 60) or bo/.—This, which is the only known ~ 
compound of boron and oxygen, was first obtained by Homberg in 1702, 
and was used in medicine under the name of sedative salt. Its compo- 
sition was demonstrated by Davy in 1807. It is usually obtained by 
dissolving the salt called borax in hot water, and subsequently adding ~~ 
half its weight of sulphuric acid; as the solution cools, white scaly 
crystals appear, which, when washed with cold water, are nearly tasteless, 
and which consist of boracie acid combined with about 40 per cent. of — 
water, and retaining a little sulphuric acid, which it loses at a red heat; 
but inasmuch as such impure boracic acid attacks both metallic and porce- 


lain crucibles, (for although neither sulphuric nor boracic acid sepa- 


rately injure platinum, the combination soon corrodes it,) this ignition ~ 
cannot be effectually performed upon it, another method must be resorted — 
to, which consists in decomposing a hot saturated solution of borax by 
hydrochloric acid; the hydrated boracic acid which falls as the liquid | 
coolg, may then be washed and dried, and safely heated in a platinum 
crucible, when it fuses into a hard transparent glass. Its specific gravity — 
before fusion is 1:48 ; after fusion, about 1°8. At a white heat this acid 
slowly sublimes when exposed to air. . 
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The hydrated boracic acid, is soluble in about 30 parts of cold, and 3 
of boiling water: the latter solution deposits it in pearly scales as it cools: 
it is also soluble in alcohol, to the flame of which it communicates a green 
colour. It has little taste and feebly reddens vegetable blues; it renders 
turmeric brown, like an alkali. (Farapay, Quarterly Journal, xi. 403.) 
The anhydrous acid becomes opaque when exposed to air; it is very 
fusible, and forms fusible combinations with many of the metallic oxides; 
hence, it is often used as a flux. When boracic acid is perfectly pure, it 
is deposited from its aqueous solution, not in scales, but in small prismatic 
crystals. 

According to Davy, boron, when burned iz oxygen, or acidified by 
nitric acid, combines with about 68 per cent. of oxygen; and with this, 
the theoretical estimate of Berzelius coincides: there is, however, a differ- 
ence of opinion as to the equivalent of boron and that of the boracic acid; 
the analysis of Berzelius, Arfwedson, and Soubeiran, gives the proportion 
of the acid to that of the soda in borate of soda as 68 to 32, and assuming 
that salt as a compound of one equivalent of acid, and one of base, I have 
upon the authority of Gmelin, sanctioned by the above analysts, and by 
the composition of some of the other borates, adopted 68 as the equivalent 
of the anhydrous boracic acid; it will, therefore, consist of 


Berzelius: 
Boron mt oO 4. ye Oe a eg SOLO 
Osyeetr es a Ose 485 SF FOSD I. ee 68GB 
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Boracic acid 1 68 10000 ~~ =100°00 
And the hydrated prismatic crystals will consist of 
: : Berzelius. 
Anhydrous boracic acid . 1 GG” on pee UU Ad? 5 tae 0 
Water 39 e 6” 8 ° 54 ° s 44°26 ° e 44 
Hydrated boracic acid ] 122 100-00 100 


These crystals lose 3 atoms of water when dried at 21 


Native Boracic Acrp, occurs among the volcanic products of the 
Lipari islands, whence it has been collected for the manufacture of borax; 
it also exists in the hot springs of that district, and in those of Sasso, in 
the Florentine territory, whence the term sassolin applied to it by some 
mineralogists. It also occurs in Datolite, Boracite, and some other minerals, 
and in native Borax. An account of the Tuscan lagonz, whence large 
quantities of this acid are obtained, is given by Dumas (Chim. App. aux 
Arts, 1. 379). 

Boracic Acip AND AmmontA. Borate or AmMontA. (A+ bo’.)—~ 
According to L. Gmelin, a neutral borate of ammonia is obtained by dis- 
solving boracic acid in slight excess of warm solution of ammonia; the 
temperature rises, and by slow cooling opaque rhombic octoédra are 
deposited, which effloresce by exposure to air, and give off ammonia; they 
are soluble in 12 parts of cold water and the solution when heated is con- 


verted into biborate. This salt consists of 
: L. Gmelin. Soubeiran. Arfwedson. 
LJ the 1S OS, 26 ee a os a 19-88 
bone FOZ: ce bl Om. = 502000) 40. .63°34 
eo t@ Gly. (S670 hci 4oe ©. 23°78 


Ammonia 
Boracic acid 
Waters 57% 


Borate of ammonia 


——_— ee 


130 100°00 100°0 99996 100-00 
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-Brsorate of Ammonra. (A+ 2 b0/.)\—This salt is formed: by satu- 
rating warm solution of ammonia by boracic acid, and slow evaporation: 
it yields transparent, irregular, six-sided prisms, at first tasteless, then hot 
and bitter, and having alkaline reaction on test paper. ‘It dissolves in 
eight parts of cold water, and gives out ammonia when heated. L.Gmelin 
(Handbuch), Soubeiran (Jour. de Pharm, xi, 34), Arfwedson (Poa@cEnp., 
ii. 180). This salt contains 


Arfwedson. lL. Gmelin. 


Ammonia saree iam: orate a he ce Pacis is rae Mal mer Poiye ease 
Boracic acid ANE ok Baya 4) Cole ARR RED eee Ee Gat eye ae ae 
PWater 2) %s 64. 8 | ME | ee A ee Rc ko 
1 
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Biborate of ammonia 216 190°00 1000 100°0 
CuHLorIpE oF Boron. (bo +6¢.)—Sir H. Davy first observed the 
combustion of boron in chlorine, and afterwards Berzelius found that on 
passing dry chlorine over heated boron, or over a red-hot mixture of dry 
boracic acid and charcoal, a permanent gas was formed which might be freed 
from chlorine by passing it through mercury. This gas has a pungent 
odour; it is colourless, fumes in contact of air, is rapidly absorbed by 
water, soluble in alcohol, and forms a liquid compound with ammonia. 
(Ann. of Phil., xxvi. 129.) Its specific gravity according to Dumas is 
3-942, When absorbed by water it forms boracic and hydrochloric acid. 


It consists of — | Dumas, 
Bovevie ues Lee adel ak Gee ee. ae $°5. os.Jia't ee 
Chigrin@e 5 0 0p SB aE BL oie ee 


Chloride of boron 1 236 109°0 | 10000 | 
TopIpE and:BromipE or Boren are unknown. 


Fiuoriwe oF Boron. Frvoporic Actin. (bo +6 f)—In the hope of ob- 
taining anhydrous fluoric acid, Gay Lussac and Thenard heated a mixture 
of vitrified boracie acid and fluor-spar; the result was not as they had 
anticipated, but a peculiar gaseous compound was obtained, to which they 
gave the name of fluoboric acid. (Mem. d Arcueil, 11. 317.) Dr. John 
Davy obtained the same gas, not, however, perfectly pure, by heating in 
a glass retort, over a lamp, a mixture of one part of vitrified boracic acid, 
two parts of finely-powdered fiuor-spar (fluoride of calcium), and twelve 
parts of sulphuric acid. (Phil. Trans., 1812.) It is most probable that, 
in obtaining this gas, the oxygen of the boracic acid combines with the 
calcium of the fluor-spar to form oxide of calcium or lime, and that the 
boron and fluorine unite to produce the gas. 

- Fluoboric gas, according to Dr. Davy, has a specific gravity —2°371, 
according to Dumas = 2°31; it is colourless, of a pungent odour, highly 
deleterious to respiration, and extinguishes flame. It strongly reddens 
litmus ; and when bubbles of it are allowed to escape into the air, they 
produce a remarkable dense and white fume, in consequence of their 
eager attraction for, and combination with, aérial moisture. Water takes 
up 700 times its volume of the gas, increasing in yolume and density, 
and forming a caustic and fuming solution, in which Berzelius found 
boracic and hydrofluoric acids in combination, (Lorohydrofluoric acid :) it 
would seem, therefore, that fluoboric gas decomposes water, and that the 
hydrogen of the water unites to the fluorine to form hydrofluoric acid, 


| 
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and the oxygen to the boron, to form boracie acid. “When the solution is 
concentrated, the hydrofluoric and boracic acids again decompose each 
other, and the original compound is reproduced. Neither the gas nor the 
liquid acid act upon glass, but they speedily decompose almost all organic 
substances: a piece of paper introduced into the gas, standing in a tall 
jar, over mercury, causes its rapid absorption, and becomes charred as if 
burned, in consequence of the abstraction of the elements of water. When 
potassium is heated in fluoboric gas, it burns, and a brown compound 
results, consisting of boron and fluoride of potassium: the latter may be 
dissolved in water, and pure boron remains. Regarding fluoboric gas as 
a binary compound, it consists of 
; Berzelius. Vols. Sp.Gr. _ 
BOON eters Sole ed es Gti. | LORE eT, ees Beno 
Minorine’s <3 68 2° 10a ee Ra BRIE Soe BOR epee 
1 


128 100 100'00 4* 2°2809 | 
‘FLvoBoRATE or AmMon1A.—Fluoboric acid and ammonia condense 
each other apparently in three proportions. If one measure of the acid 
gas be admitted to one of ammonia, in a jar over mercury, complete con- 
densation ensues, and a solid compound results, which sublimes without - 

decomposition when gently heated. It consists probably of 
J. Davy. 


Wimnenie 6) BSI y7 eh 9e yen ap Sey ag 
Piluoboren ©4588 3 eae es 4 79 « »« 80 
] 


162 100 100 

Liquip Suprivoporire or AmmontA.—One measure of fluoboric gag 
with two of ammoniacal gas, condensed each other into a colourless 
liquid, which, when heated, or exposed to air, lost ammonia, and be- 
came converted into the former solid. This liquid compound consists 
therefore of 


J. Davy. 
Ammonia e ° e 4 ° e 68 e ° 34 69 e ° 33 
Pinoporgn: 24 eS ee 0 ee ate Soe 
1 


196 100°00 100 


Dr. Davy also found that a compound might be formed of 1 volume 
of fluoboric gas, and 3 of ammoniacal gas, or of 1 proportional of the 


former, and 6 of the latter, and which, in its chemical properties, closely 
resembled the preceding. 


SULPHURET OF Boroy.—When boron is strongly heated in sulphur- 
vapour, it burns and produces an opaque white compound, which by the 


contact of water yields boracic acid and sulphuretted hydrogen. (Brr- 
ZELIUS. ) 


* In this calculated result, which | that the volume of fluorine which repre- | 
nearly coincides with experiment, it is | sents its specific gravity in reference to 
assumed that the specific gravity of boron hydrogen is, as is the case with oxygen, 
vapour is 20 times that of hydrogen, and equal to two equivalents. : 
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Sucn are the general properties of the simple non-metallic substances, | 
and of their mutual combinations; they have been described in the order. 


suggested at page 350, and I trust that the principles of nomenclature 
which are there adverted to will now be intelligible, and that the 
arrangement, adopted in respect to them and their numerous compounds, 
will be thought sufficiently perspicuous and convenient to justify the 
application of a similar method to the metals, and to the multifarious com- 
binations which that important class of substances form with the bodies 
which have been described in thig chapter. I have already observed, 
that, strictly speaking, the basis of Silica, under the name of svlicon, 
should have been placed among the non-metallic elements, and that the 
analogies which it bears to boron are such, as to justify its dismissal from 
the metals: but others of its characters have been but imperfectly 


examined ; and, if general analogies are made the basis of our arrange- 


ments, it would not be difficult to show that, in many other cases, the 
line of demarcation between the non-metallic and metallic bodies, 1s so 
indistinct, as to render it probable that they may gradually merge into 
each other, and that the distinctive characters by which it has been 
attempted to separate them, are not well-founded: these matters will be 
more evident, when the history of the individual metals 1s examined; thus, 
the striking analogy that subsists between sulphur and arsenic, is such, as 
closely to approximate those substances; and some of the other acidifiable 
metals are, by a similar analogy, related to arsenic; and, on the other 
hand, carbon approximates so closely in certain of its characters, to those 
considered appropriate to the metals, as, in the opinion of some, to justify 
its being placed among them: in short, the more we examine into the 
details of our artificial arrangements, the less consistent do we in general 
find them with nature; so that they should always be regarded as merely 
tending to the convenience of description and discussion, and not as pos- 
sessing any further claims upon our consideration. Hence, I have not 
thought it worth adverting, in detail, to the opinions of contemporary 
writers upon this subject, or enumerating the grounds upon which they 
have contrived plausibly to arrange the subjects of chemistry in an order 
extremely at variance with that which is here adopted. To describe those 
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substances first, which, in the common acceptation of the term, are most 


important, which are of most frequent occurrence, and most influential in 
the majority of chemical phenomena, and to associate the description of 
compounds with those of their elements, seems to me to be the system 
which least perplexes the student, and is, therefore, that upon which the 
preceding and succeeding portions of this work are founded. 


stances. 
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Cnapter VI. 


_OF THE METALS, AND THEIR COMBINATIONS. 


THE metals constitute a numerous and important class of simple sub- 


They are forty-three in number, and are enumerated in the fol- 


lowing table with their equivalent numbers and symbols annexed. 


Equiv. Symbol. 


‘1. Gold . ; . 200 = an. 23. Palladium “ 
2. Silver . A - 108 ag, 24. Rhodium ; 
8B. Copper . . 32 Cu. 25. Iridium , ‘ 
A. Tron : ; ye 95 Je. 26. Osmium 
‘5, Mercury . ‘ 200 hg. 27. Cerium . ‘ 
6. Tin : : OB Sta, 28. Potassium 
-J. Lead . . : 104 pl. 29. Sodium" . r 
8. Zine i . - 32> 3n, 30. Lithium : 
9. Bismuth Z rg. Ba: 31. Barium , ; 
10. Antimony . * 65 an. 32. Calcium 5 
11. Arsenic . e - 88 ar. 33. Strontium ° 
12. Cobalt . : : 30 cob. 34, Magnesium . 
13. Platinum . . « §9 pla. 35. Silicium , ; 
14, Nickel . : 28 Ie. 36. Alumium . 
15. Manganese A 238 man, 37. Yttrium , ; 
16. Tungsten ° » 100 fu. | 38 Glucinnm , 
17. Tellurium . ( 32... fel. 39. Zirconium 7 
18. Molybdenum. . 48 mol. 40, Cadmium . 
19. Uranium . “ 217 urnm.| 41. Thorium . : 
20. Titanium : Be weet 42, Vanadium , 
21, Chromium . = 28 chr. 43, Lantanium 5 
22, Columbium . . 185 col, : 


22, 


Equiy. Symbol. 


» o4 pal. . 
Ay Gee Pee 
- 96 Gr 
100 os 
- 48 ¢e, 
40 po. 
s 24. So, 
So Hi, 
. 69 ba. 
20 cal 
44 str, 
12 mag. 
8 st. 
26 «al, 
- 32 Yt, 
18 gl. 
22 tr. 
56 cad 
. 60 th. 
68 Wa. 
gid AE 


Of these metals the first seven were known in very remote ages. The 
ancients designated them by the names of the planets, to which they 
were supposed to have some mysterious relation; and each was denoted 
by a particular symbol, representing both the metal and the planet. (In 
respect to the origin and application of these symbols, see BeckMANn’s 
History of Inventions.) 


Gold was the Sun, and was thus represented G) 


Silver .... Moon y 
Mercury .... Mercury fe) 
Copper ... Venus 2 
Tron .. Mars re 
Tin ... Jupiter pi 

R 


Lead .. Saturn 


| ; _ Zine was not known to the ancients, though they were probably 
acquainted with its ores, and with their property of forming brass when 


* 
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fused with copper. (Puiny, lib. xxxiv., cap. 2 and 10.) _ The word Zinc 
first occurs in the writings of Paracelsus, who died in 1541. Bismuth — | 
is mentioned in the Bermannus of Agricola, written about 1530. Anti- | 
mony was first obtained in its pure state by Basil Valentine towards the 
end of the fifteenth century; it is described in his Currus Triumphalis 
Antimonii. Arsenic and Cobalt were discovered by Brandt in 1733 
(Acta Upsal. 1733 and 1742); the ores were known at a much earlier 
period. Platinum was first recognised as a peculiar body in 1741, by — 
Mr. Charles Wood, Assay-Master in Jamaica (Phil. Trans., vol. xtiv.) — 
In 1751, the distinctive characters of Nickel were shown by Cronstedt 
(Stockholm Transactions), and Manganese was obtained by Gahn in 
1774 (Bereman’s Opuscula, vol. ii.) Tungsten was discovered by MM. 
- Delhuyart, in 1781 (Mémoires de Toulouse). Tellurium and Molyb- 
denum by Miiller and Hielm, in 1782 (CreEt’s Annals, 1790 and 1798). 
Uranium by Klaproth in 1789. Titanium by Gregor, in 1789 (Jour. de 
Phys., xxxix.) Chromium by Vauquelin, in 1797 (Ann. de Ch., vol. — 
xxv.) In 1802, Hatchet discovered Columbium (Phil. Trans.) Palla-_ 
dium and Rhodium were discovered by Wollaston; and Iridium and ~ 
Osmium by Tennant, all in 1803 (Phil. Trans.) Cerium was announced 
in 1804, by Hisinger and Berzelius (Gruten’s Journal, ii.) Potassium — 
and Sodium were discovered in 1807, by Davy, whose experiments also 
led to the discovery of the metallic nature of the ten following bodies ~ 
(Phil. Trans.) ‘Stromeyer discovered Cadmium in 1818 (Anz. of Phil., 
xiii.) Thorium was discovered by Berzelius in 1829 (PoacEnp., Ann., 
xvi.), Vanadium by Seftstrém in 1830 (Ann. de Ch. et Ph., xtvi.), and 
Lantanium by Mosander in 1838. . : s 

Metals are chiefly found in the earth in veins which traverse the 
granitic, schistose, and limestone rocks; they also occur, although com-— 
paratively rarely, in rounded and detached fragments and nodules, disse- 
minated tbrough certain alluvial and diluvial strata. They seldom occur 
in an uncombined state, but almost always united to other substances, as — 
in the following classes:— , . 

i. Native Metals are those which occur pure or alloyed, such as pla- 
tinum, rhodium, iridium, osmium, gold, silver, mercury, copper, antimony, 
arsenic, and tellurium. 

ii. Metals combined with simple non-metallic substances. The com-_ 
pounds belonging to this class are the native metallic oxides, and native 
chlorides; iodides and bromides are extremely rare; and there are few 
fluorides. The native metallic sulphurets are a numerous and important — 
series of ores. The seleniurets are rare. There are no native carbu- — 
rets, hydrurets, phosphurets, nor borurets. . : R 

a. 
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iii. Metals in combination with acids; Metallic Salts. Of these the — 
most common are the native carbonates, sulphates, and phosphates: there _ 
are a few native borates; and a few species belong also to this class in = 
which the oxide is united to a metallic acid: such as the native arseniates, 
chromates, tungstates, molybdates, and vanadiates. 


~ it 


Proverties or tHE Metrats.—Opacity, §c. The metals, as a class, — 
are characterized by opacily, and a peculiar lustre. Their opacily is 
such, that even when extended into very thin leayes, they generally trans~_ 
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mit no light; silver-leaf, only one one-hundred-thousandth of an inch in 
thickness, is perfectly opaque. Gold, however, when beaten out into leaves 
one two-hundred-thousandth of an inch in thickness, transmits green rays 
of light; and itis probable that thin films of other metals transmit certain 
rays of light. Their lustre depends upon their great power of reflecting 
light, in consequence of their opacity. They are excellent conductors of 
heat and of electricity. (See pages 155 and 245.) 

The polished metals are very imperfect radiators and receivers of heat 


(page 211); but they are excellent reflectors both of light and heat, and 


hence their peculiar fitness for the construction of mirrors. 

Whenever the polish of the metallic surface is impaired, its power of 
reflecting heat suffers a proportionate diminution, while its power of 
absorbing, and also of radiating heat, is proportionably increased. (See 
page 206.) 

Crystallization. The greater number of the metals are susceptible of 
assuming the crystalline form. With many this may be effected by fusion 
and slow cooling, and especially by suffering a ladle, or crucible, filled 
with the melted metal, to’ concrete externally, and then perforating the 
solid crust, and pouring out the liquid interior; the cavity so formed will 
then be lined with crystals: this mode of proceeding answers extremely 
well with bismuth, which furnishes a singular congeries of cubic crystals 
(p. 113). When the metals are precipitated by each other, they often 
crystallize during their deposition, as is seen in the precipitation of silver 
by mercury, and in that of lead by zine. <A stick of phosphorus immersed 
in a solution of silver becomes incrusted with beautiful metallic crystals, 
which, after some time, perfectly encase the phosphorus. Gold is occa- 
sionally deposited in a crystalline form, from its ethereal solutions. Some 
curious facts relating to this subject, will be found in a paper by Profes- 
sor Daniell, “On certain phenomena resulting from the action of Mercury 


upon different Metals.” (Royal Instit. Journal, i, 1.) During the elec- 


trolysis of metallic solutions, especially where low powers are employed, 
beautiful metallic crystals are also occasionally obtained. 

Specific Gravity. There is the greatest difference in the specific 
gravily of the different metals, the heaviest and lightest solids being 
included in the list. Their specific gravity is also in some instances a 
little increased by hammering, rolling, and some other mechanical pro- 
cesses by which they are permanently compressed. 

The principal metals, arranged according to their specific gravities, 


‘stand as follows (Temp. 60°, Water =1):— | 


Platinum : - 20:98 Nickel , : o.oo, 
Gold . . ; 19-258 Irony. - : 778 
Iridium . , - 18°680 Molybdenum . . 7:40 
~ Tungsten’ . 17°50 Tin A 2 j 7°30 
. Mercury. , >» 13°568 Zine . : - 700 | 
- Palladium , - 11°50 Manganese . ° 6°85 
Lead - A > L365 Antimony . . 670 
Silver . ‘ : 10°47 | Tellurium. : 610 
Bismuth . - - 9°80 Arsenic , : -a1.0'G 
Uranium , . 9:00 Titanium =, : 53 
‘ Copper . 2 - 889 Sodium : « 0972 
Cadmium , ; 8°60 Potassium : 0°865 


Cobalt . . » 853 
2Q2 
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- Malleability: - Among the metals, some are malleable, ‘others ‘brittle ; 
hence the ancient division into nent and semi-metals. Common gold- 
leaf is not more than sgggpath of an inch in thickness, and five grains 
are sufficient to cover a surface of more than 270 square inches. This. 
capacity of being extended by the hammer, et is to the following 
metals :— 


Gold Tin Lead Nickel Sodiuni 
Silver Cadmium Zine Palladium Frozen MOrEMEy- 
Copper ' Platinum: Tron Potassium 


Ductility. The malleable metals are also ductile; that i is, they admit 
of being drawn out into wires. A grain of gold may be drawn into 500 
feet of wire; and by enveloping it in silver, Dr. Wollaston found that 
it might be so extended, as that 700 feet weighed only one grain; im 
thickness, therefore, not exeteding sooooth of an inch. The coating of 
silver was removed by dilute nitric acid. In the same way he produced 
platinum wire of similar tenuity. (Phil. T'rans., 1813.) The metals are: 
arranged according to ductility as follows:— 


Gold Tron Tin Palladium 
Silver Copper Lead Cadmium. - > 
Platinum Zinc Nickel 


Tenacity. Different metallic wires are possessed of different degrees 
of tenacity, by which is meant the power of supporting a weight without 
breaking. According to the experiments of Guyton Morveau, the fol- 
lowing are the weights sustained by wires 0°787 of a line in diameter 
(Ann. de Ch. et Ph., UXxi.):— 


Ibs. dec. Se PCss 
, ‘ 3 avoir, parts. hie ‘ae 
A wire ofiron supports . . 549250 | A wire of gold supports .* . 150°753 
» - copper. . « .~ « .. 802278 ” zimc . » . . . 109540 
yc, Platina ~ *s 274-320 3 tin . ang: eer ee 


yy BHVER Oe A BT87 3 fed PS 27°621 


Brittleness. The following metals are brittle, and most of them may 
even be reduced to powder:— 


Antimony . Cerium — Columbium Tellurium Uranium 
Arsenic Chromium Manganese Titanium Rhodium, 
Bismuth Cobalt Molybdenum Tungsten — 


Hardness. Few of the metals, when pure, are very hard, and many ; 


so soft as to yield to the nail. In the following table, some of ne Bie 
are arranged in the order of their hardness. (Dumas. ) 


Titanium Chromium ihe haale 
Manganese } Harder than stecs, Rhodium } Sora Blass 1 
Platinum : eee’ Nickel f 

Palladium a : Cobalt : : Rae: 
Copper hy FP _ | Tron Scratched by glass. 
Gold cals Antimony . ; 
Silver ‘Scratched by cale-spar. | Zinc | . 
Tellurium i Lead, , Scratched by the nail. 
Bismuth ; Potassium ° 
Cadmiym RT eg } Soft as wax (at 60 fs 
Tin 3 Mercury, Liquid. 


Elasticity and: sonorousness belong to the hardest metals only, and 4 


are most evident in certain alloys. 


2 ene go ‘I 


i inal 
Pera Ye, 


a 


“metallic supports are used-when the subject of the experiment is 
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. Odour and Taste.’ There are several of the metals which have a 
peculiar odour, especially when they are rubbed, or their temperature 
otherwise slightly elevated; this is more, especially the case with copper, 
iron, and tin. It has been supposed that these metals owe their smell and 
taste to some foreign matter, and possibly electricity may be concerned ; 


yet many of the most oxidable metals are entirely destitute both of taste 
and odour. 


Fusibility*. The metals are all susceptible of fusion by heat, but the 
temperatures at which they liquify are extremely various. Mercury is 
fluid at common temperatures, and requires to be cooled to—39° before 
it congeals. Potassium melts at about 140°, and sodium at 200°; tin at 
450°; lead at 600°; zinc at 700°; and antimony at 800°. Silver, gold, 
and copper, require a bright cherry-red heat; iron, nickel, and cobalt, a 
white heat; manganese and palladium, an intense white heat; molyb- 
denum, uranium, tungsten, and chromium, are only very imperfectly 
agglutinated at the highest temperatures of our furnaces; and titanium, 


_* In the examination of the effects of heat upon metallic 
and mineral substances, the blowpipe is a most useful and 
necessary auxiliary to our other operations; it affords a simple 
and convenient means of heating to a very high. degree, and 
almost instantaneously, any substance sufficiently small to be 
enveloped in its flame; and the experienced eye is thus fre- 
quently enabled to anticipate, with much precision, the nature 
of the substance submitted to experiment. There are nume- 
rous forms of the blow-pipe, among which, that represented 
in fig. 269 is perhaps the most convenient. It consists of a 
brass-tube a, with an ivory mouth-piece 8; the other end of 
the tube terminates in a circular box, from which issues the 
small tube d, moveable in any direction’round the centre c, by 
which any degree of obliquity may conveniently be given to the 
flame ; ¢ is a brass jet which fits upon the tube d. 

The following observations respecting the use of the blow- 
pipe, and its action upon several substances, are extracted from 
Mr, CHILDREN’s Essay on Chemical Analysis; a work from 
which the student may derive much valuable information. 

A continued stream of air is absolutely essential, to produce 
which, without fatigue to the lungs, an equable and uninter- 
rupted inspiration must be maintained by inhaling air through 
the nostrils, whilst that in the mouth is forced through the 
tube by the compression of the cheeks, A little practice will 
make this operation easy, but at first considerable lassitude is 
generally experienced in the buccinator muscles. Upon this 
subject, see-Farapay’s Manipulation, s. iv. After habit has 
rendered the operation familiar, a current may be kept up for 
ten or fifteen minutes, without inconvenience. A large wax- 
eandle supplies the best flame, which being urged by the blast, 
exhibits two distinct figures ; the internal fame is conical, blue, 
and well defined, at the apex of which the most violent degree 
of heat is excited: the external is red, vague, and undeter- 
mined, and of very inferior temperature to the former, 

- The substance to be submitted to the action of the blow- 
pipe, which should not be larger than a small pepper-corn, must 
be supported either on charcoal, or a slip of platinum or silver 
foil, or be held in a pair of platinum pincers. In the first case 
it may be placed in a cavity in the charcoal, and another piece 
laid over it to prevent its being carried off by the blast. The 
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cerium, osmium, iridium, rhodium, platinum, and columbium, require 
the intense heat produced by an inflamed current of oxygen and hydro- 
gen, or that of Voltaic electricity. Arsenic volatilizes before it fuses; but 
in general, at higher temperatures than that required for their fusion, the 
metals are volatile, and many of them may be distilled in close vessels. 
Mercury, cadmium, arsenic, potassium, sodium, tellurium, and zinc, are 
volatile at a red heat. Gold and silver are converted into vapour when 
exposed to the intense heat of the focus of a burning lens; and several 
of the other metals boil and evaporate under similar circumstances. It 
is probable that this would happen to all of them, if raised to sufficiently 


high temperatures. 


intended to be exposed to the action of 
heat only, and might be altered by con- 
tact with the charcoal. If a very intense 
heat be required, the foil may be laid on 
charcoal. Salts and volatile substances 
are to be heated in glass tubes, closed 


“at one end, and enlarged according to 


circumstances, so as to form small 
matrasses. 

The exterior flame should first be 
directed on the substance, and when its 
action is known, then the interior blue 
flame. Notice should be taken, whether 
the matter decrepitates, splits, swells up, 
liquifies, boils, vegetates, changes colour, 
smokes, is inflamed, becomes obedient 
to the magnet, &c.: when the action of 
heat alone has been ascertained, it will 
be necessary to examine what further 
change takes place, by fusing it with va- 
rious fluxes, and also whether it be ca- 
pable of reduction to the metallic state. 

The three most useful fluxes are, the 
triple phosphate of soda and ammonia, 
carbonate of soda, and borax. These 
are to be kept ready pulverized, and 
when used, a sufficient quantity may be 
taken up by the moistened point of_a 
knife; the moisture causes the particles 
to cohere,and prevents their being blown 
away, when placed on the charcoal. The 
flux must be melted into a clear bead, 
and the substance then placed on it, and 
submitted, first to the action of the ex- 
terior, and then to that of the interior, 
flame. The appearances which ensue 
must be observed; as, Ist. If the sub- 
stance be dissolved, and whether with 
cr without effervescence. 2nd. The 
transparency, and colour of the glass 
whilst cooling. 3rd. The same circum- 
stances when cold. 4th. The nature of 
the glass formed by the exterior flame. 
5th. Also by the interior flame. 6th. 
‘The particular appearances with each of 
the fluxes. 


Carbonate of soda does not forma 
bead on charcoal, but with a certain de- 
gree of heat is absorbed; it must there- 
fore be added in very small quantities, 
and a gentle heat used at first, which 
will promote combination without the 
absorption of the alkali. Some minerals 
combine readily with very small portions 
of soda, but difficultly if more be added, 
and are absolutely infusible with it in 
great excess; and when the substance 
has no affinity for this flux, it is absorbed 
by the charcoal, and no combination 
ensues. When the mineral contains 
sulphur or sulphuric acid, the glass ac- 
quires a deep-yellow colour, which by 
the light of a lamp appears red, as if 
produced by copper. If the glass bead 
become opaque as it cools, so as to render 
the colour indistinct,it should be broken, 
and a part of it mixed with more of the | 
flux, till the colour becomes purer, and 
distinct. To make the colour more per- 
ceptible, the bead may be flattened 
whilst soft, or drawn-out to a thread. 

If it be wished to owxidate a metallic 
substance, combined with either of the 
fluxes, the glass is first heated intensely, 
and when fused, gradually withdrawn 
from the point of the blue flame, and the 
operation repeated as often as necessary, 
using a jet of large aperture. The addi- 
tion of a little nitre also assists the oxi- 
dation. For the reduction of metallic 
oxides, the glass bead is to be kept in 
fusion on charcoal, as long as it remains 
on the surface and is not absorbed, that 
the metallic particles may collect into a, 
globule. It is then to be fused with an 


‘additional quantity of soda, which will 


be absorbed ,by the charcoal, and the 
spot where the absorption has taken 
place strongly ignited by a tube with a 
small aperture. By continuing the 
ignition, the portion of metal which was 
not previously reduced will now be 
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The following table of the fusibili 


by Dr. Turner. (Elements of Chem.) 


591 
ty of the metals has den drawn up 


Fahrenheit. 


Mercury , : : é : —39° Different Chemists, 
Potassium ; : : pore pt OOF i Gay Lussac and 
Sodium ‘ : : ; ‘ 190° Thenard. 
° Tin ° r ° ° ° ° e 442 
pele Bismuth , , é ‘ . ‘ 497° ¢ Crichton. 
pe Lead : . ; : ; we G12e 
he: Tellurium: rather less fusible than lead Klaproth, 
: Arsenic, undetermined. 
Zine . ; ‘ A . . 773° ~—- Daniell. 
' Antimony, little below redness . ‘ 
Cadmium , : : ; ; 442° Stromeyer. 
Silver , . ‘ , ” Sag Cir Be 
Copper F : ; - 1996° $ Daniell. 
Gold ers dle ar Sia hae 00: | 
Cobalt; rather less fusible than iron. 
Tron, cast ‘ : : : . 2786° Daniell. 
Iron, malleable japan the highest heat 
Manganese of a smith’s forge. — 
Nickel, nearly the same as cobalt. 
Infusible | Palladium 
~ below | Molybdenum 
ared \- Uranium 
heat. Tungsten 
Chromium Almost infusible, and not to be procured in buttons 
Titanium ‘ “1, : : 
Guess by the hens of a pee forge, but fusible before 
Genin, the oxyhydrogen blowpipe. 
Tridium 
Rhodium 
Platinum 
Columbium 


Action or Oxycen.—When the metals are exposed at ordinary 
temperatures to the action of oxygen, or of common air, which produces 
analogous, though less powerful effects, they are very differently affected. 


If the gas be perfectly dry, few of th 


em suffer any change, unless heated 


in it; they then. lose their metallic characters, and form an important 


Series of compounds, the metallic oxides. 
action of heat and air so completely, 


A few of the metals resist the 
that they may be kept in fusion in 


an open crucible for many hours without undergoing change. This is 
the case with platinum and gold; hence they and a few others were 


brought to the metallic state, and the 


_ process may be assisted by placing the 


bead in a smoky flame, so as to cover it 
with a soot that is not easily blown off. 
The beads which contain metals fre- 
quently have a metallic splendour, which 
is most easily produced by a gentle, 
fluttering, smoky flame, when the more 
intense heat has ceased. With a mode- 
rate heat the metallic surface remains ; 
and by a little practice it may generally 
be known whether the substance under 


examination contains a metal or not, 


called noble metals: by passing a strong electric discharge through them, 


But the glass of borax alone sometimes 
assumes externally a metallic appear- 
ance. When the charcoal is cold, that 
part impregnated with the fused mass 
should be taken out witha knife, and 
ground with distilled water in an agate 
mortar. The soda will be dissolved ; 
the charcoal will float, and may be 
poured off: and the metallic particles 
will remain in the water, and may be 
examined. In this manner most of the 
metals may be reduced, 
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when drawn into very fine wire, they are reduced to the state of impal- 
pable powder, which is sometimes regarded as an oxide; but the appear- 


ance ensues in hydrogen as well as in common air, and the oxides of those — 


metals are reducible by heat alone: the appearance, therefore, is probably 
referable to minute. mechanical division only. Other metals readily 
absorb oxygen when exposed to a temperature. approaching a red heat; 
as iron, mercury, nickel, &c.; others absorb it when in fusion, as lead, 
tin, antimony, &c.; others at lower, or’even at common temperatures, as 
arsenic, manganese, sodium, potassium, &c. The mutual action, how+ 
ever, of metals and oxygen is apparently much interfered with by their 
aggregation, for some of them, which under ordinary circumstances are 
only slowly oxidized by exposure to air-and ‘heat, are rapidly acted on 
when in very fine mechanical division, evén at common temperatures; 
and this would probably be found more generally the case, had we the 
means of reducing them to extremely fine powder. 

That the metals have different attractive powers in regard to oxygen 
is shown by the circumstance of one metal being oxidized at the 
expense of another: thus the oxide of mercury, heated with metallic 
iron, produces metallic mercury and oxide of iron; potassium, heated 
with oxide of manganese, becomes oxidized, and metallic manganese is 
obtained. Upon the same principle, solutions of metallic oxides in the 
acids may often be reduced to the metallic state by the immersion of 
other metals. Mercury thus decomposes nitrate of silver; copper decom- 
poses nitrate of mercury; and iron decomposes nitrate of copper. In 
these cases of metallic precipitation, electricity becomes active the moment 
that the deposition commences; the precipitating or reducing metal being 
positive, and that which is precipitated, or reduced, negative. Very 
beautiful crystalline deposits may thus often be obtained, as where silver 
is precipitated by mercury, and lead by zinc. Metals which are in this 
way difficultly thrown down from their solutions in acids, are sometimes 
easily obtained from their solutions in alkalis, as for instance tungsten 
and tin. | : 

Many of the metallic oxides are reduced, when in solution, by the 
protosalts of iron and tin, which by abstracting oxygen pass into the 
state of persalts, and throw down the reduced metal in a pulverulent 


form. ‘The protosalts of iron are in these cases preferable to those of . 


tin, inasmuch as the resulting peroxide of iron is retained in solution, and 
the precipitated metal is pure; but the peroxide of tin often falls along 
with the reduced metal, in consequence of its difficult solubility in most 
of the acids. aie 

Some of the oxides are decomposed by mere exposure to heat, as those 
of platinum, gold, silver, and mercury: others require the joint action of 
heat, and some substance having a high attraction for oxygen, such as 
charcoal. ‘Thus when oxide of lead is heated with charcoal, carbonic acid 
gas is evolved, and metallic lead obtained. This important process is 


termed reduction, and is performed in various ways, as will appear by. 


reference to the history of individual metals. The reduction of an oxide 


is also frequently effected by passing a current of dry hydrogen over it in 


a heated tube; in this case the oxygen is carried off in the form of water. 
Sometimes the reduction of an oxide is effected by the aid of another 
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metal possessed of a very superior attraction for oxygen, as in the cases 
_ eited in the preceding paragraph; and in’ some cases complicated attrac- 
tions are directed to the process of reduction, as in the production of 
_ potassium by the action of red-hot iron upon hydrate of potassa. 

Electricity is an all-powerful agent in metallic reduction, and capable, 
under certain circumstances, of overcoming the most energetic attractions. 
This important subject has been discussed and illustrated in a former 
chapter (p. 307). 

Some of the metallic combinations, especially those of gold, are 
reducible by the agency of light (p. 200); the salts of silver are also dis- 
coloured or partially reduced by the same agency. 

The oxidizement of a metal is an essential preliminary to the forma- 
tion of its oxy-salts, or, in other words, to its combinations with oxy-acids ; 
and in this respect common chemical nomenclature is inaccurate. Thus 
we speak of sulphate of copper, nitrate of zinc, &c., meaning sulphate of 
oxide of copper, nitrate of oxide of zinc, &c. This ambiguity is prevented 
with respect to the alkalis and alkaline earths, the oxides of their bases 
being characterized by a distinct termination: thus phosphate of soda 
means phosphate of oxide of sodium, &c.; a circumstance which induced 
Sir H. Davy to propose an analogous termination for all the oxides, appro- 
priately applied to their common Latin names: Cupra, oxide of copper; 
Argenta, oxide of silver, &c.; but this proposal, which he extended to 
other compounds, was never adopted. 

Each metal has a certain definite quantity of oxygen with which it 
combines; and where the same metal unites in more than one proportion 
with oxygen, in the second, third, and other compounds, it is a multiple 
of that in the first, consistent with the law of definite proportionals. 
Thus, 100 parts of mercury combine with 4 of oxygen to produce the 
black oxide, and with 8 to produce the red oxide. Copper also forms two 
oxides; in the one 12°5 of oxygen are united to 100 of metal, and in the 
other 25. Where two oxides only are thus formed, that with the mini- 
mum of oxygen is termed the protoxide, and that with the maximum of 
oxygen the peroxide; where there are three or four distinct steps of 
oxidizement, the terms deutoxide or binoxide, and tritoxide or teroxide, 
may be applied to the second and third stages; and where the proportion 
of oxygen, in three oxides, is in the relation of J, 14, and 2, the second is 
termed a sesquioxide. 3 

M. I. de Montizon has attempted to show (Ann. de Ch. et Ph., vii. 7) 
that a relation subsists between the quantity of oxygen with which the 
metals combine, and their specific gravities ; the oxygen being a multiple 
or submultiple of the density; and he has given a table comparing the 
results deduced from such a theory, with those obtained by analysis. 

In reference to an hypothesis originally propounded by Davy (Elem. 
of Chem.), respecting the possible existence of hydrogen in the metals, 
and of water in their oxides, Gay Lussac has observed that the lightest 
metals are those which absorb most oxygen in becoming oxides; and that 
_ the heavier or denser metals, on the contrary, absorb less oxygen; in other 
words, the denser metals are those which have the higher equivalents, the 
lighter metals being represented by lower numbers: this law, though not 
rigorously exact, is sufficiently so to deserve attention, and if, selecting 
2k 
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Pas ¢ 


Pa 
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certain metals they be divided into two groups, it will be found that 
where. the specific gravity varies from 10 to 20, the atomic weight is — 
about or above 100, but that where the specific gravity is between 8 and 
1, or below 1, the atomic weight is about 30. % 


I, If. 

* Metal. Sp.Gr. Atomic Weight.| Metal. Sp.Gr. Atomic Weight. 
Platinum . . 20°98 . . 99 Cobalt. 2 ». «1 853 &« 6 30° i 
Geld. oy ve AVAO Seno Copper. . . -. 889 3 + B2 
Iridium . . . 1860 . . 96 Nickel... 3024000 S20 So eaee 
Tungsten . . 1750 . . 100 ThOD yy 40 ek el ie eee 
Mercury. . . 13°56 . . 200 Zinc ’ 700 . . 32 
Pead.....o vee 186577 48 Manganese . +» 685 . . 28 
Silver. . . » 10°47 4. . 108 Sodium - 1 5») O97: es 4 


Among the combinations of metals with oxygen, some are insoluble in — 
water, or nearly so, and have neither taste nor smell; others are soluble — 
and sour, constituting the metallic acids; others are soluble and alkaline, — 
forming the fixed alkalis and alkaline earths. They are of all colours, ~ 
and frequently the same metal united to different proportions of oxygen ~ 
produces compounds differing in colour: thus we have the black and red 
oxide of mercury, the green and the black oxide of manganese, Wes pe 

The different oxides of the same metal frequently form distinct salts 
with the acids, and the quantity of acid required to neutralize the oxide 5 
bears a direct proportion to the oxygen which it contains. Thus, 208 
parts of protoxide of mercury, containing 8 of oxygen, combine with 40 | 
of sulphuric acid to form the protosulphate of mercury; and 216 parts of — 
the peroxide of mercury, containing 16 of oxygen, require 80 of sulphuric — 
acid to constitute the persulphate of mercury. This law was first deve- — 
loped by Gay Lussac (Mémoires d’Arcueil, ii. 159). It sometimes hap- — 
pens that the same oxide unites with an acid in two proportions, forming 
two distinct salts, in which case the acid in the second is a multiple of that 
in the first. Thus, 48 parts of potassa unite to 22 and to 44 of carbonic — 
acid, forming a carbonate and a bicarbonate of potassa. We thus have — 
an oxalate, a binoxalate, and a quadroxalate, of potassa, &c. 

The metallic oxides occasionally combine with each other, forming — 
definite compounds; instances of such combinations are common in the | 
mineral kingdom: in this case one of the oxides appears to perform the _ 
part of an acid, and the other that of base. Many of the compounds of — 
silica ‘furnish illustrative instances. The salts of the proper metallic acids — 


are also analogous compounds. f 

Action or Cutorine.—All the metals appear susceptible of com- — 
bining with chlorine, and of producing a class of compounds which may ; 
be termed metallic chlorides. "There are a few of the metals which resist 
the action of chlorine at common temperatures, but when heated they all — 
combine with it; some slowly; others rapidly, and with intense ignition. # 
Copper-leaf, powdered antimony, arsenic, &c., burn when thrown into | 
the gas: mercury and iron inflame when gently heated in it; silver, gold, 
and’platinum, quietly absorb it. In these cases, minute mechanical — 
‘division remarkably accelerates the action. The attraction of chlorine for 
metals is greater than that of oxygen; consequently when a metallic | 


oxide is heated in chlorine, oxygen is evolved, and a chloride formed. 


AST 
% 
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_ The insoluble chlorides are also formed by adding solution of chlorine, or 

__ of the soluble chlorides, or of hydrochloric acid, to the soluble metallic 
salts. Thus chloride of silver, which is insoluble, is thrown down from 
the soluble nitrate of silver by solution of chlorine, of hydrochloric acid, 
and of common salt: hence, too, all the soluble chlorides are recognised, 

__ by yielding a white precipitate with solution of nitrate of silver, which is 

_ soluble in ammonia, and which, when pure, rapidly blackens by exposure 
to the sun’s rays. 

The physical and chemical properties of the chlorides are extremely 
various. They are nearly of all colours. They are generally unchanged 
by heat; but some undergo decomposition. Some are soluble, others 
insoluble, in water. Some permanent; others deliquescent. Several of 
them decompose water, and form hydrochleric acid, and an oxide. The 
question respecting the action of water upon the chlorides has given rise. 
to several hypotheses founded on their mutual decomposition, some of 
which will be adverted to under specific heads. (See Dumas, in reference 

_to this question. Ann. de Ch, et Ph., xuiv. p, 263.) Many of them 
absorb ammonia, and some in considerable quantity. They are fusible, 
and most of them crystallizable. Some are extremely volatile at common 
temperatures, and others fixed in high heats. A few exist, at all ordi: 
nary temperatures, in the liquid state. They are generally decomposed by 
a red heat by hydrogen, which produces hydrochloric acid, and reduces 
the metal, Anhydrous sulphuric acid appears not to act upon them; 
but the common hydrated acid decomposes them, with few exceptions, 
eyolving hydrochloric acid: the theory of these changes is elsewhere 
explained. (See Chloride of Sodium.) Some of the metals rapidly decom- 
pose certain chlorides in consequence of their supericr attraction: thus 

- chloride of silyer is decomposed by zinc, &c. : 

The same metal often forms more than one compound with chlorine, 
and these compounds are designated as the oxides, Thus we have the 
protochloride and bichloride or perchloride of mercury, sesquichloride of 
antimony, &c. . 

Many of the metals decompose hydrochloric acid, in which case hydro- 
gen is evolved, and a metallic chloride produced; and when metallic oxides 
are heated in hydrochloric acid, they generally give rise to the formation 
of a chloride and water. (See page 399, &c.) 

_ There are a few metallic oxides which, at low temperatures, absorb 
and retain chlorine, but they hold it by very feeble attraction. The 
chlorides of potassa and of lime will be described under those bodies. 
Tt has also been combined with the oxides of iron, zine, and copper. 
(GrovveLLE, Ann. de Ch. et Ph., xvii.) These compounds are decom- 

_ posed by heat and by the acids. 


Action or Cutortc Actp.—The compounds of the metallic oxides 
with chlorie acid, or chlorates, are decomposed by heat with the copious 
evolution of oxygen, and a chloride generally remains: they deflagrate 
when triturated with charcoal or other combustibles. In the neutral 
chlorates the proportion of oxygen in the base to that in the acid is as 1 
to 5: some of these salts have been long known, others only recently 
‘investigated. The oxychlorates, or perchlorates, haye been scarcely 

2R2 
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hydrurets ox hydrogurets of arsenic and tellurium; and two gaseous 
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examined. Like the chlorates, they yield oxygen when heated: and the — 
proportion of oxygen in the base to that in the acid is ase]. | : 


Action or Ioping.—lIodine, aided by heat, acts upon many of the 
metals, and produces metallic iodides. Some of these are soluble in water 
without decomposition; others decompose water; others are insoluble. — 
The insoluble iodides may generally be formed by adding a solution of — 
iodine or of hydriodic acid, or of an iodide, to the soluble metallic salts. — 
Iodine often combines in more than one proportion with metals, forming 
protiodides, sesquiodides, biniodides, &c. The iodides are decomposed by 
chlorine and bromine, and some by oxygen; but in other instances iodine 
expels oxygen from its combinations with the metals. Iodides are also 
decomposed by nitric and by sulphuric acid; and in all these cases the 
free iodine is easily recognised by starch. According to Gay Lussac, when 
the vapour of iodine is passed over hot lime, baryta, and strontia, it does 
not expel their oxygen, but unites with them as oxides. These com- — 
pounds are not very permanent, and are decomposed at a temperature a — 
little exceeding that required to form them. | 


Action oF Iopic Actp.—The compounds of this acid with the metallic 
oxides have been but little examined: they are decomposed and converted — 
into iodides by heat, sometimes with the evolution of oxygen only; at — 
others, iodine is also given off. | 


Action or BrominE.—Bromine combines with the metals and pro- ~ 
duces bromides, analogous in their general habitudes to the chlorides and — 
iodides; they are formed either by the direct action of bromine on the ~ 
metal, or by that of hydrobromic acid upon the metallic oxide; or, when 
insoluble, they are precipitated by the addition of the soluble bromides to © 
metallic solutions. Bromine also unites to some of the metallic oxides, — 
and produces bleaching compounds. Chlorine disengages bromine from F 
its binary metallic compounds, and bromine expels iodine from the iodides; — 
so that the attraction of bromine for the metals is intermediate between — 
chlorine and iodine. (See a Memoir on the Bromates by M. Berrnemor, ~ 
Ann. de Ch. et Ph., xtiv. 382.) | 

The Bromates are little known. When heated to redness they ~ 
become bromides, by the loss of oxygen. : 


.. Action or. Fivorine.—<As fluorine has not been obtained in a separate — 
state, its immediate action upon the metals is not known; but it would 
‘probably be energetic. Such of the fluorides as are insoluble may be 
obtained by the medium of a solution of fluoride of potassium, or by — 
precipitation by hydrofluoric acid: the soluble fluorides are formed by 
digesting the oxides in the hydrofluoric acid. The fluorides are not decom- x 
posed by oxygen, chlorine, iodine, or bromine; but they are immediately 
recognised by the evolution of hydrofluoric acid, when moistened and — 
heated with sulphuric acid, and by their action upon glass under such 
circumstances. 9 


__Acrion or Hyprocey.—Hydrogen forms permanent compounds with — 
two of the metals only, namely, arsenic and tellurium. It appears to — 
combine with each in two proportions, forming two solid compounds, the ~ 
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compounds, arseniuretted and telluretted hydrogen. At high temperatures 
it dissolves potassium, forming potassiuretted hydrogen gas. Uydrogen 
also appears to combine with zine and antimony, at least it frequently 


_ retains a little of those metals in its gaseous state. 


‘ ‘ 


There are many of the metallic oxides and chlorides, which are 
decomposed by hydrogen: the oxides are reduced with the formation of 
water, and the chlorides with the production of hydrochloric acid. 


Action or Warsr.—Those metals which are speedily acted upon by 


common air and oxygen, are also generally capable of decomposing 


water; some of them rapidly, others slowly. There are some metals 
which are not acted upon by air deprived of moisture, nor by water 
deprived of air; but moist air, or water containing air, effects their oxidize- 
ment: this appears to be the case with iron, (Dr. Marsuatn Hatt, Quar- 
terly Journal, vii. 55,) and also with lead. Water combines with many 
of the metallic oxides, and produces hydrated oxides, or metallic hydrates. 


In these the relative proportion of water is definite. Some are easily 


decomposed by very moderate heat, as hydrate of copper; others retain 
water even when heated to redness, as hydrate of potassa; others are 
decomposed at a red heat, as hydrate of lime. 


Action or Nirric Actp.—The greater number of metals are capable 
of decomposing nitric acid by the abstraction of a part of its oxygen, and 
thus of resolving it into some of the other nitric compounds; nitric acid 
is a very generally acting solvent, therefore, of these bodies. It dissolves 
nearly all the metallic oxides, and produces a numerous class of nitrates, 
which, if prepared with heat and with excess of acid, generally contain 
the metal at its maximum of oxidizement. The nitrates are all decom- 
posed by a red-heat; they give off oxygen and nitrogen, either separate or 
combined, and the metallic oxide remains. They are also decomposed 
when heated with sulphur, phosphorus, or charcoal; and sulphurous, 
phosphoric, and carbonic acids are formed: the phosphoric, being a fixed 


acid, remains united to the metallic oxide; while the sulphurous and car- 


bonic acids are usually expelled. The nitrates are decomposed by sul- 
phurie acid, nitric acid is evolved, and sulphates are formed. In the 
neutral nitrates the proportion of oxygen in the acid is to that in the base 
as 5 tol. Thus in the nitrate of potassa, 48 parts of potassa, containing 
8 of oxygen, are combined with 54 of nitric acid, containing 40 (8 x5) 
of oxygen; and in the nitrate of oxide of copper, 40 parts of oxide of 
copper, containing 8 of oxygen, are combined with 54 of nitric acid, con- 
taining 40 of oxygen. 


Action or AmmontA.—At high temperatures some of the metals are 
capable of decomposing ammonia. Liquid ammonia dissolves several of the 
metallic oxides, and with some of them forms crystallizable compounds. 
It dissolves the oxides of silver, copper, zinc, arsenic, antimony, and tellu- 
rium; the protoxides of iron, cobalt, and nickel; and the peroxides of tin, 
mercury, gold, and platinum. These compounds are all decomposed by 
heat. The compounds of ammonia with the oxides of gold, silver, and 
platinum, detonate when heated, and the oxide and the ammonia are both 
decomposed. The combinations of ammonia with several anhydrous 
salts have heen examined by H. Rose (Ann. de Ch. et Ph., uxii. 308), 
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sulphur salts; in these cases he terms the electronegative sulphurets, 
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Action or Sutpuur.—All the metals appear capable of combining — 
with sulphur and forming su/phurets. These are obtained, Ist, By heat- — 
ing the metal in a close vessel, with sulphur; and it not unfrequently 
happens that, during the combination, the metal becomes intensely ignited, 
burning as it were in the vapour of the sulphur, and furnishing a striking — 
instance of combustion without the presence of oxygen; this is the case ~ 
with potassium and sodium, and with the filings or shavings of copper, — 
lead, and iron, 2ndly, By heating a mixture of sulphur and a metallic ~ 
oxide, in which case sulphurous acid escapes, and the metallic sulphuret — 
remains behind. 3rdly, By decomposing the sulphates, either by subject- ~ 
ing them to the action of a current of hydrogen gas in a heated tube, or 
by heating a mixture of the sulphate with charcoal. 4thly, By the action | 
of sulphuretted hydrogen. 5thly, By fusing the metallic oxide with a 
mixture of carbonate of potassa and sulphur, in which case an alkaline 
sulphuret is first formed, and sustains a red heat, but at that tempera- q 
ture a proportion of its sulphur is imparted to the reduced metal of the © 
oxide, The sulphurets are in general brittle; some have a metallic — 
lustre, and are opaque; others are without lustre, and more or less trans- — 
parent. Some are fusible, and some volatile. Some are soluble, but © 
the greater number insoluble in water. Where the same metal forms 
two sulphurets, the sulphur in those containing the largest proportion — 
is a simple multiple of the sulphur in those containing the smallest pro- — 
portion; hence we have metallic sulphurets, bisulphurets, and sesqui= 
sulphurets; and, generally speaking, the sulphurets correspond in num-~ 
ber and atomic composition with the oxides. When the metallic sul-— 
phurets are heated in close vessels, some undergo no change, as those 
of sodium and potassium; others sublime unaltered, as sulphuret of mer- 4 
cury and sulphuret of arsenic; others lose a portion of their sulphur, 
and, if air be admitted, sulphurous acid escapes, ard the metal passes | 
into the state of oxide, as sulphuret of lead and sulphuret of copper; 
and it is thus that these sulphurets are oxidized by the process called 
roasting, previous to their reduction, upon the large scale; others again: 
are entirely decomposed, the metal being completely reduced; this 
happens on heating sulphuret of platinum or of gold. Definite compounds — 
of sulphur with some of the metallic oxides, have been obtained by Arf- 4 
wedson (Ann. de Ch. et Ph., vi. 204). . 

’ There are certain double sulphurets, which Berzelius has designated 


sulphur acids; and the electropositive sulphurets, sulphur bases; among — 
the sulphur acids, he enumerates the sulphurets of arsenic, antimony, — 
gold, molybdenum, tellurium, tin, and tungsten; he also calls sulphuretted — : 
hydrogen, sulphocyanogen, sulphuret of selenium, and sulphuret of carbon, — 
sulphur acids. The principal sulphur bases are the proto-sulphurets of 
the metals of the alkalis and alkaline earths, and the hydro-sulphuret of — 
ammonia (sulphuret of ammonium). = i 


_ Glyposutpaurovs Aci combines with the metallic oxides, and pro- — 
duces a class of salts termed hyposulphites. Several of these have been 
examined by Herschel. (Edin. Phil. Journal, i.) In some of their cha- — 
racters they resemble the sulphites: they are easily soluble; of a bitter or 
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sweet taste ; and decomposed by a heat below redness, and by almost all | 


other acids. Their solutions readily dissolve chloride of silver. 


SutpHurous Acip combines with many of the metallic oxides, pro- 


ducing sulphites; in some instances oxygen is transferred from the oxide 


to the acid, and sulphates result. 
The sulphites are soluble in water, and have a sulphurous taste and 
smell, Exposed to moist air, they absorb oxygen, and pass into the state 


_ of sulphates. They are decomposed by sulphuric acid, which expels sul- 


phurous acid, and the salts are converted into sulphates. When perfectly 
pure they are not affected by solution of baryta. 


Hyposutpuuric Acip forms with the metallic oxides a class of hypo- 


: sulphates. They do not afford precipitates with solution of baryta. 
When heated they evolve sulphurous acid, and are converted into neutral 


sulphates: when their solutions are boiled with sulphuric acid, sulphurous 
acid is evolved, but no sulphur is precipitated. 

Sutpuuric Acrp, in its concentrated state, and unaided by heat, is 
acted upon by a few of the metals only; when diluted, some of them are 
oxidized at the expense of the water, hydrogen is evolved, and the 
metallic oxide combines with the acid, producing a sulphate. In these 
eases the hydrogen evolved is the indicator of the quantity of oxygen 


_ transferred to the metal; every volume of hydrogen is the equivalent of 


half a volume of oxygen, and accordingly the production of 100 cubic 
inches of hydrogen indicates the transfer of 50 of oxygen, or, by weight, of 
about 173 grains. As different metals unite to different weights of oxygen, 
they will obviously evolve different quantities of hydrogen. Thus, if one 
metal, to become soluble in sulphuric acid, require to. be united with 10, 
and another with 20 per cent. of oxygen, the latter will evolve twice the 
volume of hydrogen, compared with the former. As the evolutionof 
hydrogen, during the solution of a metal in dilute sulphuric acid, ‘s 
referable to its oxidizement, no hydrogen will be evolved by the action of 
the acid upon an oxide, but it will be merely dissolved. 

The sulphates are an important class of salts. The greater number of 
them are soluble in water, and the solutions yield a precipitate with the 
soluble salts of baryta which is insoluble in acids and alkalis. The insoluble 
sulphates may be recognised by igniting them in fine powder with thrice 
their weight of carbonate of soda, by which a soluble sulphate of soda is 
formed: it may be separated by water and filtration, crystallized, and tested 
by nitrate of baryta. The sulphates of potassa, soda, lithia, lime, baryta, and 
strontia, resist a white heat without decomposition: the other sulphates 
evolve, when intensely heated, sulphuric acid, sulphurous acid, and oxygen. 
Many of them are decomposed at high temperatures by the action of 
hydrogen, which carries off the oxygen of the acid, and of the base, and 
leaves a metallic sulphuret. In some cases the sulphur also combines 
with the hydrogen, and the sulphate thus affords a reduced metal. They 
are all decomposed at a red heat by charcoal, and most of them are thus 
converted into sulphurets; carbonic acid, and carbonic oxide, being at the 
same time evolved. In the neutral sulphates the proportion of oxygen in 
the acid is to that in the base as 3 to 1. Thus sulphate of soda is com- 


de posed of 32 soda, containing 8 of oxygen, combined with 40 of sulphuric 


acid, containing 24 (8 x3) of oxygen; and in sg Agee of copper, 40 
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parts of oxide of copper, containing 8 of oxygen, are combined with 40 of — 
sulphuric acid, containing 24 (8 x3) of oxygen. Many of the anhydrous 
sulphates absorb ammoniacal gas, forming definite compounds which are 
decomposed by heat. (H. Rosr, Ann. de Ch. et Ph., uxii. 309.) 


Acrton or SutpaureTrep Hyprocen.— When sulphuretted hydrogen 
combines with metallic sulphurets, it forms one class of the sulphur-salts. 
It seems doubtful whether any of the metals combine with sulphuretted 
hydrogen. Its combinations with their oxides have been termed hydro- 
sulphates ot hydrosulphuretted oxides, but it generally happens that in the 
mutual action of the sulphuretted hydrogen and the oxide, both ate — 
decomposed, the hydrogen combining with the oxygen of the oxide to 
form water, and the sulphur uniting to the metal to form a metallic sul- 
phuret. Ina few cases the metallic oxide is reduced. Occasionally a 
compound of a metallic sulphuret and a salt of the oxide is thrown down; 
thus when sulphuretted hydrogen is passed through a solution of per- 
nitrate of mercury, the latter being in excess, the precipitate is a definite 
compound of pernitrate and sulphuret of mercury. (H. Rosz, Ann. de Ch. 
et Ph., uxvi. 366.) .The following table shows the effect of sulphuretted 
hydrogen and of sulphuretted hydrosulphuret of ammonia upon solutions 
of several of the metals, as far as colour of the precipitate is concerned, 


these precipitates being often resorted to as qualitative tests. 


SULPHURETTED HYDROSULPHURET 
eae es HYDROGEN. OF AMMONIA. 
Mancanzsz . | Neutral protochloride | No precipitate Copious. ochre-yellow 
Iron . . .~ | Neutral protosulphate | Blackish and small in | Black and abundant 
quantity 
Ditto . . | Perchloride Abundant black Black 
ZINC . | Chloride A little opalescent and | Straw-colour and co-< 
then milky pious — 
TiN then. Acid protochloride Brown | Deep orange 
Ditto . . | Acid perchloride At first 0, then yellow | Apple-green 
and copious 
Capmium. . | Chloride Yellow Yellow 
Corrzrn . . | Protochloride Deep brown Brown 
Ditto . . | Nitrate Black Brown and black 
LEAD . Chloride and nitrate | Ditto Ditto 
ANTIMONY Tartrate of antimony | Deep orange-red Bright orange 
and potassa 
BisMUTH . Tartrate of bismuth | Deep brown Deep brown 
" and potassa 
Copatt . . | Chloride 0 but blackish Copious black 
Uranium. . | Sulphate Brown Blackish brown 
Trranium. . | Acid chloride 0 Black 
Ditto . .| Neutral sulphate 0. Green 
Cxrrium . .| Protosalts 0 White 
TELLURIUM . | Sulphate Black Black 
Arsenic . .| White oxide Yellow Yellow 
Ditto . .| Arsenic acid Ditto Ditto 
NickeL . . | Sulphate Brown Black ° a 
Mercury. . | Acid nitrate | Black, then gray, and | Black by excess of test 
black by excess of test Z . 
Ditto . | Acid”pernitrate Ditto Ditto | 
Ditto . | Corrosive sublimate | Brownbyexcessof test | Ditto 
Osmium *, . | Solution of oxide Metallic Metallic 
PaLiapium . | Chloride Brown Brown 
SILVER . ./| Nitrate Black and metallic Ditto a 
Gotp . . -| Chloride Blackand reduced gold | Yellow 
PLATINUM . Ditto — Deep brown . Pale brown 
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' “Action or SELENtuM.—Selenium acts upon the metals with nearly the 
same. phenomena as sulphur, and in their general characters the seleni- 


urets and sulphurets ate analogous: when heated in the open fire the 


selenium burns slowly off with an azure flame, and the odour of radish. 
The atomic composition of the seleniurets follows that of the sulphurets, 
and they are best obtained by precipitating the metallic solutions with 
seleniuretted hydrogen, and then, if biseleniurets are required, the precipi- 
tate may be fused with selenium, and the excess driven off by distillation. 
The selenttes and seleniates are decomposed by sulphurous acid, which 
throws down the selenium of a red colour in the cold, and nearly black at 
a boiling-heat. Distilled with hydrochlorate of ammonia, selenium passes 
over. In the selenites the oxygen in the acid is to that in the base as 2 
to 1, and in the seleniates as 3 to 1; these salts, therefore, are isomorphous 
with the sulphites and sulphates, 


Action or Pxosenorvs.Phosphorus combines with the greater 
number of the metals, forming a series of metallic phosphurets. There 
ate three methods of forming them; either by heating a mixture of phos- 
phorus and the metal, or projecting phosphorus upon the metal previously 
heated to redness; or by heating a mixture of the metal or its oxide, 
with phosphoric acid and charcoal; or by passing phosphuretted hydrogen 
over the heated metallic oxide. A very few only of the phosphurets can 
be obtained in the humid way, for when phosphuretted hydrogen is passed 
through metallic solutions the metal is either reduced, as in the case of 
the salts of gold and silver; or peculiar compounds ensue, composed of 
the metallic salt and the phosphuret, as when the salts of peroxide of 
mercury are decomposed. by phosphuretted hydrogen; or no change takes’ 
place, as with the greater number of metallic salts. The only case of the 
production of a pure phosphuret by this process appears to be that of 
phosphuret of copper, which is thrown down whenever phosphuretted 
hydrogen is passed through solutions of the salts of that metal. (H. Ros, 
Poccrnp. Ann., xxiv. 320; and Ann. de Ch. et Ph., uxvi. 306.) The 
phosphurets have a metallic lustre; if, they contain a difficultly-fusible 
metal, they are more fusible than the metal they contain; if an easily- 
fusible metal, less so. They are mostly crystallizable, and totally or 
partly decomposable at a high temperature. The greater number of the 
phosphurets have only been examined by Pelletier (Ann. de Ch., tom. i. 
and xii., and Mémoires et Observations de Chimie). The existence of 
compounds of metallic oxides with phosphorus appears doubtful. 

When phosphorus is introduced into the solutions of those metals 
which have but a feeble attraction for oxygen, it reduces them to the 
metallic state. Thus gold, silver, and platinum are thrown down by 
immersing a stick of phosphorus into their respective solutions. 

The Hypophosphites and the Phosphites have been imperfectly ex- 
amined. ‘When heated they evolve phosphorus or phosphuretted hydro- 
gen, and are converted into phosphates: their solutions smell of phospho- 
rus, and reduce the salts of gold, silver, and mercury. 


Action or Puospnortc Acrp.—The metallic phosphates may be 
formed either by dissolving the oxides in phosphoric acid, or by adding a 
solution of phosphoric acid, or of an alkaline phosphate, to solutions of 
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those metals which form insoluble or difficultly-soluble phosphates. The ™ 


greater number of the phosphates are decomposed and converted into 
phosphurets, by ignition with charcoal: and those containing volatile = 


oxides are yolatilized at high temperatures. The phosphates of ammonia, 
- potassa, and soda, are soluble; but the greater number of these salts are 
difficultly soluble, and some insoluble in water: they are dissolved by 
phosphoric, nitric, and hydrochloric acids, and precipitated, generally 
without change, by ammonia. Those which are insoluble are mostly 
decomposed by boiling with carbonate of potassa. Several of the phos- 
phates occur in the native state, constituting some beautiful but generally 
rare minerals. 

In the neutral phosphates the quantity of oxygen in the acid is to 
that in the base as 25 to 1. Thus, phosphate of soda consists of 32 soda 
containing 8 oxygen, and 36 phosphoric acid containing 20 (8 x 2°5) of 
oxygen. But the phosphoric acid unites to bases in several other pro- 
portions, giving rise to a variety of subsalts and supersalts, of which the 
most important will be noticed in the sequel. 


Action or Carson.—Carbon unites to very few of the metals; and 
of the metallic carburets, one only is of importance, namely, carburet of 
iron, which constitutes the varieties of cast-iron, and steel. 

When some of the metallic cyanurets, and certain of the salts of 
metallic oxides and organic acids are decomposed by heat, the residuary 
products appear to be, in some cases, true carburets; these, however, 
have been but imperfectly examined. 


Carponic Actp unites with the greater number of the metallic oxides, 
and forms carbonates, of which the distinctive characters have already 
been noticed; most of them are of difficult solubility, and may he 
formed by adding an alkaline carbonate to the metallic solution, Of the 
carbonates some are entirely, and others only partially, decomposed at a 
red heat. Carbonate of magnesia, for instance, loses the whole of its car- 
bonic acid at a red heat; carbonate of potassa retains it; and bicarbonate 
of potassa loses one-half, and passes into the state of carbonate. The 
carbonates are decomposed by nearly all the other acids, and are then 
distinguished by the effervescence that ensues on the escape of carbonic 
acid gas. : 

In the neutral carbonates the proportion of oxygen in the base is to — 
that in the acid as 1 to 2, Carbonate of potassa, for instance, consists of 
48 of potassa containing 8 of oxygen, and 22 of carbonic acid, contain- 
ing 16 (8 x 2) of oxygen. 

The carbonates are not uncommon natural products. 


Cyanocen combines with many of the metals, and forms compounds, ~ a 
which we call cyanurets, or cyanides. The compounds of the cyanic — 
acid, or the cyanates, are s0 decomposed, either by the action of water, 


or the acids, that the cyanic acid is resolved into carbonic acid and am-— r. 


monia,,with no trace of hydrocyanic acid. The fulminates explode when 
heated, and evolve hydrocyanic acid by the action of the oxyacids. The 
Hydrocyanates have been but imperfectly examined; they appear pecu- 
liarly susceptible of decomposition. my y 
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_ Sulphocyanurets and Sulphocyanates produce a characteristic red 
colour when added to a solution of persulphate of iron. E: 


Tur Action or Boron upon the metals has not been fully investi- 


gated. 


Tut Boratess of the alkalis are soluble: with other bases the boracic 
acid mostly forms difficultly-soluble or insoluble compounds, which are 
easily formed by adding solution of boracic acid, or a soluble borate to the 
metallic solution. ‘The borates are generally decomposed in the humid 
way, by sulphuric, nitric, and hydrochloric acids; but, at a red heat, the 
boracie acid expels the more volatile acids from their basic compounds. 
The presence of this acid may in many instances be detected by digesting 
its compounds in sulphuric acid, evaporating to dryness, and boiling the 
residue in alcohol, which will then be found to burn with a characteristic 
green flame. (See Boracic Acid.) 


Action or THe Merats upon EAcH orneR.—The metals may, for 
the most part, be combined with each other; forming a very important 
class of compounds, the metallic alloys. In the act of combination they 
generally evolve heat; thus, when platinum and tin-foil are fused 
together, there is vivid ignition; so, also, when melted zinc and copper 
are suddenly mixed in the proportions to form brass, the increase of 
heat is such as to vaporize part of the metal. Various processes are 
adopted in the formation of alloys, depending upon the nature of the 


metals. Many are prepared by simply fusing the two metals in a 


covered crucible ; but.if there be a considerable difference in the specific 
gravity of the metals, the heavier will often subside, and the lower part 
of the bar or ingot will differ in composition from the upper; this may 
be to a great extent prevented by agitating the alloy till it solidifies. 
Mr, Hatchett found that when an alloy of gold and copper was cast: into 
bars, the moulds being placed perpendicularly, the upper part of the 
bar contained more copper than the lower (Phil. Trans., 1803); and 
although copper and silver appear readily to combine, it is extremely 
difficult to form a bar of their alloy, of perfectly uniform composition 
throughout. 

Where one of the metals is very volatile, it should generally be added 
to the other after its fusion; and if both metals be volatile, they may be 
sometimes united by distilling them together. 

It has been a question whether alloys are to be considered as com- 
pounds, or as mere mixtures; but, in many cases, their properties leave 
little doubt of their being real compounds, and in some cases they are 
found to unite in definite proportions only; and it is not improbable that 
all the alloys contain definite compounds of the metals. It is observed 
by Berzelius, that the acidifiable metals have the greatest tendency to 
combine with those which produce salifiable bases, and that arsenie, 
antimony, and tellurium, form definite compounds analogous to sulphu- 
rets and phosphurets, which are not uncommon as ores. Among the 
artificial, as well as the natural alloys, there are many which are crystal- 
lizable, and the true compound may sometimes be separated. from the 
mere mixture of the metal by its tendency to crystallize. | 
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The principal characters of the alloys are the following:—i. We 
observe a change in the ductility, malleability, hardness, and colour. 
Malleability and ductility are usually impaired, and often in a remarkable 
degree: thus gold and lead, and gold and tin, form a brittle alloy. The _ 
alloy of copper and gold is harder than either of its component parts; 
and a minute quantity of arsenic added to copper renders it white— — 
ii. The specific gravity of an alloy is rarely the mean of its component 
parts, in some cases an increase, in others a diminution of density having 
taken place, as shown in the following table from Thenard (T'raité de 
Chimie, vol. i., p. 394):— 


Alloys possessed of greater specific gravity 
than the mean of their components. 


Gold and Zine 


Alloys having a specific gravity inferior to 
the mean of their components. 


Gold and Silver 


” Tin 5 Iron 

a Pismus ‘ Tol 

» Antimony , 

33 Cobalt ae Copper 
Silver and Zinc 55 Tridium 

” Lead * Nickel 

»” Tin Silver and Copper 

y ore Copper and Lead 

¥ Antimony PP : 
Copper and Zinc Tron and Bismuth 

; Tin » Antimony 

cs Palladium Ba 3 Lead 

9 tae Tin and Lead 

4 ntimony eae 
Lead and Bismuth ¢ enane 

» Antimony 9 satarpcs ¢ 


Nickel and Arsenic 
Zine and Antimony. 


Platinum and Molybdenum 
Palladium and Bismuth. 


iii. The fusibility of an alloy is generally greater than that of its com- 
ponents. Thus platinum, which is infusible in our common furnaces, 
forms, when combined with arsenic, a very fusible alloy; and an alloy of 
certain proportions of lead, tin, and bismuth, is fusible at 212°, a tempe- 
rature many degrees below the melting-point of its most fusible consti- 
tuent. . Ama 

iy. Alloys are generally more oxidizable than their constituents, taken 
singly; a property which is, perhaps, partly referable to the formation of 
an electrical combination. Where an alloy consists of two metals, the 
one easily and the other difficultly oxidizable, it may be decomposed by 
exposing it to the action of heat and air, the former metal being con- 
verted into an oxide: its last proportions, however, are often not easily 
separated, being protected by combination with the least oxidizable 
metal. An alloy of three parts of lead and one of tin is infinitely more 
oxidizable than either of its components, and easily burns at a dull-red 
heat. | 

y. The action of acids on alloys may generally be anticipated by a 
knowledge of their effects upon the constituent metals; but if a soluble 
metal be alloyed with an insoluble one, the former is often protected by 


the latter from the action of an acid. Thus, silver alloyed with a large 


quantity of gold, resists the action of nitric acid in consequence of the 
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insolubility of the latter metal in that acid; and, in order to render it 
soluble, it is requisite that it should be made to form about a fourth part 
of the alloy, in which case the nitric acid extracts it, and leaves the gold 
in an insoluble film or powder. | 

In other cases a metal insoluble, or nearly so, in certain acids, per se, 
is taken up in considerable quantity when alloyed; thus, platinum is 
insoluble in nitric acid, but its alloy with silver is to a certain extent 
soluble; and when a triple alloy of gold and silver with a little platinum 
is rolled out and digested in nitric acid, both the silver and the platinum 
are taken up. Rhodium is insoluble in acids, but, when alloyed with 
copper or lead, the nitrohydrochloric acid dissolves it. 

Various classifications of the metals have been adopted by chemical 
authors *, some dependent upon their physical, others upon their chemical 
properties. The former can scarcely be considered as adapted to chemical 
inquiry, and the latter involve numerous difficulties in consequence of 
the gradual transition of metals of one class into those of another. I 
shall consider the metals in the order in which they are set down in the 
following table, and which is nearly that of their respective attractions 
for oxygen, with the exception of the last division, which includes 
substances in part imperfectly examined, and from which, as already 
remarked, silicium ought probably to be excluded. 


E II. III. rv. Ve VE 
1 Potassium § 8 Manganese 15 Copper 24 Arsenic 30 Mercury 88 Glucium 
2 Sodium 9 Tron 16 Lead 25 Molybdenum 31 Silver 839 Zirconium 
3 Lithium 10 Zine 17 Antimony 26 Chromium 32 Gold 40 Yttrium 
4A Calcium 11 Tin 18 Bismuth 27 Vanadium 33 Platinum 41 Thorium 
5 Barium 12 Cadmium ,.19 Uranium 28 Tungsten 34 Palladium 42 Alumium - 
6 Strontium 13 Cobalt 20 Titanium 29 Columbium 35 Rhodium 43 Silicium. 
7 Magnesium 14 Nickel 21 Cerium’* 36 Osmium 
22 Lantanum 37 Iridium 
23 Tellurium 


* Berzelius divides the metals into two | Tellurium, Tantalium (Columbium), Ti- 


leading classes: 1. Bases of the alkalis 
and earths; 2. Bases of the oxides and 
acids. The former are distinguished by 
their low specific gravity, being either 
lighter, or but little heavier than water, 
and they are so easily oxidized as to de- 
compose water at common temperatures: 
in this list he includes Kalium (Potas- 
sium), Natrium (Sodium), Lithium, Am- 
monium (the hypothetical base of am- 
monia), Barium, Strontium, Calcium, 
Magnium (Magnesium), Alumium,’ Be- 
ryllium (Glucinum), Yttrium, and Zir- 
conium. The second class he subdivides 
into, 1. Electronegative metals; that is, 
such as in combination with oxygen haye 
a greater tendency to form acids, than 
oxides or salifiable bases ; these are Sele- 
nium? Arsenic, Chromium, Molybdenum, 
Wolframium (Tungsten), © Antimony, 
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tanium, Osmium, and Gold. 2. Electro- 
positive metals, or such as in combination 
with oxygen especially produce salifiable 
bases: these are Platinum, Iridium, 
Rhodium, Palladium, Silver, Mercury, 
Uranium, Copper, Bismuth, Tin, Lead, 
Cadmium, Zine, Nickel, Cobalt, Iron, 
Manganese, Cerium. The metals of the 
two last divisions are all more than four 
times heavier than water, very few of 
them are oxidized at common tempera- 
tures either by air or water, and their 
oxides are reduced by charcoal at high 
temperatures, and by potassium, at a 
moderate heat. See also Thenard 
(Traité de Chimie), and an essay on the 
action of the vapour of water, at high 
temperatures, on the metals and their 
sulphurets, by M. V. Regnault (Ann. 
de Ch, et Ph., Lxii. 337). 
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- causes a portion of potassa to liquify and fall. into the lower part of the 
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_ Porassrum (or Kalium of the German chemists) was discovered in — 
1807 by Sir Humphry Davy (Pil. Trans., 1808). He obtained it by — 
submitting hydrate of potassa, or caustic potash, to the decomposing s 
action of Voltaic electricity: the metal was slowly evolved at the negative — 
pole. By this process, however, it could only be procured in very minute — 
quantities; and various other methods have been devised. The follow- — 
ing is that described by Gay Lussac and Thenard (Recherches Physico- 4 


_ A sound and perfectly clean gun-barrel is bent, as shown in the a 
annexed sketch (fig. 270). It is then covered with an infusible lute 
between the letters o and £, and the interior of the luted part is filled 
with clean iron- 
turnings, Pieces — 
of fused potassa are 
then loosely placed 
in the barrel be- — 
tween Eandc. A — 


c 


pidnh@y A is a copper tube 


paccanwesesseorsnny 


and small receiver, 
which are adapted 
to the extremity 0, 
and to each other, 
by grinding. This — 
apparatus is next — 


XS 
— transferred to the 
AW furnace, arranged — 
AGG as shown in fig. — 
ANS 27], x and T repre- 
. een senting two glass 
tubes dipping into mercury. The furnace is supplied with air by a good 
double bellows entering at B, and a small wire basket, G, is suspended | 
below the space & ¢. | an 
‘The part of the barrel in the furnace is now cautiously raised to a 
white heat, and the escape of air by the tube x shows that all is tight. a 
Some burning charcoal is then put at the end n, of the cage a, which 


barrel upon the iron. Hydrogen gas instantly escapes by the tube x, and 
attention must now be had to keep the copper tubes A A cool, by laying q 
wet cloths upon them. When the evolution of gas ceases, fresh charcoal 
is placed under the potassa, and so on till the whole has passed down; if 
too much potassa be suffered to fall at once, the extrication of gas at x a 
will be very violent, which should be avoided. If the space between a 4 
and 0 should become stopped by potassium, gas will issue by the tube T — 
(whick must always be under a greater pressure of mercury than the 
tube x), and the potassium must be cautiously fused by applying hot — a 
charcoal to the copper tube, when the gas will again appear at x and Z 
cease at'r. When the operation is concluded, the tubes x and T are a 
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* ‘removed, and corks quickly applied to the holes; and when the apparatus 


is cool, the barrel is carefully removed from the furnace, and a little 
naphtha suffered to run through it. The potassium is found in globules 
in the tube and receiver a A, and considerable portions often lodge at o: 
The success of this operation is certain, if the heat has been sufficient: 


_ but the barrel, if not very carefully covered with lute, is apt to melt, and 


much, if not the whole, of the product is lost. 

Besides the above, there are other methods of obtaining potassium. 
M. Brunner (Quarterly Journal, xv. 379) employs a spheroidal wrought- 
iron bottle, of a capacity between a pint and a quart, and 
a piece of gun-barrel of the annexed shape is fitted to its 
neck by grinding at the end a. When this bottle is 
charged and well luted it is placed in a proper furnace, 
nearly perpendicularly, and so that the greater part of the 27 
tube may be exposed to heat (it being protected by coils 
of iron-wire rolled round it), while the end B projects, 
and has attached to it a copper receiver with a small safety-tube. This 
receiver, when in use, is-about half filled with naphtha, and kept cold 
by ice or cold water. The bottle is charged with four ounces of fused 


A 


&B 


caustic potassa, introduced, in small portions, alternately, with 6 ounces 


of clean iron-turnings broken in a mortar, and 1 ounce of powdered char- 
coal; and this mixture is covered by 2 ounces more of iron-turnings: it 
is then placed in a furnace, and a glass tube inserted into the protruding 
barrel at B. As soon as the whole acquires a bright red-heat, inflam- 

mable gas is evolved, which burns with a violet flame, and shortly 
after the green vapour of potassium is seen in the glass tube, which is 
then removed, and the copper receiver substituted, so that the end B 
may dip into the naphtha. When the evolution of gas ceases, the fire 
is extinguished, and the receiver carefully removed. A very successful 
result furnished 150 grains of potassium, in small globular masses. In 
another experiment the mixture in the retort consisted of 8 ounces of 
pure and fused carbonate of potassa, 6 of iron-turnings, finely bruised, 
and 2 of charcoal: from these, 140 grains of potassium were obtained. 
Calcined tartar was also sometimes employed instead of other forms of 
potassa. 

The theory of these operations is by no means clearly understood in 
its minute details. When pure hydrate of potassa is employed in the 
gun-barrel experiment, more than a fourth of its weight of potassium is 
never obtained; the remainder is chiefly found partly undecomposed and 
partly in combination with the produced oxide of iron, forming a hard 
brittle compound, difficultly acted on by water. The evolution of potas- 
sium is evidently dependent upon the attraction of the iron at a high heat 
for oxygen; the water of the potassa is at the same time decomposed, 
and possibly the nascent hydrogen may perform its part in the reduction: 
the readiness with which potassium assumes the elastic state at high 
temperatures also contributes to its evolution; yet, when the exceedingly 
powerful attraction of potassium for oxygen is considered, the process is, 
as to its theory, obscure. 

Obtained by the aid of charcoal, potassium generally contains a little | 
carbon, which may be separated by redistilling it in a small iron or even 
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Wohler has described a modification of the potassium apparatus, and : 


~ glass retort, with its beak dipped into naphtha, but this is a troublesome 
process, and generally attended by some loss of the metal. 


a peculiar receiver for its condensation, contrived by Berzelius, of which 


a description will be found in the twenty-second volume of the Quarterly . 


Journal, p. 206. He employs carbonate of potassa produced by calcining 


tartar, and uses charcoal as the reducing agent. 


ments it is a point of importance to have the tubes, through which the 
metal passes into the naphtha, as short as possible, and of a sufficient 
‘diameter, otherwise they are apt to become plugged up*. ‘The process 


for obtaining potassium usually followed in Germany is described by 
Mitscherlich, (Elements of Chemistry,) and also by Graham: a mixture: 
of calcined tartar and coarsely powdered charcoal is employed, which is — 


heated in an iron bottle. 


Potassium is a blueish-white metal of great lustre. 


It instantly tar- 


nishes by exposure to air, and is gradually converted into an oxide. At 


60° it is malleable, and of the consistency of wax. 
It is most conveniently preserved in naphtha, either by 


about 0°865, 


Its specific gravity 1s 


immersing it in that liquid, or by dipping the pieces of metal into it, and 
keeping them thus varnished, in a small well-stopped phial. When used, 


the exterior must be wiped with blotting-paper, or scraped; or the — 
naphtha may be driven off by a gentle heat. At 150° it enters into per- - 


fect fusion; and at a bright red heat, in close vessels, it boils, and rises in 


green yapour. 
texture. 


At 32° it is a hard and brittle solid, of a crystallized — 
If heated in air, it burns with a brilliant purple flame. It is 
an excellent conductor of electricity and of heat, and its lustre is well 


shown by fusing it under naphtha upon a piece of crown-glass, to which 
it will adhere, and through which it is seen ag brilliant as mercury. 


PorasslumM AND OXYGEN. 
(0 +0) or P. 


Proroxipe or Porasstum. 
(Potassium is represented by the German chemists by 


PoTAssa. 


the symbol K, from /alium, the name by which they have chosen to 
designate the metal, instead of adopting the term potassium applied to 


it by its discoverer. 


* During the distillation of potassium 
from a mixture of carbonate of potassa 
and -charcoal, a gray compound distils 
over, which, by the action of water, yields 
a yellow solution, from which crystals 
may be obtained by evaporation: these 
consist of potassa in combination with a 
peculiar acid, which from the yellow 
colour of its salts has been called croconic 
acid. ‘To obtain this acid the purified 
crystals of croconate of potassa are 
powdered and put into absolute alcohol, 
to which sulphuric acid (sp. gr. 1°78) is 
carefully added, so as barely to saturate 
the alkali. The yellow alcoholic solu- 
tion is then poured off the precipitated 
sulphate of potassa, and the croconic 
acid obtained by evaporation. Itis solu- 
ble in water, and yields prismatic crystals 


Potassa they represent by KO or K.) 


of a yellow colour, astringent taste, and — 


which redden litmus: it is not decom- 


posed at a heat of 212°, but at high tem-) 


peratures it deposits pure charcoal. Gme- 


lin considers this acid as a compound of. — 


5 atoms of carbon and 4 of oxygen, with 
apparently a small proportion of hydro- 
gen, which, however, is less than 1 atom. 

Anhydrous croconate of potassa is yel- 
low and opaque; its crystals are orange- 
coloured prisms, transparent, inodorous, 
tasting like saltpetre; moderately soluble 
in cold, and very soluble in hot water, 
and insoluble in absolute,alcohol: heated 
nearly to redness the salt suddenly glows 


throughout, rapidly evolving carbonic 


acid with a little carbonic oxide, and 
leaving a residue of carbonate of potassa 
and charcoal. . 


In all these arrange- 4 
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_~ The attraction of potassium for oxygen, under most circumstances, 
. exceeds that of all other bodies; it is consequently one of the most powerful 
deoxidizing agents which we possess. It forms two definite compounds 
with oxygen, which we may call the protoxide and peroxide; Berzelius 
admits a swboxide, but it is probably a mixture of potassium with the 
protoxide. When potassium is thrown upon water it takes fire, hydrogen 
gas is evolved, and a solution of protoxide of potassium, or potassa, is formed. 
When plunged under water, the potassium decomposes it with explosive 
violence, but without ignition, and the volume of the hydrogen evolved 
may be assumed as the equivalent or indicator of the proportion of 
oxygen transferred to the metal; 100 parts of potassium are thus found 
to absorb 20 of oxygen; and if this be considered a protoxide, then 
20: 100::8:40,—so that 40 will be the number representing potassium 
(39°3 Grauam, 39°15 Turner), and the protowide or polassa, in its dry or 


- anhydrous state, consists of Gay Lnssie 
Berzelius. Davy. and Thenard. 
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or — —_—_ 


+ Potassa 1 48 100:00 100°00 100 100:000 


The equivalent of potassium, deduced from the analysis of the chloride 
of potassium by Berzelius, is 39°15; he also states that 100 of potassium 
combine with 20-412 of oxygen; so that upon these data, the equivalent 
of potassium would be between 39 and 40, Mr. F. Penny, in his paper “on 
the application of the conversion of chlorates and nitrates into chlorides, 
and of chlorides into nitrates, to the determination of several equivalent 
numbers,” arrives at the conclusion that 39-08 is the equivalent of potas- 
sium. (Phil. Trans., 1839, p. 13.) ~ ! 

Potassa, in the state it is usually met with in laboratories under the 
name of caustic potash, contains a considerable portion of water, as is 
rendered manifest by the action of iren upon it at high temperatures, 
which occasions the evolution of hydrogen; and there always remains in 
the gun-barrel, after the above-described experiment, a portion of dry 
potassa combined with oxide of iron. To obtain dry potassa, or anhy- 
drous protoxide of potassium in its pure state, the metal may be exposed, 
at common temperatures, to the action of perfectly dry air or oxygen; or 
1 part of potassium may be fused with 1:4 of hydrate of potassa. It is 
a gray substance, fusible at a red heat,"and volatile when heated to white- 
ness in the air. It combines very energetically with water to produce 
a hydrate, and what is commonly called pure potassa, is, in fact, this 
hydrate, composed of 


Berzelius. 
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Hydrate of potassa 1 57 100°0 100 


Hypratep Proroxipe or Porassium, or Caustic Porassa, (P+ q,) 

_is procured in our laboratcries by decomposing carbonate of potassa 

by lime. The best process consists in boiling in a clean iron vessel pure 

carbonate of potassa, with half its weight of pure quick-lime, in six or 

eight parts of water. ‘The lime, which may be previously slaked, is 
28 
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gradually added to the boiling alkaline solution, which is kept constantly 
stirred, and towards the end of the operation it is tested, by filtering a 
small portion, and pouring it into three or four times its bulk of dilute 
nitric acid: if there be no effervescence, sufficient lime has been used; but 

if carbonic acid escapes, the ebullition with lime must be continued until 
the tested portion shows no signs of carbonic acid. The whole is then 
allowed to remain quiet, that the carbonate of lime and excess of the 
hydrate of lime may subside; the clear liquor or /ey may then be siphoned 

off, concentrated by evaporation, strained through a clean calico filter, and 

set by in a well-stopped bottle till it admits of being decanted, perfectly 
clear from any sediment. The clear solution is to be evaporated ina 
polished iron or pure silver basin, till it assumes the appearance of an — 
oily liquid and concretes on cooling. It is often cast into sticks for the ae 
use of surgeons, who employ it as a caustic, and in this state it generally 
contains some peroxide and other impurities, and evolves oxygen and 
deposits a sediment when dissolved in water. It is the potassa fusa of 
the London Pharmacopewia. Waving obtained the fused caustic potassa 
by lime, it may be further purified by boiling it in a silver basin with 
highly-rectified alcohol for a few minutes, and then setting it by in a 
stopped phial; when the impurities are deposited, the alcoholic solution 
may be poured off and rapidly evaporated to dryness in a silver vessel ; 
or if the quantity of alcohol be considerable, it may be distilled off in a 
silver alembic with a glass head: the heat may then be raised so as to 
fuse the potassa, which on cooling should be broken up and preserved in 
well-closed phials. . 

Thus purified, hydrate of potassa is white, somewhat crystalline in 
texture, very acrid and corrosive, fusible at a heat below redness, and 
evaporates from an open vessel, at a bright-red heat, in the form of acrid 
fumes. Ata white heat it is decomposed by charcoal, and carburetted 
hydrogen, carbonic oxide, and potassium, are formed. It quickly absorbs 
moisture and carbonic acid from the air, and is soluble in half its weight 
of cold water. When reduced to powder and slightly moistened it forms 
a crystallized combination which is said to be a terhydrate (P+3q). By 
keeping a strong aqueous solution of potassa at a low temperature in a 
stopped phial, octoédral and tabular crystals may be obtained which are 
stated to be a definite pentahydrate (P+5q). It is highly alkaline, 
powerfully reddening turmeric, and converting several vegetable blues to. 
green: and by a strong solution of it these colours are almost destroyed. — 
It also acts energetically upon the greater number of organic products, and — 
unites with the fat oils to form soap, hence the term soap-lye. Being 
generally and indeed almost exclusively procured from vegetables, it was 
formerly called vegetable alkali; but it also exists in certain minerals, and 
in a few animal secretions. Fuchs says that it may be economically 
obtained from certain yarieties of felspar: for this purpose they are cal- 
cined with lime, then left for some time in contact with water, and the — 
liquor filtered and evaporated. He says he has thus procured 19 per cent. 
from felspar and 15 from mica. When touched with moist fingers caustie 
potassa has a soapy feel, in consequence of its action upon the cuticle, and 
it then exhales a peculiar odour; this is also perceptible in the solution 
of potassa, and is probably referable to traces of organic matter acci- 
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dentally present. In the fused state it produces heat when dissolved in 
water; but in its crystallized state it excites considerable cold, especially 
when mixed with snow. Ata natural temperature of 30°, Lowitz found 
that equal weights of crystallized potassa and snow depressed the thermo- 
meter 45°. (Ann. de Chim., xxii.) It dissolves sulphur and several 


‘sulphurets, and alumina and silica. The oxides of manganese, zinc, tin, 


Jead, antimony, cobalt, arsenic, molybdenum, tungsten, and nickel, are also 


soluble in aqueous solution of potassa, 


The Liquor Potasse of the Pharmacopeeia is directed to be prepared 


as follows:—‘‘ Take of carbonate of potassa 15 ounces, lime 8 ounces, 
boiling distilled water a gallon. Dissolve the carbonate in half a gallon 
of the water; sprinkle a little of the water upon the lime in an earthen 
The liquors 


vessel, and the lime being slaked add the rest of the water. 


being immediately mixed together in a close vessel, shake them frequently 


until they are cold; then set the mixture by that the carbonate of lime 


may subside. Lastly, having poured off the supernatant liquor, keep it in 
a well-stoppered green glass bottle.” Its specific gravity is 1-063. 


Whilst a solution of caustic potassa is filtering, it is apt 
to absorb a little carbonic acid from the air, which may be 
prevented, upon the small scale, by covering the funnel 
with a plate of glass, and receiving it into a bottle as 
nearly air-tight as possible; or the annexed filtering 
apparatus, fig. 273, contrived by Mr. Donovan (Annals 
of Philosophy, xxvi. 115), may be used. It consists of 
two glass vessels connected by a tube, made air-tight by 
perforated corks at the junctions @ and 6. The upper 
vessel containing the solution to be filtered, terminates in 
a conical pipe, ground into the lower one, and into which 
is stuffed a piece of coarse linen. 

In all cases where solutions of potassa are employed, it 
must be recollected that they gradually act upon glass, 
especially upon common white glass; hence green glass 
vessels are preferable: but where alkaline solutions are to 
be exposed to heat, or evaporated to dryness, even these 
communicate some impurity, and in such cases vessels of 
pure silver can only be relied upon, for they exert more or 
Jess action upon almost all the other metals, platinum not 
excepted. 


The solution of caustic potassa is also frequently impure from the pre- 
sence of carbonic acid, silica, alumina, lime, and sulphuric or hydrochloric 
acid. If nitric acid cause an effervescence when dropped into it, it indi- 
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eates carbonic acid; if a gelatinous precipitate, not soluble in very slight 


excess of acid, it is silica; if soluble, it is alumina. The presence of lime 


is shown by adding oxalate of ammonia to the solution previously 
neutralized by nitric acid: in the same solution, nitrate of silyer will 
indicate hydrochloric acid, or chlorine, and nitrate of baryta, sulphuric 


acid, or sulphates. 


It may sometimes be useful to know the quantity of real potassa 
contained in watery solutions of different specific gravities; the following 
are the results of Dalton’s experiments, in reference to this question:— 
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Specific Potassa Boiling Specific Potassa Boiling 

Gravity. per Cent. Point. Gravity. per Cent. Point. 
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Peroxide oF Porassium. (Pp +3 0.)—When potassium is burned in 


a silver spoon in oxygen gas, a yellow fusible substance is obtained, 
which, on cooling, acquires a scaly crystalline appearance. It consists, 
according to Gay Lussac and Thenard, of 


Gay Lussac 

and Thenard. 
Potassiam= 29 SO 1 ee aOR ee 6s a, ee 
Oxygenas a yet os hho hay” Fea ote ae 
Peroxide of potassium 1 64 100°0 100 


This substance has some singular properties; it supports the combus- 
tion of most of the inflammables, and when heated in hydrogen, diminishes 
the bulk of the gas, and forms water: it decomposes ammonia under the 
same circumstances. When put into water, oxygen gas is evolved, and 
a solution of potassa obtained. When hydrate of potassa is fused in an 
open crucible, a portion of its water is disengaged, and oxygen absorbed, 
so as to form this peroxide; and hence it is, that common caustic 
potassa almost always effervesces, and gives out oxygen upon the affu- 
sion of water. When potassium is dropped into melted nitre, the per- 
oxide is also formed; likewise by passing oxygen over potassa heated to 
redness. : 


Porasstum AND Cutorine. CutoripE oF Porassium. ()0+C) or 
KCl.—Potassium burns brilliantly in chlorine, especially if introduced 
into the gas in the state of fusion, as, otherwise, a crust of chloride is apt 
to form and protect the interior from further action. This compound, 
formerly called muriate of potash, consists of 


Ure. 
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When potassium is heated in gaseous hydrochloric acid, chloride of 
potassium is formed, and hydrogen evolved; an experiment already 
adverted to under the article Hydrochloric Acid (p. 396). It isalso formed 
by dissolving potassa or its carbonate in hydrochloric acid, and evapo- 
rating to dryness. rs . 

Chloride of potassium dissolves in three parts of water at 60°, or, 
according to Gay Lussac, 100 parts of water at 32° dissolve 29°23, and 


for every 1:8° above 32, the water takes up 0°2738 more of the salt. # 


One part of the powdered salt stirred into four parts of cold water 
produces a depression of temperature of between 20° and 25°, whereas 
chloride of sodium under the same circumstances only depresses the ther- 
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mometer between 2° or 3°, hence it has been proposed to estimate the 


relative proportions of these chlorides when mixed, by the depression of 


temperature resulting from their solution. Chloride of potassium crystal- 
lizes in cubes, which are anhydrous; its taste is saline and bitter. In old 
pharmacy it was called digestive salt of Sylvius ; also, regenerated sea-salt. 
It is insoluble in alcohol. When intensely heated in open vessels, it 
evaporates in the form of white fumes. This salt is a residue of several 
chemical and pharmaceutical processes, and is sometimes found.in con- 
siderable quantities in rough salt-petre, where it is often mistaken for 
common salt; it is also contained in kelp: the manufacturers of alum 
occasionally employ it as the source of potassa in that salt. ; 


CuioratTEe or Porassa (P+0)+(€ +50) or (P+c’) or K ou: is 
formed by passing chlorine through a solution of potassa. Chloride of 
potassium is one of the results, the other is chlorate of potassa, a salt in 
brilliant rhomboidal tables (formerly called oxymuriate of potash). Its 
crystalline forms have been described by Mr. Levy (Quarterly Journal, 
xv. 286), and by Mr. Brooke (Ann. Phil., v. 451): they belong to the 
oblique prismatic system. 

This salt is prepared, upon the large scale, by charging one or two 
Woulfe’s bottles with a strong solution of carbonate of potassa, and 
passing chlorine slowly through it at the lowest convenient temperature: 
the gas is absorbed, and the liquor effervesces, chiefly from the escape of 
carbonic acid; when this has ceased, the liquor may be put aside ina 
cold dark place for about 24 hours, when it will be found to have 
deposited a considerable portion of the crystallized chlorate, which may 
be taken out, drained, and purified by solution in hot water, which; 


during cooling, again deposits the ‘salt in white crystalline scales. The 


mother-liquor, from which more of the salt may be obtained by evapo- 
ration, is generally of a pinkish tint, from the presence of a trace of 
manganese; but this tint disappears when sufficiency of chlorine has 
been passed in to saturate it, and it acquires a brownish hue*. Solution 
of pure potassa absorbs the gas more readily than the carbonate, but 
hearly with the same phenomena, and in either case care must be taken 
that the tube conveying the chlorine does not become stopped up by the 
salt, which is apt to happen if it be not sufficiently capacious. To under- 
stand the theory of this process we must recollect that chloric acid is a 
compound of one proportional of chlorine and five of oxygen, and that 
chloride of potassium consists of one proportional of chlorine and one of 


potassium, and that potassa contains one proportional of oxygen and one 


‘Si 
4 i 
ry 


of potassium: it follows, then, that five proportionals of chlorine acting 
upon five of potassa will expel five of oxygen, which, uniting with one of 
chlorine, will form one proportional of chloric acid, and this uniting to a 
proportional of undecomposed potassa will form chlorate of potassa, as 
shown in the following diagram :— 


* In this process, the carbonic acid is | in a solution of carbonated alkali, form- 
expelled when excess of chlorine is | ing a peculiar compound of chlorine, or 
passed into the solution: by particular | hypochlorous acid, and potassa. See 
management chlorine may be retained | Carbonate of Soda. 
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4 Chlorate of potassa. It appears, therefore, that five pro- 
ee eee ae e - -e 
T Ohlone Aca} 1 Potassa portionals of potassa will require six 
5 i, 7 of chlorine to be consumed in the for- 
jones Ghieriae mation of five proportionals of chloride 


5 propor- . ‘ ‘ : 
fionais oF fener of potassium, and one proportional of 
Potassa. a4 : Chlorine. chloric acid. The elements of the 
O- : -. 
saosin. TP Chtorite water are not concerned in the forma- 
—_—_—_—_—_ e ‘ ° 
5 Chloride of Potassium. tion of these products, but that fluid 


performs the important office of ena- 
bling the different elements to act upon each other in their nascent states. 
According to Liéwig, chloride of lime, which by long keeping has lost 
much of its bleaching power, contains chlorate of lime, and may be used 
for the preparation of chlorate of potassa: the solution of the lime salt is 
boiled in order to complete the conversion of the chloride into chlorate, 
and then partially decomposed by carbonate of potassa, or evaporated 
with an admixture of chloride of potassium, when chlorate of potassa 
crystallizes, and chloride of calcium remains in solution. (GRAHAM. ) 
Chlorate of potassa is an anhydrous salt of a cooling and austere taste. 
Its specific gravity is 1-989. (Hassenrrarz.) When pure, its aqueous 
solution is not rendered turbid by nitrate of silver. When triturated, it 
appears phosphorescent. It decrepitates and fuses at a temperature 
between 400° and 500°: at a higher heat it effervesces, and gives out 
neatly 40 per cent. of its weight of oxygen, and chloride of potassium 
remains. It is soluble in 18 parts of cold and 2°5 of boiling water; or, 
according to Gay Lussac, 100 parts of water at 32° dissolve 3'5 parts, at 
59° 6 parts, at 95° 12 parts, at 120° 19 parts, and at 216°, which is the 
boiling- point of the saturated solution, 60 parts. It acts-very energetically 
upon many inflammables, and triturated with sulphur, phosphorus, and 
charcoal, produces inflammation and explosion. A mixture of three parts 
of this chlorate with one of sulphur, detonates loudly when struck upon 
an anvil with a hammer, and even sometimes explodes spontaneously ; 
hence it should not be kept ready mixed. Chlorate of potassa was pro- 
posed by Berthollet as a substitute for nitre in gunpowder. The attempt 
was made at Essone in 1788: but, as might have been expected, no 
sooner was ‘the mixture of the chlorate with the sulphur and charcoal 


submitted to trituration, than it exploded with violence, and proved — 
fatal to several persons. With phosphorus the detonation is dangerously — 


violent; the experiment is best made, by wrapping a grain of phos- 
phorus and two of the chlorate in a small piece of paper, and striking 
them a blow with a hammer, upon an anvil. The phosphorus is gene- 
rally thrown about in an inflamed state. These phenomena depend upon 
the sudden decomposition of the chloric acid. 

The action of sulphuric acid upon chlorate of potassa has already been 


adverted to. (See Peroxide of Chlorine, p. 368.) If, instead of distilling — 
the yellow mixture of the acid and chlorate with the caution there © 
described, it be heated to about 212°, it suddenly explodes. The theory 


of the production of chloric oxide is more explicitly described in the next 
article. | ' 

When sulphuric acid is dropped upon mixtures of this salt and com-~ 
bustibles, instant ignition ensues in consequence of the evolution of per- 
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oxide of chlorine. A mixture of sugar and the chlorate thus treated, is im- 
mediately kindled, with a red and blue flame; and a mixture of sulphuret 
of antimony and the salt suddenly deflagrates with a bright puff of flame 
and smoke: the latter mixture requires to be cautiously made, as it often 
takes fire by mere trituration. Matches tipped with some of these inflam- 
mable mixtures, and called Lucifers, are now in common use, and are 
inflamed either by friction or by the contact of sulphuric acid, which is 
most conveniently applied by putting some asbestus into a small well- 
stopped phial, and moistening it with sulphuric acid; the match is rapidly 


dipped into the phial and inflames on touching the asbestus, without the 


risk of spirting about the acid. Some of the matches which inflame by a 
pinch or blow, contain a portion of a drop of sulphuric acid hermetically 
sealed in a piece of very small and thin glass tube, and which escapes 
when broken, and acts upon the inflammable mixture. Berzelius gives 
the following as the best composition for the match: 30 parts of powdered 
chlorate of potassa, 10 of powdered sulphur, 8 of sugar, 5 of gum-arabic, 
and a little cinnabar. The sugar, gum, and salt, are first rubbed together 
into a paste with a sufficiency of water; the sulphur is then added, and 
the whole being thoroughly beaten together, ‘small brimstone matches are 


dipped in, so as to retain a thin coat of the mixture upon their sulphu- 


retted poliits: they should be quite dry before they are used. Some of the 
recently-improved lucifer matches appear to contain phosphorus; they 


inflame by slight friction upon emery paper or any hard rough substance. 


One of the compounds occasionally employed in percussion gun-locks is a 


similar composition: 10 parts of gunpowder are rubbed with water, and the 


soluble part poured off; the remaining paste is then mixed with 5h + parts 


of finely-powdered chlorate of potassa, and a drop of it put into each of 
the small copper caps adapted to the peculiar tubular touch-hole of the 
gun; a blow being struck upon the cap the powder is inflamed, and 
communicates to that in the barrel. The great disadvantage of this 
compound is, that it forms products which soon rust the touch-hole and 
Surrounding parts: fulminating mercury is, therefore, now generally 
substituted. 

When sulphuric or nitric acids are poured upon mixtures of chlorate 
of potassa and certain combustibles under water, by means of a long 
funnel, inflammation also ensues. In this way a beautiful experiment 
may be made with phosphorus, a few small pieces of which are put at 
the bottom of a tall glass of water, and a little of the chlorate thrown in 
upon it; sulphuric acid is then carefully introduced into the contact of 


the salt ‘by a funnel, with a tube long enough to reach to the bottom of 


the glass; the phosphorus presently inflames and burns vividly in different 
parts of the fluid, forming a kind of well of fire. A few grains of chlorate 
of potassa put into a teaspoonful of hydrochloric acid, ‘and then diluted — 
with water, form an extemporaneous bleaching-liquor. 

The ultimate elements of chlorate of potassa are 
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Oxygen. « « 
Chlorine . 
Potassium . 
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Berzelius. ets 
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—— ed 


Chlorate of potassa 1 124 100°00 100-00 


OxycHLoraTE on PercHioraTE or Porassa (p+0)+ (C+ 70) or 


(P+C") or K GC, may be formed by moistening one part of chlorate of 
potassa with three of sulphuric acid, and subsequently carefully warming 
the mass till it becomes white, and the oxide of chlorine is expelled: in 


this state it consists of bisulphate and perchlorate of potassa, which may . 


be separated by solution and crystallization, the former being much more 
soluble in cold water than the latter salt. 

In reference to the 
production of perox- 


Ill. 
Bisulphate of Potassa. ; ide of chlorine and 


giaddns ene perchloric acid, as the 
AcID. ia result of the action of 
sulphuric acid upon 
ee ae chlorate of potassa, 
or Porassa, the annexed diagram 
may, perhaps, be 
Ut. useful. The original 
Chloric : 
fe Acid, substances are print- 
| a es ed in capitals, the 
Lite he C | C components in com- 
1 mon type, and the re- 
sulting compounds in 
italics; the volumes 
| 0 of oxygen and of chlo- 
re real : rine being shown by 
Perovide of, 0 Perchloric the usual symbols of 
VP if Acid. : J 
ae | o bulks which I have — 
per ] 0 lo elsewhere employed. 
Sanaa wana The Roman numerals — 
A PS ie denote the number 
O y | 0 of proportionals or 
Lindt] eb Lo equivalents presumed 
_ to be employed or 
formed. 


Thus it appears that 6 proportionals of sulphuric acid acting upon 3 
of chlorate of potassa form 3 of bisulphate of potassa, and detach 3 of 
chloric acid, the elements of which are.3 of chlorine and 15 of oxygen: 
of these, 2 proportionals of chlorine and 8 of oxygen form 2 of peroxide 
of chlorine; and the remaining 1] of chlorine and 7 of oxygen form per- 
chloric acid, If instead, as in the above diagram, of considering the mere 
formation of perchloric acid, we refer to the formation of perchlorate of 
potassa, we must assume that the oxygen is transferred to the chloric acid 

of an undecomposed portion of chlorate of potassa, and so converts it into 
perchlorate. . 
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Perchlorate of potassa does not change vegetable colours, nor is it 
altered by exposure to air. It crystallizes in small octoédra with square 
bases. It requires rather more than 50 parts of water at 60° for its. 
solution: but is much more soluble in boiling water. It is insoluble in 
alcohol: it detonates slightly when rubbed with sulphur. When mixed 
with its own weight of sulphuric acid, and distilled at 280°, solution of 
oxychloric acid passes over. It may be decomposed by exposure toa 
temperature of 412°. Oxygen is given off, equal to 0°45 per cent. of the 

_ weight of the salt, and chloride of potassium remains in the retort. 

Gmelin states that when a saturated solution of chlorate of potassa is 

, -exposed to the decomposing agency of Voltaic electricity, transmitted by 
_ platinum poles, crystals of oxychlorate of potassa are formed at the positive 
pole, whilst hydrogen is evolved at the negative. 

The ultimate elements of this salt are 


Oxygen Bike, V's) G4 oct ANT 

Chlorine ie gy ae eas 

Potassium” 1.) 2. 40° 2.) .° 286 
1 


Its proximate composition: 
Stadion. 

Be iss ne Le ee aoe ets G4 oe, ee OL OF 
Perehlori¢-acid® 2°. We 0st 9.92" 65972. 6569 


ae 


Perchlorate of potassa 1 140 100°0 100:00 


TopipE or Potassium. (po+t) or K I.—Iodine and potassium act 
upon each other ver B) energetically, evolving heat and light, and a 
crystalline compound is obtained, white and fusible. When hydriedic 
acid is saturated by potassa, and the solution carefully evaporated, an- - 
hydrous prismatic crystals of the iodide (or as it is sometimes called 
hydriodate of potassa) are obtained. The readiest mode of procuring 
this compound consists in dissolving iodine in solution of potassa, till it 
begins to assume a brown colour; on evaporating to dryness, and fusing 

_ the residuary salt, a pure iodide of potassium remains. If, instead of 
fusing the products, the solution be carefully evaporated nearly to dryness, 
and alcohol poured upon it, the iodide is dissolved, and there remains a 
salt insoluble in alcohol, which is zodate of potassa, and which, at a red 
heat, evolves oxygen, and becomes iodide of potassium. The action of 
iodine upon the alkali appears in all respects to correspond with that of 
chlorine. Iodide of potassium is also frequently prepared by decomposing 
-a solution of iodide of zine by carbonate of potassa, and filtering off and 
evaporating the resulting solution of the iodide, which, however, is apt 
to retain iodide of zinc. The Pharmacopeeia directs the decomposition of 
a solution of iodide of iron by carbonate of potassa, but in this case all 
traces of iron are very difficultly got rid of. Iodide of potassium forms 
cubic and prismatic crystals, which are debruescant in very damp air. 
According to Gay Lussac, 100 parts of water at 65° dissolve 143 of this 
salt, and a considerable depression of temperature is produced during the 
olution; it 1s sparingly soluble in absolute alcohol, but much more go in 
alcohol, sp. gr. 850. It is pretty largely used in shetlictats and as it occurs 
in commerce is frequently mixed with chloride of potassium and sodium, 
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and with sulphate and carbonate of potassa. It should be purchased in — 


crystals, which ought not to be very deliquescent, and should perfectly 
dissolve in six or eight parts of alcohol, sp. gr. ‘836. They generally red- 
den turmeric from the presence of a little adhering carbonate of potassa. 


Iodide of potassium consists of 
Gay Lussae. 
Potassium . i rer ines, J Rereer pg eee eo 
T6dihG . G75. oo Beek oe se ee ee ee 


Iodide of potassium 1 166 100 100°0 


The aqueous solution of iodide of potassium dissolves a considerable 


* 


portion of iodine; this solution, under the name of ioduretted iodide of 5 


potassium, is sometimes used in medicine: it is of a deep-brown colour. 
According to Baup a saturated solution of iodide of potassium will dis- 
solve two equivalents of iodine, one of which falls on diluting the solu- 


tion. 


Topate or Porassa (P+0)+(%+50) or P+’, obtained as just 
described, is a white, difficultly soluble salt, requiring about 14 parts of 
water at 60° for its solution: at a red heat, it gives out between 22 and 
23 rer cent. of oxygen, and is converted into iodide of potassium. Iodide 
of potassium may also be converted into iodate of potassa, by fusing it 
in a crucible, and projecting upon it rather less than twice its weight of 
chlorate of potassa: warm water removes the chloride of potassium and 
leaves the iodate. 

This salt is insoluble in alcohol: it forms small and permanent pris- 
matic crystals, soluble without decomposition in warm sulphuric acid, 
and detonating with a purple flame when thrown upon hot coals. With 
the addition of potassa, it yields a crystallizable subsalt, the exact com- 
position of which has not been determined; it is very soluble. 

Todate of potassa consists of 


Pots ey Eee vee 
Tedi¢ cil. ag Eh eh UE TOR e 4 976 


os —— ee ee 


Iodate of potassa 1 214 100-00 


Serullas has described a biniodate and a tertodate of potassa. (Ann. de 
Ch. et Ph., xtiii. 113.) The biniodate is obtained by adding an additional 
equivalent of iodic acid to a solution of the neutral iodate saturated at a_ 
high temperature: it forms prismatic crystals with diédral summits, 
which retain an equivalent of water, but which, according to Graham, may 
be rendered anhydrous by heat: it is soluble in 75 parts of water at 60°. 
The deriodate is formed when a strong acid is added to a hot saturated 
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solution of the neutral iodate, and allowing it to cool slowly: it forms 


rhomboédral crystals soluble in 25 parts of water. According to Serullas 
the biniodate of potassa has a great tendency to form double salts; one 
of these, with chloride of potassium, is obtained in crystals, when a little 
hydrochloric acid is added to a solution of iodate of potassa and the mix- 
ture subjected to spontaneous evaporation: it contains ] atom of the 
biniodate with 1 of chloride; it cannot be formed by the direct union of 
its component salts, and is decomposed by water. Another double salt 
of biniodate with bisulphate of potassa is obtained from the mother liquor | 
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which remains when teriodate of potassa is prepared by means of sulphu- 
ric acid; it forms crystals which are decomposed by water, and, like the 
preceding, cannot be formed directly. 


BromipE oF Porassium. ( pot+ b) or K B.—Potassium and bromine 
act intensely upon each other, evolving heat and light, and producing 
explosion. When bromine is dropped into solution of potassa, the mix- 
ture evaporated, and the residue heated to redness, bromide of potassium 


1s also obtained; it is white, fusible, and crystallizes in cubes, easily 


soluble in water, and slightly so in alcohol. It consists of 


POtassigine =, 0+)». Ate =o hae vlc ao Oo 
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Bromide of potassium | 118 100°0 


It is prepared for medical use, either by the above process, or by decom- 
posing bromide of zinc or bromide of iron, by carbonate of potassa; it 
should be purchased in crystals, as it is otherwise apt to be impure. 

When ethereal solution of bromine is agitated with liquid potassa, 
the yellow colour disappears, and bromate of potassa and bromide of 
potassium are the results. The action, therefore, of bromine is here 
analogous to that of chlorine and iodine. 


Bromate oF PorassA (PO+0)+ (b +50) or (P+ b/) separates in 
the form of a crystalline powder, when bromine and solution of potassa 
are mixed in sufficient quantities. It scintillates on a hot coal, like nitre, 
and evolving oxygen becomes bromide of potassium. It is slightly soluble 
in alcohol, readily soluble in water, and crystallizes in needles: mixed 
with sulphur it detonates by a blow. Its solution occasions a white 
precipitate in nitrate of silver, (Bauarp, Quarterly Journal, xxii. 389.) 


Fivoriwe or Porasstum. (0+ fj—When hydrofluoric acid is satu- 
rated with potassa, and evaporated to dryness, a deliquescent and very 
difficultly crystallizable compound is obtained, which must be regarded 
as a fluoride of potassium. It probably consists of 
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Fluoride of potassium 58 100°000 


This fluoride bears an intense heat without change. 3 

Berzelius has described an apparently peculiar compound, obtained 
by dissolving the above fluoride in hydrofluoric acid, and evaporating to 
dryness in a platinum vessel: it is crystallizable, readily soluble in water, 
and when heated to incipient redness is decomposed, hydrofluoric acid 
being evolved, and fluoride of potassium remaining. It appears to 
consist of 

Berzelius: 


Fluoride of potassium 1 .. 58 . . 753 . « 749 
Hydrotiutric seid Pe IGS 2a ee ork 
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1 77 100°0 100°0 


Porassium AND Hyprogen.—When potassium is heated in hydrogen, 
it absorbs a portion of the gas, and produces a gray infusible hydruret, 
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destitute of lustre, and burning vividly when heated in air or oxygen gas. 


When heated, per se, it evolves hydrogen; and the same change takes: 

; > P ews 3 ge : 
place in the contact of mercury. When hydrogen and potassium are 
passed together through a white-hot tube, the gas dissolves the metal, 


and produces a spontaneously inflammable potassiuretted hydrogen gas. 
Potassiuretted hydrogen is also produced when potassium is thrown upon 
water, and is the cause of the red flame and white fumes produced during 
its combustion under such circumstances. Both these compounds are 
usually formed during the operation for obtaining potassium by the gun- 
barrel. (Gay Lussac and THEnarp.) | 


Nitrate or Porassa. Nirre. Sarretre. (po 4-0) +(%+50) or 


(P +72’), or KO N Os, or K N.—This ‘salt is-an abundant natural pro- 
duct, and is principally brought to this country from the East Indies, 
where it 1s produced by lixiviation from certain soils. The greater part 


of the rough nitre imported from the East Indies is in broken crystals of 


a brown colour, and more or less deliquescent; exclusive of other impuri- 
ties, it often contains a very considerable portion of common salt, which, 


re-acting upon the nitre, induces the production of a portion of nitrate of 
soda and chloride of potassium. It also usually contains sulphate of 


lime, and often evident traces of organic matter. 

In Germany and France it is artificially produced in what are termed 
nitre-beds. Thenard (T'raité de Chimie Elémentaire) has described the 
French process at length. (See also Dumas, Chim. App. aux Arts, ii., 
and Kunuman, Mem. Acad. Sciences de Lille, 1838; also Liepie’s Ann., 
xxix. 272.) It consists in lixiviating old plaster rubbish, which, when 
rich in nitre, affords about five per cent. Refuse animal and vegetable 
matter, which has putrified in contact with calcareous soils, produces 
nitrate of lime, which affords nitre by mixture with carbonate of potassa. 
In the same way it is abundantly produced in some parts of Spain. 
Exudations, containing saltpetre, are not uncommon upon new walls, 
where it appears to arise from the decomposition of animal matter con- 
tained in the mortar. It was long ago shown by Glauber, that a vault 
plastered over with a mixture of lime, wood-ashes, and cows’ dung, soon 
becomes covered with efflorescent nitre, and that, after some months, the 
materials yield, on lixiviation, a considerable proportion of that salt. 


The loss which rough nitre sustains in refining, is technically termed 


the refraction, and can only be ascertained by analysis, which frequently. 
is somewhat difficult and intricate: it is, moreover, not easy to get a fair 


sample of a cargo. The samples which the merchants and brokers select 


for analysis, generally consist of portions drawn from each bag and after- 
wards mixed together, and if carelessly or unfairly taken, or exposed so 
as to become more moist or more dry than the bulk, the report of the 
analyst is often unsatisfactory. He should work upon not less than 25 
to 50 Ibs. of such sample, which’should be ground or triturated so as to pro- 
duce a properly uniform mixture of the whole, for it often includes lumps 
of pure nitre or of other salts; of this uniform mixture a portion is then 
taken for analysis. The moisture is determined by the loss occasioned 


by drying a given weight on the sand-bath. A portion is then dissolved — 
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in water and tested, so as to acquire some general notion of the impuri- 
_ties; and, from the effect of nitrate of silver, nitrate of baryta, and oxalate 


of ammonia, the presence of chlorides, sulphuric acid, and lime, is deter- 


__ mined: the lime is generally in the state of sulphate, and’ more or less 


‘Fs 
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_ sulphate of potassa is also usually present; the chlorine is chiefly derived 


from the chlorides of potassium and sodium. Another portion of the 
sample should be dissolved in about thrice its weight of boiling water, and 
filtered, by which the sand and other, insoluble impurities are collected ; 
the salt should then be crystallized in the usual way, during which the 
appearances and forms of the successive deposits will indicate, to the 
experienced eye, the nature of the foreign salts present; among which 
nitrate of soda, sulphate of potassa, sulphate and nitrate of lime, and 
chloride of sodium and potassium, with traces of chloride of calcium, and 
sometimes of a peculiar organic matter, are frequently found. It will be 
obvious that the accurate quantitative analysis of such a mixture of salts 
is not a very easy problem, and yet the separation of nitrate of soda from 
nitrate of potassa, and of chloride of potassium from chloride of sodium, 
are essential steps, inasmuch as the value of the sample is materially 
aifected by their relative proportions: for nitrate of soda, to say nothing 
of its unfitness for the manufacture of gunpowder, is cheaper than nitrate 
of potassa; and chloride of sodium is of no value, whilst chloride of potas- 
sium is purchased by the alum-makers; so that a sample of nitre, con- 
taining the latter salt, is in this respect worth more than where it only 
contains common salt. But inasmuch as the equivalent of chloride of 
sodium is only 60, and that of chloride of potassium 76, it is obvious that 
if the whole of the chlorine, as indicated by the weight of the chloride of 
silver, be considered as in combination with sodium (part of the sample 
consisting of chloride of potassium), the refraction will be estimated 
below the mark. Hence the necessity of ascertaining the relative propor- 
tions of both chlorides, which is best effected by converting them into 
sulphates, and separating them by crystallization. 

A rough method of determining the value of a sample of nitre, and 
which, in some cases, especially where common salt is the chief impurity, 
admits of considerable accuracy, consists in putting a pound of the salt 
in powder into a basin, and pouring upon it a pint of a saturated aqueous 
solution of pure nitre; this mixture is well stirred for 15 or 20 minutes, 
then left at rest, and when the salt is deposited, the liquor is poured off 
and filtered: half a pint of the saturated solution of pure nitre is then 
again poured upon the remaining salt, stirred as before, and then the 


whole contents of the basin are carefully transferred into the filter. In 


some cases where the quantity of common salt is excessive (exceeding 66 
per cent.) the washing must be repeated a third time, but this is rarely 
necessary. When the dripping of the filter has ceased, it is carefully 
removed with its contents, from the funnel, and placed upon a few sheets 
of coarse filtering paper lying upon a chalk table or other absorptive sub- 
stance, the saltpetre being carefully spread out so that the moisture may 
be absorbed. When it is dry enough to admit of removal, it must be 
carefully transferred into a basin placed upon a sand bath, and the drying 
completed till it no longer adheres to the rod or ivory knife with which 
it is stirred; it is then weighed, and the loss of weight, (as compared 
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with the sample,) gives the impurities; but from this, 2 per cent. shouldbe 
deducted for the nitre deposited by the saturated solution whilst taking up 
the common salt. When the common process for refining nitreis conducted 
as follows, it may be made subservient to the more accurate analysis. 


Porirication or Nirre.—A given quantity of the rough salt (say 7 
Ibs.) is accurately weighed, and then dissolved by heat-in three or four 
parts of water; when boiling, the scum is removed until no more rises, 
and then the solution is allowed to settle for ten minutes or longer. In 
this way nearly all the dirt falls down, and the clear solution, being 
poured off, is passed through a filter of tow into a pan, and set aside to 
crystallize; the dirt left behind is added to the scum, and both being 
diluted, are filtered through paper, and the clear solution preserved. Next 
day the crystals formed in the pan are separated and put into funnels to 
drain, and the mother-liquor with the filtered solution from the scum, &c. 
are further evaporated, and again left to crystallize. On the second 
evaporation, impurities generally separate from the solution; these are 
sometimes oxide of iron, or sulphate of lime, but most frequently chloride 
of sodium and of potassium, sulphate of potassa, and nitrate of soda. The 
two first are easily separated by filtration; the chlorides are best separated 
by evaporating the solution considerably, until much salt has been depo- 
sited, and then pouring the whole upon a filter of tow; the common salt, 
with more or less of the others, will remain on it, and should be washed 
by water to separate the nitre, which water should be added to the liquor, 
and the whole then brought to the crystallizing point. When cold, the 
crystals deposited by this solution are to be separated as before, until the 
mother-liquor is divided into other salts and nitre. It frequently happens 
that the crystals from the two or three last evaporations are coloured or 
contaminated by the adhesion of common salt, sulphate of lime, &c.; in 
this case, they should be re-dissolved and re-ecrystallized with the same 
precautions as before. Care should be taken in drying the crystals, 
especially when large, that no water remain in the interstices or cleavages 
between them, which is often the case to a considerable extent; and not 
unfrequently the insterstitial water retains foreign salts, so that, in purify- 
ing nitre upon the large scale, it is often advantageous to stir it whilst 
erystallizing, that the crystals may be small and broken, and then the 


adhering impurities may be better washed out by cold water. When _ 


pure, the solution of nitre is not rendered turbid either by nitrate of silver 
or nitrate of baryta. 

Nitre crystallizes in six-sided prisms, usually terminated by diédral 
summits. Its specific gravity is 1:933. Its primitive form is a right 
rhombic prism, the measurement and modifications of which have been 
given by Mr. Levy (Quarterly Journal, xy. 284). The crystals are large 
and smooth when obtained from a great mass of solution, but irregular 
and striated when formed in smaller quantities. The large crystals are 
very sensible to changes of temperature, and when handled generally 
crack transversely; so that it is difficult to preserve them entire. They 
are not altered by exposure to air. According to Bergman, nitre dissolves 
in 7 parts of water at 60°, and in its own weight at 212°; but these pro- 
portions are not correct: La Grange states that ] part of nitre dissolves 
in between 3 and 4 of water at 60°, and in half its weight at 212°. Gay 
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Lussac has shown that the solubility of nitre varies extremely with tem- 
perature: at 32°, 100 parts of water dissolve 13°2 of the salt; at 77°, the 
salt dissolved by 100 of water is 38 parts; at 132°, it amounts to 97 parts; 
at 176°, to 169 parts; at 210°, to 236 parts; and at 212°, to 246 parts. 
According to Dr. Ure, the temperature of a saturated solution of nitre, 
boiling hot, is 340°, and the relation of the salt to its solvent is in weight 
as3tol. Upon the same authority, water at 60° dissolves one-fourth 
its weight of nitre; or, more exactly, this saturated solution contains 21 
per cent. of salt: its specific gravity is 1:1415; and 100 parts in volume 
of the two constituents occupy now 97°91 parts, (Jour. Royal Inst., 
i. 121.) Berzelius observes, that the solubility of nitre is apparently 
increased by the presence of common salt, but that this arises from their. 
mutual reaction, producing nitrate of soda and chloride of potassium. Yet, 
during crystallization, common salt and nitre separate distinctly from 
each other. During the solution of 1 part of powdered nitre in 5 of 
water, the temperature sinks from 50° to 35°. Its use in cooling mix- 
tures has already been noticed, p. 169. It is insoluble in pure alcohol. 
The crystals of nitre, though the salt is anhydrous, generally contain 
interstitial water; so that they appear moist when powdered, and lose 
weight on drying. The taste of nitre is cooling and peculiar, and it is 
used in medicine in small doses, as a diuretic and sedative: in doses of 
from half an ounce to an ounce it is poisonous, exciting spasms, vomiting, 
bloody stools, convulsions, and often proving fatal. In such cases viscid 
mucilaginous drinks with opium and cordials are the most effective resto- 
ratives. ‘This salt consists of 


Wollaston. 

: taeda. fe Le A gs s, ART, . AGGRS - 
mMitrie new 0h a eh Bar 68 OS *BBI882 
Nitrate of potassa 1 102 100-0 100-000 


Its ultimate components are’, 


Oxygen Pees 46 ABS a 404708 
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Nitrate of potassa 1 102 10009 


At a temperature of about 600°, nitre fuses without undergoing 
change of composition, and congeals, on cooling, into a white striated 
mass. Sometimes it is cast into small balls or cakes, called sal prunella, 
a name said to be derived from the circumstance of its having been occa- 
sionally stained of a plum-colour. At a red heat, nitre is slowly decom- 


posed; and if distilled in an earthen retort or gun-barrel, it affords 


abundance of oxygen gas, one pound yielding about 12,000 cubic inches, 
of sufficient purity for many common experiments in which that gas is 
used; it is of course mixed with a portion of nitrogen. In this decom- 
position the nitre is first converted into hyponitrite of potassa, which is 
deliquescent; and afterwards, according to Berzelius, compounds are 
formed of potassa with nitric and nitrous oxides. 


* Professor Daniell has shown that in | to the positive electrode; hence the elec- 
the electrolysis of a solution of nitre, the | trolytic formula of nitre is (4 +60)+ po. 
resultsindicate that an atom of potassium | He calls it an oxynitrion of potassium. 
travels to the negative electrode, and an | (Phi/, Trans., 1839, p. 109, and 1840, p- 


atom of nitrogen and six atoms of oxygen | 223.) 
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Nitre is rapidly decomposed by charcoal at a red heat; and the results 


are carbonic oxide and acid, nitrogen, and carbonate of potassa, formerly 
called nifrum ficum, and white flux. The old chemists used to perform 
this detonation in retorts connected with capacious receivers, which were 
generally blown to pieces; sometimes they succeeded in obtaining a little 
acidulated water, which they called clyssus of nitre, and attributed to it 
wonderful medical virtues. These mixtures of nitre and charcoal form 
the basis of a variety of compositions used for fireworks, the rapidity of 
the combustion being modified by the relative proportion of the charcoal. 
When phosphorus is thrown upon nitre, and inflamed, a vivid combustion 
ensues, and a phosphate of potassa is formed. Sulphur sprinkled upon hot 
nitre burns, and produces a mixture of sulphate and sulphite of potassa, 
formerly employed in medicine, under the name of Glaser’s polychrest 
salt. The combustion of a mixture of sulphur with a small quantity of 
nitre has already been described as the source of sulphuric acid (p. 463). 
When a mixture of two parts of nitre and one of hydrochlorate of am- 
monia are heated to redness, chloride of potassium, water, chlorine, hydro- 
chloric acid, and a little nitrous acid, are the results, and nitrogen gas is 
copiously evolved. (Souperran, Journal de Pharmacie, 1827, p. 321.) 
Most of the metals, when in filings or powder, detonate and burn when 
thrown on red-hot nitre; some of the more inflammable metals produce 
in this way a considerable explosion. 

A mixture of three parts of nitre, two of dry carbonate of potassa, and 
one of sulphur, forms fulminating powder. If a little of this compound 
be heated upon a metallic plate, it blackens, fuses, and explodes with 
much violence, in consequence of the rapid action of the sulphur upon 
the nitre, and the sudden evolution of nitrogen in its gaseous form. 

The action of sulphuric acid on nitre has been described above (p. 
416), and will be again adverted to under sulphate of potassa. When 
nitre and hydrochloric acid are heated together, chlorine and nitrous acid 
are evolved, and on evaporation to dryness, chloride of potassium remains. 
Mr. Penny proposes this decomposition as the basis of a method of ascer- 
taining the quantity of nitrate of potassa in crude saltpetre. (Phil. Trans., 


1839, p. 13.) 


GuNPowDER consists of a very intimate mixture of nitre, sulphur, 
and charcoal, the proportions varying, according to the uses made of it, ~ 


as follow:— 
j Common Shooting Shooting Miners’ 
gunpowder. powder. powder. powder. 


Saltpetre. » . + + 450 78 76 65 
Charcoal’, ssi) ao 12 15 15 
Sulphar <7: 40%. Fee 12S 10 9 20 


The following is a table of the composition of gunpowder of several 


countries :— 
Nitre. | Charcoal. Sulphur. 


Waltham Abbey mills. »« . « . ° 75 15 10 
France, national establishment « . 75 125 12°5 
for sportsmen 4 ..:.° 3° . 78 12 10 
for mining WA ee Ste Ue 15 20 
United States of America . . . 78 12°5- 12°5 
Prussia’ 0, 0 Eo Se PR eS Soar go 12°5 12°5 


RSS PS rs WE, Oe A ZS 13°59 12°63 
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Nitre. Charcoal. Sulphur. 
eRe Pe sme eh AG 11°5 12°5 
UAE ere. oe eee 76°47 10°78 12°75 
Switzerland (round powder) . . 76 14 10 
Chines eared) Inj ave MRE RY IS 14:4 9°9 


The ingredients are perfectly mixed, moistened, beaten into a cake, 
which is afterwards broken up, granulated, dried, and for the finest 
powder polished by attrition. The violence of the explosion of gun- _ 


powder depends upon the sudden production of gaseous matter, and of 


intense heat, resulting from the action of the combustibles upon the nitre. 
Carbonic oxide, carbonic acid, nitrogen, and sulphurous acid, are the 
principal gaseous results; and the solid residue consists of carbonate and 
sulphate of potassa, sulphuret of potassium, and charcoal. (Cruick- 
SHANKS, Nicholson’s Journal, iv. See also the same Journal, xiii. 277.) 
If we theoretically inquire how the maximum gaseous volume is to 
be produced from the chemical reaction of the elements of gunpowder, we 
shall find it to be by the generation of carbonic oxide and sulphurous acid, 
with the disengagement of nitrogen. This will lead to the following 
proportions of their constituents. (Urn, Journal Royal Institution, vol. 
i. p. 135.) 
Per cent. 
1 equivalent of nitre . . 102 . . 75:00 
1 py sulphur. EGe nase eee 
3 a CRaICOM, 6 dO oe kel oe 


136 100-00 
The nitre contains 5 proportionals of oxygen, of which 3 combining 
with 3 of charcoal will furnish 3 of carbonic oxide gas, while the remain- 
ing 2 will convert the 1 of sulphur into sulphurous acid gas: the single 
proportional of nitrogen is, therefore, in this view disengaged alone. The 
gaseous volume, on this supposition, evolved from 130 grains of gun - 
powder, equivalent in bulk to 75‘5 grains of water, or to three-tenths of a 
eubic inch, will be at the atmospheric temperature as follows: 
Grains. Cubic inches. 
Carbonic Oxide. .) 4% wy a 42. eis AIAG 
PAUELEEEP OU GAC. ate ay Ba wh an Ie 
ENISPOU CM Parenter, Yo a rake bbe Lr oy ae 


Being an expansion of one volume into 787°3. But as the temperature 
of the gases at the instant of their combustive formation must be incan- 
descent, this volume may be safely estimated at three times the above 
amount, or considerably above two thousand times the bulk of the solid. 

But this theoretical account of the gases developed does not exactly 
accord with the experimental products usually assigned, especially as 
relates to the evolution of carbonic acid, and to the residuary sulphuret of 
potassium; with these, the following view of the results of the deflagra- 


tion given by Graham, is more consistent. 


Before combustion. After combustion. 
3 equivalents of carbon . TU gage ell Be 
6 oxygen 
1 ~ of nitre lnitrogen . I nitrogen 
1 potassiu P 
: Bre hi sulphuret of potassium 
1 - ofisulphiiyss sxe ets, 
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Carburetted and sulphuretted hydrogen, and vapour of water, often 
mentioned among the products of the combustion of gunpowder, are found 
in very minute quantities only, for good gunpowder does not contain more — 
than 1 per cent. of water, which can be the only source of hydrogenated 
compounds. The larger the proportion of sulphur the less forcible will 
be the explosion of the powder; thus, when it contains 12 of charcoal 
and 12 of sulphur in 100, it does not throw a proof-shell so far as that 
containing 19 of charcoal and 9 of sulphur. But the former powder 
keeps better than the latter, so that for the supply of remote colonies and 
humid climates, it perhaps justifies a slight sacrifice of strength, which 
may be compensated by a larger charge. (Mor the details of the manu- — 
facture of gunpowder, see Coneman, Phil. Mag., ix.; Atkin’s Dictionary — 
of Chemistry (article, GunpowDER) ; Urn’s Dictionary of Arts and Manu- 
factures; and Dumas, Chimie App. aux Arts.) 

The strength and goodness of gunpowder is most accurately deter- — 
mined by measuring its actual projectile force by the éprouvelte, which is 4 
a small strong barrel in which a given quantity of it is fired, and the force — 
of expansion measured by the action exerted on a strong spring ora great — 
weight. Another method is, to fire a heavy ball from a short mortar, + 
with a given weight of the powder, and to find the range of projection. 
The éprouvette formerly used in France, was a mortar seven inches 
(French) in calibre, which, with three ounces of powder, should throw a ~ 
copper globe of 60 lbs. weight to the distance of 300 feet. Gunpowder is 
sometimes tried by placing two heaps of about sixty grains each upon ~ 
clean writing-paper, three or four inches asunder, and firing one of them 
by ared-hot wire: if the flame ascends quickly with a good. report, send- — 
ing up a ring of white smoke, leaving the paper free from white specks — 
and not burnt into holes, and if no sparks fly off from it so as to set fire — 
to the contiguous heap, the powder is very good; if otherwise, the ingre- 4 
dients are badly mixed or impure. It appears from Count Rumford’s— 
experiments on the force of gunpowder (Phil. Trans., Uxxxvil. 254), that — 
28 grains, confined in a cylindrical space which it just filled, tore asunder — 
a piece of iron which would have resisted a strain of 400,000 lbs. (See — 
also a report in M. Propert’s Memoir on Gunpowder; Ann. de Ch. et Ph. ~ 
Lxii. 250.) . 

Gunpowder may, it is said, be inflamed by a violent blow; if mixed d 
with powdered glass, or any other harder substance, and struck with a — 
heavy hammer upon an anvil, it almost always explodes. It readily burns — 
under water, and by using a slowly burning powder, such as squibs are 
filled with, inflamed in a tube of copper, the gaseous products may be — 
collected over water in the pneumatic trough. The portfires used by the 
artillery also answer very well for this experiment. an ae .. 

Analysis of Gunpowder.—To analyze this compound, boil it with four 
parts of water, edulcorate the residue, dry it at 212°, and weigh; the loss” 
indicates the nitre. The dry residue, composed of charcoal and sulphur, Ee 
may be decomposed by spreading it upon an earthen plate, and burning — 
off the sulphur at the lowest possible heat; the charcoal will remain, still — 
however retaining a little sulphur. A more accurate process consists in 
introducing the mixture into a small retort furnished with a stop-cock, — 
exhausted, and filled with chlorine; heat applied volatilizes the chloride — 
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= of sulphur and leaves the charcoal, which may be washed, dried, and 
weighed. Another mode of analyzing gunpowder consists in separating 
the nitre by water, evaporating to dryness, and fusing the salt. To obtain 
the sulphur, 5 grains of the powder, 5 of carbonate of potassa, 5 of nitre, 
and 20 of pure common salt, are to be intimately mixed, and placed on 
the fire in a platinum vessel; the sulphur is slowly acidified, and when 
the mass becomes white it is dissolved in water, saturated with nitric or 
hydrochloric acid, and solution of chloride of barium added, so long as it 
occasions a precipitate; the sulphate of baryta thrown down is then col- 
lected, washed, and ignited, and its weight indicates the quantity of 
sulphur contained in the gunpowder by the usual computation. (Gay 
Lussac, Ann. de Ch. et Ph., xvi. 437.) Sometimes after the separation of 
the nitre by water, the residuary sulphur and charcoal are dried, and the 
-‘elative proportion of the latter determined by ignition with oxide of 
“copper, as in organic analyses. | 


Action oF Potasstum on Ammonia. Porasstamipe.—The action of 
potassium on gaseous ammonia was first examined by Gay Lussac and 
Thenard, and by Sir H. Davy. When potassium is heated in ammonia, 
hydrogen is evolved, and a fusible olive-coloured substance is obtained, of 
a crystalline fracture, translucent at the edges, heavier than water, and 
a non-conductor of electricity. It fuses at a little above 212°. It burns 
in oxygen, producing hydrated potassa and nitrogen: exposed to air, it 
slowly deliquesces, and evolves ammonia: water rapidly acts upon it, 
producing potassa and ammonia. The volume of hydrogen evolved by 
the action of potassium on ammonia is the same as that which it would 
have evolved from water; so that when | atom of potassium acts on 1 of 
ammonia, 1 of hydrogen is evolved, and the remaining elements of the 
ammonia, (namely 1 atom of nitrogen, and 2 of hydrogen,) combine with 
the potassium; now I of nitrogen and 2 of hydrogen constitute amidogen; 
hence this resulting compound hay been termed potassiamide, its formula 
being (po +-+2h). | 

The following diagram, to which the equivalent numbers are attached, 
shows that ammonia, acted upon by potassium, loses one equivalent of 
hydrogen, and forms potassiamide; and that potassiamide and water yield 
ammonia and potassa:— 


Hydrogen 
7 Ammonia 
17 
eeasis Amidogen + Hydrogen 
16 ] 
Hydrogen 
2 nif ; i 
Nitrogen Sead 
; = Potassiamide Water 
Potassium 56 9 
40 


Potassium -+ Oxygen 
A0 8 


eee, oeetnconseeenene 


Potassa 
48 


Porasstum AND Sutpuur. SuLPHURETS oF Potasstum.—When potas- 
sium and sulphur are heated together in an exhausted tube, the sulphur 
2T2 
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not being in excess, intense action ensues, attended by the vivid combus-_ 
tion of the potassium, and a brownish-gray compound results: when proper — 
proportions of the materials are used, this is protosulphuret of potassium’ — 


(po+S). The same compound is obtained by heating atomic proportions i. 


of sulphate of potassa and charcoal (lamp-black), in which case, especially 
if there be excess of lamp-black, the product is pyrophoric. 
phuret of potassium is also formed by passing hydrogen through a red-hot 
tube containing sulphate of potassa: water is formed in consequence of 
the deoxidizement, by the hydrogen, of the acid and of the potassa. ‘Thus’ 
procured it is a dark reddish-brown deliquescent substance, fusible at aie 
heat below redness, of a caustic and sulphureous taste, soluble in water” 
and alcohol, and when heated by the blowpipe, becomes incrusted with 
From the mode of forming this compound it” 


sulphate of potassa. 
obviously consists of 


Potaserum > 99 9s Oe ek 
OID NET s hort aces ie nd 


40 
16 


Protosulphuret of potassium 1 56 
Sulphuretted Hydrogen. 
17 


aS 
Sulphur Hydrogen 
16 \ 
ET RAAT 


-| 48 Potassa = 65 Hydro- 


POTASSIUM. 
56 sulphuret of Potassa. 


SULPHURET : 
OF ‘3 Sulphuretted te WATER. 
9 


Potassium Oxygen 
40 8 


Nc 
Potassa. 
48 


ret, as shown in the annexed diagram: but Berzelius does not admit the © 
decomposition of water in these cases, but considers the solution as con-— 


taining the undecomposed sulphuret. 


A similar compound may be obtained by passing sulphuretted — 


containing 
Potassasee® 2) ses > cet . 48 
Sulphuretted hydrogen 1 . . 17 
Hydrosulphate of potassa 1 65 


Hyprosutpuurer or Porassium. (0+ h+2s.)—When potassium — 
is heated in sulphuretted hydrogen gas it burns, and the gas diminishes in 
yolume. During this action the potassium decomposes one proportional 
of the gas, evolves hydrogen, and combines with its sulphur to form sul- 


phuret of potassium, which, uniting without decomposition with another — 


oe 


proportional of the gas, forms a compound of 


Sulphuret of potassium . . 1 56 
Sulphuretted hydrogen 1 Wj 
Hydrosulphuret of potassium 1 73 


Protosul-_ ’ 


# 


RRs 
° e 28'6 
100°0 g 


When suiphuret of — 
potassium is put into — 
water, it is generally 
assumed that it yields — 
a solution of hydro- — 
sulphuret of potassa 
(po + 0) + (h+8), 
in consequence of the — 
decomposition of one — 
proportional of water, 
by one of the sulphu- _ 


ou 


> 


73°85 i= 
26:15 ; 


10000 


76°71 
23°29 


100°00 . 


BISULPIIURETS OF POTASSIUM. 629 


It is to such compounds that the term sulphur salts properly applies. 
This hydrosulphuret yields with water.a colourless solution of bihydro- 
sulphuret of potassa (PO+0)+2 (A+S). With dilute acids it evolves 
two volumes of sulphuretted hydrogen. When dilute acids are dropped 
into a solution of this hydrosulphuret, one volume of sulphuretted hydro- 
gen is evolved, and no sulphur precipitated: when the solution is exposed 
to air, it absorbs oxygen, and becomes converted into hyposulphite of 
‘potassa. 


Bisutpuuret or Porasstum. (p0+2S).—When 4 parts of potas- 
sium are heated with 3 of sulphur, a brown fusible crystalline substance 
is obtained, permanent at a red heat, and consisting of 


POtacatite chase he) wt ke, a ae ADI es ae SEG 
Sulphur 2 Ne < Oi Aen eae obi ae Z| 


Bisulphuret of potassium 1 72 100°0 
_ Acting upon water 
this compound decom- Bisulphuret of Hydrogen. 
‘poses one proportion- pears RPI Sli pha a AS 
aloof that fluid, and poe Hydrogen. 
forms Eyellow solution (iar ae eign wnlarae iye 
of sulphur etted hydro- BISULPHU- 33 Bisulphuret of Hydrogen it ] 
RET OF +48 Potassa=8] Sulphu- VATER, 
sulphuret of potassa, PoTassIuM. retted Hydrosulphuret of 9 
or of a compound 72 Potassa. 
of potassa with bi- ae, * 
j otassium,. xygen. 
_ sulphuretted hydrogen 40 ete 
— na omen 
(po a 0) oe (2 $+ h) Potassa. 
as in the annexed dia- 48 
gram. 
_ The solution therefore contains 
Potassa . . ae 210 403, ° OSNOOS 
Bisulphuret of hydr open Vast Sat eB AOy 
1 81 100°0 


When the dilute acids are added to this aqueous solution, sulphuretted 

_ hydrogen is evolved and sulphur precipitated in a peculiar white state, 

hydrated according to Thomson, but containing, according to Rose, a 

little bisulphuretted hydrogen; but if a strong solution of i be poured 

into hydrochloric acid, a viscid substance falls, which is bisulphuretted 

hydrogen (see page 481). Exposed to air, this solution passes into a 
hyposulphite, and sulphur is deposited. 

It appears that the above are the only two definite compounds of sul- 
phur and potassium; they are both permanent at high temperatures; but: 
these unite indefinitely with sulphur by fusion at a moderate heat. Ber- 
zelius describes seven sulphurets of potassium, in which one pr oportional 
of metal is combined respectively with 1, 2, 3, 34, 4, 43, and 5 propor- 
tionals of sulphur (Ann. Phil., N.S., iv. 214), but the defiiite nature of 
these compounds seems open to some doubt. 


Pa 
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Porassa AND SurpHur.—When sulphur is fused with hydrate 0 & 
potassa, the water of the hydrate evaporates, and the oxide of potassium __ 
is decomposed, giving rise, at a red heat, to sulphuret or bisulphuret of — 
potassium (according to the quantity of sulphur used), and to hyposul- Fe 
phite (which becomes sulphate) of potassa. It does not appear that any ‘ 
sulphurous acid is in these cases evolved. q 

When anhydrous carbonate of potassa mixed with half its weight of 
sulphur is kept at a low red heat till carbonic acid ceases to be evolved, — 
the result, according to Berzelius, is a ¢ersulphurel of potassium ( 0-438) % 
mixed with sulphate of potassa; the elements concerned in the produm Pa 
are 4 atoms of potassa and 10 of sulphur, which yield 3 atoms of ter= 
sulphuret of potassium, and 1 of sulphate of potassa; or in ‘symbols, Da 
4(pO+0)+108=3(p0+38) and (PO+0)+(S+30). * 

The potassii sulphuretum of the Pharmacopeeia is a similar compound ~ 
of sulphuret of potassium and sulphate of potassa, obtained by heating — 
1 part of sulphur and 3 of carbonate of potassa; or, according to Phillips, — 
(Translation of Pharmacopeia,) 4 atoms of carbonate of potassa, heated 
with 4 of sulphur, yield 1 atom of sulphate of potassa and 3 of sulphuret ~ 
of potassium, 4 atoms of carbonic acid being expelled; as in the following — 
equation: —4 (0 +0+C@r’)+4S=3(pO+S)+(p0+0)+(S+30). — 

The compounds obtained by fusing potassa, or its carbonate, with — 
sulphur, were formerly designated Livers of Sulphur, in consequence of — 
their colour; and the conversion of sulphate of potassa into liver of sul- — 
phur by the action of charcoal and heat, was an experiment instituted by 
Stahl in support of the phlogistic hypothesis. Exposed to air, these sul- 
phurets deliquesce, and exhale a disagreeable smell; their taste is bitter, — 
acrid, and nauseous. The general results of dissolving them in water 
have teen above noticed. € 

When sulphur is boiled with the hydrosulphuret, or when excess of 
sulphur is boiled in solution of potassa, bihydrosulphuret of potassa may ~ 
be obtained; but as this compound, when in solution, dissolves variable — 
and apparently indefinite portions of sulphur, an uniform combination is — 
not in this way easily obtainable. -@ 


Hyposutpnite or PorassA (f0+ 0)+(28+20) or (P+ 3) is 
formed by decomposing hydrosulphuret of potassa by sulphurous acid, ~ 
and evaporating to a pellicle, when it forms acicular crystals, of a cooling — 
bitter taste, and deliquescent. After careful drying, it takes fire upon 
‘elevating the temperature, and burns like tinder. Its solution readily _ 
dissolves moist chloride of silver; and when exposed to air becomes sul- 
phite, and ultimately sulphate, of potassa. This salt is also formed when ea 
the alcoholic solution of sulphuret of potassium is exposed to air, and the . 
adhering sulphuret washed from its crystals by alcohol: or by boiling a ¥ 
solution of sulphite of potassa with sulphur. r 
Sunpnire or Porassa (P+$) is formed by passing sulphurous acid 3 
into a solution of potassa, or of its carbonate, and evaporating out of the z 
contact of air. Rhomboidal plates or prisms, or sometimes acicular tuft 
are. obtained, white, anhydrous, of a sulphurous taste, and soluble in — 


about their weight of water. By exposure to air, they pass into sulphate — ee 
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of potassa. Berzelius observes that there is a bisulphile of potassa, 
more easily crystallizable than the sulphite, and generally confounded 
with it. . 

Sulphite of potassa consists of 


Potassa nce t eats ee GO 
Sulphurous acid . 1°. . 32. . 40 


——— 


Sulphite of potassa 1 80 100 


HyposuLPHate or Porassa (PO+0)+(25+450) or P+’ is ob- 
tained by decomposing a solution of hyposulphate of baryta, by sulphate 
of potassa. It forms permanent crystals of a bitter taste, difficultly soluble 
in cold, but readily so in hot water. Itis anhydrous. Its crystals are 
described by Mr. Levy in the Quarterly Journal, xv. 285. It consists, 
according to Heeren (4nn. de Ch. et Ph., xu. 30), of 


Per 20" - 3" 40 


1 75 9 66 
1 120 100 


Potassa . . + « 
Hyposulphuric acid 


Hyposulphate of potassa 


SurpHate oF Potassa. (fO+0)+(S$+30), or (P+8’), or terns 
This salt is the result of several chemical operations carried on upon a 


large scale in the processes of the arts. It may be formed directly by 


saturating diluted sulphuric acid by carbonate of potassa. It is the sal 
de duobus and arcanum duplicatum of the old chemists: the potasse sul- 
phas of the London Pharmacopewia. Its taste is bitter and saline, It 
generally crystallizes in short six-sided prisms, terminated by six-sided 
pyramids. The body of the prism is often wanting, and the triangular- 
faced dodecaédron results. These forms have been described by Levy 
(Quarterly Journal, xv. 285), they result, according to Phillips (Trans. 
Pharm.), from a primary right rhombic prism. According to Mitscher- 
lich its primitive form is a rhombic octoédron, and it is isomorphous with 


‘seleniate, and also with chromate of potassa. The crystals, whilst form- 


ing, sometimes emit a yellow light. They are anhydrous. This salt 
dissolves in 16 parts of cold, and 5 of boiling water ; or, according to Gay 
Lussac, 100 parts of water at 32° dissolve 8°36 of this salt, and for each 


degree above 32°, it takes up 0°1741 parts in addition; in consequence of 


its difficult solubility, it is thrown down, in a white granular powder, 
when sulphuric acid is added to a moderately strong solution of potassa. 
It is insoluble in alcohol. Exposed to a red heat, it decrepitates and 
melts, but is not decomposed. At very high temperatures it is volatilized. 


It is decomposed at a red heat by hydrogen, which carries away the oxy- 


gen both of the acid and of the potassa, and converts it into sulphuret of 
potassium. When fused with sulphur, this salt undergoes no change; 
the sulphur sublimes unaltered. (Vavquetin, Ann. de Ch. et Ph., v. 20.) 
Intensely heated with one-fifth its weight of powdered charcoal, it pro- 
duces sulphuret of potassium. When about 2 parts of sulphate of potassa 
and 1 of lamp-black, intimately mixed in fine powder, aré heated to 
redness in a coated phial, and great care taken to exclude the air during 
cooling, a compound is obtained which takes fire upon exposure to air. 
It appears to contain a compound of potassium, which powerfully attracts 
oxygen, and thus evolves heat enough to inflame the charcoal and sul- 
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phur. Gay Lussac attributes the combustibility of common pyrophorus — 


(see ALumtINA) to the presence of this compound. 
Sulphate of potassa consists of iidaae lh anaee 
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Sulphate of potassa. 1 88 100°0 100 100°0 
BIsuLPHATE oR SUPERSULPHATE oF Porassa, ( po+0)+2(S+30) 


or (P+28’) or K 82, is formed by adding sulphuric acid to a hot solu- 
tion of sulphate of potassa; or by boiling sulphate of potassa with half 
its weight of sulphuric acid in a platinum crucible, till none of the acid 
escapes when the heat approaches redness: the saline mass, dissolved and 
evaporated, furnishes crystals which affect various forms dependent upon 
the circumstances under which they are obtained: sometimes they pre- 
sent an acicular mass; at other times they are tabular; and sometimes 
flattened prisms. 
According to Geiger they consist of Agila ane: 
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Crystallized bisulphate of potassa 1 146 100°0 100-00 100°00 


The crystals of bisulphate of potassa are soluble in about half their 
weight of boiling water, and twice their weight of water at 40°. When 
dissolved in a large quantity of water and evaporated, crystals of sulphate 
of potash are deposited from a sour mother-liquor. 

By a continued red heat this salt loses its excess of acid. Alcohol 
added to its aqueous solution throws down neutral sulphate of potassa. 

Bisulphate of potassa is also formed in the distillation of equal weights 
of nitre and sulphuric acid: nitric acid passes over, and a residuary 
bisulphate of potassa is produced, commonly known under the name of 
sal enixum*. It is the arcanum duplicatum, or panacea Holsatica of old 
pharmaceutists. It is used as a substitute for dilute sulphuric acid for 
cleansing coin and other works in metal; and has a place in some Phar- 
macopare. 

Mr. Phillips gives the following diagram illustrating the formation of 
crystallized bisulphate of potassa by the mutual action of 2 atoms of 


nitrate of potassa and 4 atoms of liquid sulphuric acid; but he assumes: 


that in these 4 atoms of acid there are 5 of water, and that 2 atoms of 
liquid nitric acid contain 3 of water. 
135 Liquid Nitric Acid. 


108 Dry 27 Water. 

Nitric Acid. Des 
204 Nitrate 
of Potassa. 45 Water. 

Pooh 205 Liquid 
Re Sulphuric Acid. 
96 Potassa 18 Water. 160 Dry Sulphuric 
Acid. 


SEAR a ESE I a ge EE a Tele ee 

: 274 Bisulphate of Potassa. 
* This salt, from the variable quantity 
of sulphuric acid used in the distillation 


sulphate and bisulphate of potassa. 


of nitric acid, is generally a mixture of — 
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According to Jacquelin (Ann. de Ch. et Ph., uxx. 311) an anhydrous 
bisulphate of potassa is obtained when ] equivalent of sulphate of potassa 
and not less than 12 equivalents of liquid sulphuric acid are dissolved 
__ together in water and the solution evaporated; it yields prismatic needles, 
which when left in the mother-liquor gradually disappear, and rhomboé- 
drons of hydrated bisulphate are formed. The anhydrous salt may be 
dissolved and recrystallized from a quantity of hot water merely sufficient 
for its solution, but is decomposed by a larger quantity of water, 


SESQUISULPHATE oF Porassa. (P-+14S/,)—This salt has been 
described and analyzed by Mr. Phillips (Phil. Mag., N.S., ii. 420); he 
obtained it as the residue of the distillation of equal weights of nitre and 


sulphuric acid (sp. gr. 18442). It was in filamentous crystals, and con- 
‘sisted of ~~ ; 
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Crystallized sesquisulphate of potassa 1 225 100°00 


AMMon1o-SuLPHATE or Porassa (P+ A +425/) is obtained by adding 
ammonia to bisulphate of potassa, or by mixing solutions of sulphate of 
ammonia and sulphate of potassa, and setting aside to crystallize: it 
forms transparent prisms of a bitter taste: 100 of water at 60° dissolve 
13. (Ling, Crett’s Annals, 1796.) It consists of 
mepuate of potagsa cu a ie Ee. | on 88 Oe “age 
4 Pulphateofamimonias’ *.! 3 Nolole, lie inl.) Bore seas 
MR ee We Perl He eet. ah fed cs) 364 oh. c, 199 
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Crystallized ammonio-sulphate of potassa 1 18] 100°0 


Pnospnuret or Porasstum is a chocolate-brown compound, which 
rapidly decomposes water, evolving phosphuretted hydrogen gas. It is 
formed by cautiously heating atomic equivalents of potassium and phos- 
phorus out of the contact of air; or by decomposing phosphuretted 
hydrogen by potassium, which, when heated in that gas, forms this phos- 
phuret and evolves pure hydrogen. The composition of this phosphuret 
_has not been accurately determined, but it is probably a protophosphuret. 
When heated with potassium it appears capable of combining with an 
additional proportion of that substance, and forms a lead-coloured com- 
pound, in which it is probable that 2 proportionals of potassium are 
combined with 1 of phosphorus. When these phosphurets are put into 
water, potassa, hypophosphite of potassa, hydrogen, and phosphuretted 
hydrogen, are the results, 

By heating potassium with glacial phosphoric acid, Gay Lussac and 
_ Thenard obtained a brown compound which decomposed water: it was 
probably a mixture of phosphuret of potassium and phosphate of potassa. 


© Hyrornospuire or Porassa ( pe+o0)+ep a 0) or (P+ D) has been 


, examined by Dulong. It is very deliquescent, and soluble in water and 
alcohol nearly in all proportions. When heated.it evolves phosphuretted 
hydrogen and phosphorus, and is converted into phosphate of potassa. 
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(Ann. de Ch. et Ph, ii. 142.) It is best prepared by mixing a solution — 
of hypophosphite of lime with one of carbonate of potassa, filtering, and 
evaporating to dryness: alcohol, digested upon the residue, takes up the — 
hypophosphite of potassa: it is uncrystallizable, but may be dried in 
vacuo. (Rose, Quarterly Journal, iv. 206.) The substance described 
by Grotthus (Ann. de Chim., xiv. 20), as resulting from the action of — 
phosphorus upon a solution of potassa, is probably this hypophosphite. q 


| ~ 
‘Puospuire or Posassa (PO+0)+( p+ 140) or (P+) is a soluble 
deliquescent uncrystallizable salt, insoluble in alcohol. (Dutone.) When 
heated, hydrogen is evolved and a neutral phosphate remains. } 


_ Paospuare or Porassa (p0+0)+(p +230) or (P+p’) or — 
Ko, P20s, is a soluble difficultly-crystallizable salt, of a cooling, urinous — 
taste, formed by adding carbonate of potassa to hot phosphoric acid till — 
the solution ceases to affect vegetable blues. It is insoluble in alcohol. — 
It may be obtained by very careful evaporation, in four-sided prisms, and 
octoédrons, composed, according to Thomson, of | 
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Crystallized phosphate of potassa 


Dipnospuare or Porassa (2P+p/) is formed by adding hydrate of 
potassa to the phosphate, and removing the excess of alkali by alcohol, — 
when the basic salt (diphosphate) falls in the form of an oily liquid. — 
(Berzettus.) It may also be obtained by adding hydrate of potassa toa — 
solution of the phosphate, evaporating to dryness, and then removing the — 
excess of potassa by alcohol: it is tasteless, insoluble in cold water, but F 
soluble in hot water, and precipitates as the solution cools,in the form of ~ 
a gritty powder: it is extremely fusible: it is soluble in nitric, hydrochloric, § 
and phosphoric acids, and the solutions are glutinous; when sufficiently ; 
diluted, the alkalis occasion no precipitate in these solutions. (THoMSON.) 3 
Tt consists of . 
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Diphosphate of potassa 132 100°00 

Birnospuats oF Porassa (P+2p7) is formed by dissolving the q 
neutral phosphate in phosphoric acid, and evaporating till crystals are — 
obtained, which are prismatic and very soluble in water, but insoluble — 
in alcohol; at a high temperature it fuses into a transparent glass. 
‘According to Mitscherlich (Ann. de Ch. et Ph., xix. 364), the biphosphate _ 
of potassa consists of an 
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Crystallized biphosphate of potassa 1 138 100°0 100°00 
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Potassium AND SeLenium. (0+ S¢.)—When these substances are 
heated together, they combine with intense action, and produce a gray 
crystalline compound, forming a deep-brown solution with water, from 
which acids evolve seleniuretted hydrogen and precipitate selenium. 
When selenium is heated with excess of potassium, an explosion 
ensues, and a compound is obtained which furnishes a red solution, and 
evolves hydrogen by the action of water. The odour and general cha- 
racters of these compounds so much resemble those with sulphur, as 
not easily to be distinguished except by the brown and red colours of 
their solutions. 

When powdered selenium is boiled in solution of potassa, a dark- 
brown solution of an hepatic taste and smell is the result, from which 
acids precipitate selenium. Fused with potassa, selenium produces 
seleniate of potassa and seleniuret of potassium. 


Porassa AND SELENIous Acw form, according to Berzelius, a neutral 
selenite of potassa (PO +0) +(SC +20) or (P+ sé), a biselenite (P +2 Se), 
and a quadriselenite (P+48@). The first is difficultly crystallizable, 
somewhat deliquescent, and insoluble in alcohol. The second forms 


plumose crystals, very sparingly soluble in alcohol. The third is 
uncrystallizable. (Ann. de Ch. et Ph., ix. 257.) 


SELENIATE OF PoTassa. ( po+0)+(se+30) or (P+Sé/).—This 
salt may be obtained by fusing nitre with selenium or selenious acid, or 
by saturating the selenic acid by potassa. From the statement of Mits- 
cherlich it consists of 
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_ Seleniate of potassa 112 100°0 


According to the same authority, the seleniates and the sulphates are 
isomorphous. (Ann. de Ch. et Ph., xxxvi. 104.) 


PorassIuM AND Carbon,—When potassa is decomposed at high tem- 
peratures by carbon, a black substance remains in the retort, which is 
probably a carburet of potassium. (pO+Car.) It takes fire upon 
water; and if plunged into that fluid evolves carburetted hydrogen. It 
is probable that several of the pyrophoric charcoals contain potassium. 


Porassa AnD Carponic Acrp.—These bodies combine in two propor- 
tions, forming the carbonate and the bicarbonate of potassa, compounds 
which have been long used and known under various names; such as 
Jjixed nitre, salt of tartar, salt of wormwood, vegetable alkali, &e. Their 
composition was first ascertained by Black. Bergman, in 1774, described 
their most essential properties. (Opuscula, vol. i., p. 13.) 


CarBoNaTE oF Porassa (0 +0) + (Car +20) or P+car' or K C, 
is a salt of great importance in many arts and manufactures, and is 
known in commerce in different states of purity, under the names of 
wood-ash, pot-ash, pearl-ash, and subcarbonale of potassa. 

It may be obtained directly, by passing carbonic acid into a solution 
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of potassa, till saturated, evaporating to dryness, and exposing the dry 5 


mass to a red-heat; or indirectly, by burning purified dartar (bitartrate - 


of potassa), lixiviating the residue, and evaporating to dryness, whence 


the name salt of tartar has been applied to it. A mixture of purified 


tartar and nitre projected into a crucible heated to dull redness, also 
affords by its combustion a residue of carbonate of potassa, which may be 
obtained by lixiviation as the preceding. . 
Carbonate of potassa is fusible without decomposition, at a red-heat; 
its specific gravity is 2°6; it is very soluble in water, which at 59° takes 


up about its own weight; it deliquesces by exposure to air, forminga 


dense solution, once called oil of tartar per deliquium. Its taste is alka- 
line, and it renders vegetable blues green. It consists, in its fused or 
anhydrous state, of 
Vauquelin. Dalton. 
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Carbonate of potassa 1 70 100°0 100 100°0 


A saturated solution of carbonate of potassa in water contains about 
48 per cent. of the salt, and has a specific gravity of 1-5. The following 
table, showing the quantity of dry carbonate of potassa in solutions of 
different specific gravities, is by Richter. (Guertin, i, 2 abt., p. 530, 
Tid. 1827.) 
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Ifa solution of this carbonate be evaporated till of a specific gravity of 


1:62 whilst warm, and then poured into a tall cylindrical glass vessel, 
and suffered slowly to cool, it furnishes crystals in long rhomboidal tables, 
which are very deliquescent. The remaining mother-liquor, when cold, 
yields further crystals on evaporation, or when long kept: in the latter 
case, the crystals are rhombic octoédra. (Brrarp, Ann. de Ch. et Ph., 
Lxxi. 50. Gesu, Scherer’s Annalen, iv. 294.) | Fabbroni afterwards. 
described these crystals, without being aware that they were previously 
known (Ann. de Ch. et Ph., xxv. 5). They consist of 
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Crystallized carbonate of potassa 2 | 88 1000 =: 100 100°0 


Carbonate of potassa is insoluble in alcohol, and is occasionally. 
employed to deprive alcohol of water. Lerzelius states, that if steam be 
passed over this salt in a red-hot tube, it$carbonic acid is expelled, and — 


ae 
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hydrated potassa formed. A few of the metals, and charcoal at very high. 
temperatures, decompose it with the production of potassium. The action 


of sulphur and of phosphorus upon this carbonate has already been 
noticed. | 


Manurscture or Porasu and Praruasn. ALKALIMETRY. — The 
great consumption of carbonate of potassa in various manufactures is 
exclusively supplied by the combustion of vegetables, and consequently 
its production is almost limited to those countries which require clearing 
of timber, or where there are vast natural forests. The Knglish market 
is chiefly supplied from North America. If any vegetable growing in 
a soil not impregnated with sea-salt be burned, the residue, which is in 
the form of a brown saline mass, contains a large relative proportion of 
carbonate of potassa, and is commonly called rough, or crude potash. If 
it be again calcined so as to burn away the carbonaceous matter entirely, 
it becomes a white mass, generally termed pearlash. 

The pearlash of commerce contains a variety of impurities (especially 
chloride of potassium and sulphate of potassa), which render it of variable 
value. In general, its purity may be judged of by its easy solubility in 


_ Water, two parts of which should entirely and easily dissolve one part of 


the salt without the aid of heat; the residue, if any, consists of impurities. 
The quantity of nitric acid of a given density, requisite to saturate a 
given weight, may also be resorted to as a criterion of its purity. 100 
parts of nitric acld, specific gravity 1-36, will saturate 65-7 parts of dry 
carbonate of potassa, which are equivalent to 45 parts of pure potassa; or, 
355 grains of diluted sulphuric acid of the specific gravity 1/141 exactly 
neutralize 100 grains of pure carbonate of potassa. Hence, if we dissolve 
100 grains of the alkali to be examined, in six or eight parts of water, 
and gradually add the test sulphuric acid till we find, by the application 
of violet or mallow paper, that the alkali is exactly neutralized, we may 
deduce, from the weight of the acid consumed, the proportion of real 
carbonate present: for as 355 is to 100, so is the weight of the test-acid 
employed to that of the pure carbonated alkali present. To save trouble, 
the acid properly diluted may be put into a glass tube, so graduated as to 
show directly the value of the alkali by the quantity consumed in its 
saturation. Thus we find, by reference to the scale of equivalents, that 
100 parts of carbonate of potassa are saturated by 70 of sulphuric acid, 
specific gravity 185. If, therefore, we put 70 grains of such acid into a 
tube divided into 100 parts, and fill it up with water, it follows that the 
quantity of carbonate of potassa existing in any sample of pearlash under 
examination, will be directly shown by the measure of such diluted acid 
required for saturation; 100 grains of the sample, if pure carbonate, 
would require the whole 100 measures of acid: but if only containing 50 
per cent. of pure carbonate, the 100 grains would be saturated by 50 
measures of the test-acid, and so on. Such graduated tubes are some- 
times called alkalimeters. 

The following directions respecting their construction and use, [ 
abstract from Mr. Farapay’s Manipulalion. Let a tube, closed at one 
end (fig. 274), of about three-fourths of an inch internal diameter, and 
nine inches and a half in length, have 1000 grains of water weighed 
into it; then let the space it occupies be graduated into 100 equal parts, 


a 
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and every ten divisions numbered from above downwards. At 23°44 
parts, or 76°56 parts from the bottom, make an extra line a little on one 
side, or even on the opposite side to the graduation, and write at it with 
a scratching diamond soda; lower down at 
48-96 parts, make another line and write potash ; 
still lower at 54°63 parts, a third line marked 
carb. soda; and at 65 parts a fourth, marked 
carb, potash. It will be observed that portions 
are measured off, beneath these marks, in the 
inverse order of the equivalent numbers of these 
substances, and consequently directly propor- 
tionate to the quantities of any particular acid, 
which will neutralize equal weights of the 
alkalis or their carbonates. As these points 
are of great importance, it will be proper to 
verify them by weighing into the tube first 350, 
then 453°7, then 510°4, and lastly 765°6 grains 
of water, which will correspond with the marks 
if they are correct. Or the graduation may be 
laid down from the surface of the four portions 
of fluid when weighed in, without reference to 
where they fall upon the general scale. The 
tube is now completed, except that it should be 
observed whether the aperture can be perfectly 
and securely covered by the thumb of the left 
hand, and if not, or if there be reason to think it not ultimately secure, 
then it should be heated and contracted until sufficiently small. 

Diluted sulphuric acid must now be prepared to be used with the 
tube. When of a specific gravity of 1:1268, it will be very nearly, if 
not accurately, of the strength required; and this may be obtained by 
mixing one part by weight of oil of vitriol of specific gravity 182, with 
four parts of water. If, when cold, the specific gravity of this diluted 
acid be as above mentioned 1°1268, it must be nearly, if not exactly, of 
the strength required; but before being admitted into use, should be 
examined experimentally. Assuming it, however, as being absolutely 
correct, it will be found that a quantity measured into the tube up to any 
one of the four marks described, is sufficient to neutralize 100 grains of 
the dry alkali or carbonate set down at the mark; consequently, if water 
be added in the tube, thus filled up to any one of the marks, until the 
100 parts are full, and the whole uniformly mixed, one part of such 
diluted acid will neutralize one grain of the alkali or carbonate named at 


274 
1000 


Potash ... + 
Carb.Soda.. 


Carb, Potash . 


the mark, up to which the tube was first filled with the acid of specific 


gravity 1°1268. 7 

When a specimen of potash, barilla, or kelp, is to be examined by 
this instrument, 100 grains are to be weighed out, dissolved in warm 
water, filtered, the insoluble portion washed, and the solution added to 
the rest; by this process the alkali will be separated from carbonate of 
lime, or other insoluble matters, which otherwise might cause errors in 
the estimation. The alkaline solution is to be put into a basin on the 


sand-bath, and then the tube and acid prepared. or this purpose some 
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of the acid, of specific gravity 1:1268, is to be poured into the tube until 
it rises up to the mark indicating the substance to be tested for; potash 
or carbonate of potash for the potash or pearlash of commerce, and soda 
or carbonate vf soda for*barilla or kelp: then water is to be added 
carefully, until the hundred parts are filled, and closing the tube with 
the finger, its contents are to be perfectly agitated and mixed. 

The alkali in the basin is now to be neutralized with the acid in the 

tube. After having once placed the thumb of the left hand over the” 
aperture of the tube, it is not to be again removed; but inverting the 
tube by turning the band so that the thumb and the mouth of the tube 
are downwards, the acid is to be let out gradually into the alkaline 
solution, by relaxing the thumb and admitting a succession of small 
bubbles of air; the hot solution beneath is to be continually stirred, so 
as to mix the acid instantly with the whole, and the operator must pro- 
_ ceed with increased caution as the point of neutralization is approached. 
Very, small quantities of the acid may be added, by slightly relaxing the 
thumb so as to permit a minute quantity, less than a drop, to flow to its 
extremity, and touching it with the glass rod; the final adjustment may 
thus be made more accurately, than by dropping the acid from the lip of 
the tube. The process must be carried on until the alkali is found by 
the test-papers to have been exactly neutralized: then the tube must be 
inverted, the thumb removed, drawing its under surface over the edge of 
the tube, so as to leave as much as possible of the fluid that otherwise 
might adhere to it, and having allowed the sides to drain, it must be 
observed how many parts of acid have been used, the number of which 
will indicate the number of grains of the alkali or carbonate, contained in 
the 100 grains of the impure alkali operated with*. 

With respect to the proper strength of the acid, it is to be examined 
in the following manner: crystals of bicarbonate of potash are to be fused 
in a platina crucible, the fluid poured out upon a clean, cold metal plate, 
and a piece of the resulting solid, estimated to be 70, 80, or 100 grains, 
weighed in water; in this way a known weight of pure carbonate of 
potash will be obtained in solution. The solution is then to be diluted, 

heated, and neutralized by acid from the tube diluted as before described, 
from the mark of carbonate of potash. If it be found that as many parts 
of the acid have been used as of grains of the carbonate weighed out, the 
acid is of proper strength: if more acid has been used, it is too weak; if 
less has been sufficient, it is too strong. Suppose for instance that 100 
grains of the salt (fused carbonate of potash) had been used, and that 90 
_ parts of the acid were sufficient; then these 90 parts ought to have occu- 
pied the 100, and consequently the 100 parts contain one-tenth too much 
acid, in consequence of the experimental acid itself containing one-tenth 
more than it ought to do. Hence the latter must be diluted with such a 


* Some of the impure sources of 
potash and soda used in the arts, contain 
amongst other substances sulphuret and 
sulphite of alkali. Both these occasion 
errors in the mode of estimation above 
described, to obviate which MM. Welter 
and Gay Lussac (Annales de Chimie, xiii. 
212) advise, that after. the soluble parts 


have been separated by water, a little 
chlorate of potash should be added to 
them, the whole evaporated and heated 
to redness. ‘This converts the sulphuret 
and sulphite into neutral sulphate, and 
then upon re-dissolving the whole, the 
caustic and carbonated alkali may he 
ascertained as above described. 
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quantity of water as will make nine volumes into ten, or by one-ninth its 
volume; for as the 90 parts used are to the 100 parts they ought to have © 
occupied, so is any number of parts by volume of the acid under trial, to 
the number of parts which it ought to occupy. The difference between 
the two last numbers will give the quantity of water in volumes, to be 
added to the acid expressed by the first of them, in order to correct it and 
make it of proper strength.. On the contrary, if it were found that the 
100 parts were insufficient, and that 10 parts more of similar acid were 


required, then there is too much water by one-eleventh of the whole in ~ 


bulk, the correction for which would be one-tenth more of the 35 parts of 
acid put into the tube up to the mark 65 carb. potassa. This tenth is 
3°5 parts, but as only a fifth of that or 0-7 parts is acid, therefore 0°7 parts 
by weight of the same oil of vitriol that was used before must be added 
for every 35 parts of the mixed acid. The correction in any other case 
may be easily made, by considering that the number of parts over a hun- 
dred which are necessary to saturate the 100 grains of carbonate of 
potash, are proportionate to the quantity of oil of vitriol which must be 
added to bring the experimental acid to proper strength: thus if 136 
parts of the diluted acid were used, then thirty-six-hundredths more of the 
weight of oil of vitriol already used must be added; and the quantity of 
oil of vitriol that was added at first being known to be one-fifth by weight, 
the additional quantity required is easily ascertained. These corrections 
are not strictly accurate, but sufficiently so to meet even the exaggerated 
cases put of a difference of 10 parts, and to bring it within the limit of 
errors of experiment. 

Sometimes instead of using test-papers, a little of the neutralized 
blue-cabbage liquor, or of infusion of litmus, may be put into the alkaline 
solution; the former immediately assumes a green tint: and by attending 
to the change effected by the addition of the acid, and noticing the point. 
when blueness is again restored to the cabbage-colour, or when the 
litmus becomes reddened, the indication of neutrality is sufficiently evi-. 
dent and accurate for general purposes. ‘The test by papers is, however, 
more precise. 

A process of neutralization, quite the same in principle, may be 
adopted for the purpose of estimating the strength of acids, but from 
circumstances it is not often used, and being easily comprehended from 
the above directions, claims no further notice here. 

The common mode of purifying pearlash consists in pouring upon it its 
weight of cold water, and stirring the mixture occasionally during twenty- 
four hours; the solution is then poured *clear off the residuary salt, and 
evaporated to dryness. In this way much impurity is separated, the 
foreign salts being, with few exceptions, much less soluble than the 
alkaline; yet some of them are taken up, and the silicated potassa which 
rough pearlash always contains, is also dissolved. The carbonate from 
tartar is more pure, but often contains lime. The purest carbonate is 
undoubtedly that obtained by exposing the crystallized bicarbonate to 
heat sufficient to expel its water and half of its carbonic acid; the salt is 
then dissolved in water, which generally leaves some silica, that has been 
rendered insoluble by the exposure to heat. If the salt be fused, this 
silica combines with the potassa and expels a portion of carbonic acid, so 


tl 


- 
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sided prisms, with diédral summits. 
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that although a certain degree of heat is required to drive off the excess 
of carbonic acid, and render the silica insoluble, too much heat causes it 
again to be taken up, and rendered soluble in water. With these pre- 
cautions, upon evaporating the solution to dryness in a silver basin, a 
very pure carbonate of potassa is obtained. Carbonate of potassa is also 
formed, as already stated, when two parts of powdered tartar (bitartrate 
of potassa) and one of nitrate of potassa, thoroughly mixed, are deflagrated 
in successive portions in an iron ladle or crucible. The residue (often 
called black flux) is lixiviated and evaporated as usual. Equal parts of 
nitre and tartar, treated in the same way, furnish white flux, in which the 
whole of the charcoal is destroyed by combustion. These fluxes are of 
much use in certain metallurgical operations, contributing to the fusibility 
of refractory earthy compounds*. 


Bicarbonate or Porasss (P-+2 Cad’) is formed by passing a cur- 
rent of carbonic acid into a solution of the pure carbonate. By evapo- 
ration at a very moderate heat, crystals are obtained in the form of four- 
They are not deliquescent. “Their 
primary form, which according to Brooke is a right oblique-angled prism, 
and their cleavages, have been described by Levy in the Quarterly Journal, 
xv, 286, and by Brooke (Ann. of Phil., N.S., vi. 42). Their taste is 


only slightly alkaline, and they require for solution four parts of water, at 


60°. Boiling water dissolves nearly its own weight of the crystals, but 
during the solution a portion of carbonic acid is evolved. Exposed to a 
red-heat, they evolve carbonic acid and water, and carbonate of potassa 


remains. This salt was first observed by Dr. Wollaston to contain exactly 


twice the quantity of carbonic acid existing in the carbonate. (Phil. 
Trans., 1808.) 
It contains, according to Berard, 9 per cent. of water. Crystallized 
bicarbonate of potassa, therefore, consists of 
Berard. 
CES REPOS, 5) > Cn ne 48 47°53 48°92 
Carbonic acid . .. «+ +. wee tk 4 43°56 . . 42°01 
TOR a es cuanto, cee. ao 8-91 9:07 
Crystals of bicarbonate of potassa = 1 101 100°00 100°60 


Graham represents this salt as a double carbonate of potassa and 
water by the formula (h+0)+(car+20)+(po+0) + (car+20). 


Its analysis by Kirwan and Pelletier would indicate two atoms of water. 


It is generally stated that during the saturation of silicated carbonate 
of potassa with carbonic acid, the whole of the silica is precipitated; but 


- this is not the case; and it will be found that during the crystallization 


* The purified Carbonate of Potassa of | the first, add nitrate of baryta, which 


the shops should be perfectly soluble in 


twice its weight of cold water. It often 


contains silica, sulphate of potassa, chloride 
of potassium, and carbonate of lime. 


To 
detect these, dissolve a hundred grains in 


excess of nitric acid diluted with eight 


parts of water; the silica, if any be pre- 


sent, remains undissolved, or may be ren- 


dered insoluble by evaporation : separate 


the solution into three equal parts; to 


causes a precipitate of sulphate ; collect, 
wash, and dry it; 100 parts are equiva- 
lent to 74 of sulphate of potassa: to the 
second, add nitrate of silver; 100 grains 
of the precipitate, washed and dried at 
a dull red-heat, are equivalent to 52 of 
chloride of potassium: to the third, add 
oxalate of ammonia, and dry the edulco- 
rated precipitate at a heat of 300°; 100 
parts are equal to 77 of carbonate of lime. 
aU. 
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quick-lime, which deprives them of carbonic acid; hence the use of that 


substance in the process for obtaining pure potassa. They are also. 


decomposed by the greater number of acids, which unite with the alkali, 
the carbonic acid being expelled with effervescence. 


SEsQUICARBONATE or PorassA.— When the solution of the bicarbonate 
is boiled until carbonic acid no longer escapes, it loses one-fourth of ‘its 
acid, and on cooling forms deliquescent crystals, insoluble in alcohol. 
The same salt is obtained by dissolving 100 parts of carbonate and 131 
of bicarbonate of potassa in water. This salt was first mentioned by Ber- 
thollet in 1809. (Brrzeuivs.) It is probably identical with that noticed 
by Thomson (Princip. of Chem., ii. 225), who states it to consist of 

ota 24 Be REE OD Sy Aree ee ee 


arbosic acid’ 2 7 of biog Ue echo FB i Pa ee ee 
Watogioie Finn Ngee tealial B24 “is of eee eee 
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Crystallized sesquicarbonate of potassa | 135 10000 


Porassium AND CYANOGEN. CYANURET OF PotTassiIumM. CYANIDE 


or Porassium. ( po+cy) or K Cy.—This compound is obtained by 
passing a current of cyanogen over heated potassium; the metal absorbs 
the gas with ignition, and yields a yellowish-gray cyanuret. It is also 
formed by saturating a concentrated solution of caustic potassa with hy- 
drocyanic acid, and boiling down in a retort till crystallization commences; 
the liquid is then poured into a porcelain capsule and heated till the 


residue is of a dull-red heat. Another mode of obtaining cyanuret of — 


potassium, and perhaps the best, consists in reducing the crystallized 
ferrocyanuret of potassium to powder, drying it, and heating it to redness 


in a covered iron vessel, letting it cool excluded from air, bruising the 


ew ae 
Rito ce @ = ost 
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porous fused mass, putting it into a glass funnel, moistening it with spirit / 3 


of wine, and then lixiviating it with cold water; the first runnings are 
colourless and concentrated, and should be rapidly evaporated to dryness 
and fused in a porcelain capsule: or the fused mass may be boiled in 


weak alcohol, and on cooling pure cyanuret of potassium is deposited, — 


A spirit of wine containing 60 per cent. of alcohol, largely dissolves cyan- 
uret of potassium at its boiling-point, but lets nearly the whole fall as it 
cools: stronger or weaker alcohol retains much more in permanent solu- 
tion. According to Wigger, cyanuret of potassium is also obtained by the 
transmission of hydrocyanic vapour from a mixture of ferrocyanuret of 
potassium and sulphuric acid, into a concentrated alcoholic solution of 
potassa; as soon as it is saturated, the cyanuret precipitates in the form 
of a crystalline powder. (Lixsie.) 


: es 


When animal substances, such as horn or dried blood, are calcined at. 
a red-heat, with half their weight of carbonate of potassa, so long as a 
blue flickering flame burns upon the surface, and after the mass has 
cooled, if it be lixiviated with a small quantity of water, a solution of 


carbonate with cyanuret of potassium is obtained, which, when filtered, 


precipitated with acetate of lime, again filtered, and mixed with alcohol, 
yields a precipitate of cyanuret of potassium. 

Cyanuret of potassium should be carefully preserved out of the contact 
of air and water; it may be fused without decomposition, provided air be 
excluded, and is not changed by a red-heat; but with the access of oxygen 
it becomes cyanate of potassa; after fusion it often crystallizes in cnbes; 
its taste is pungent and alkaline, accompanied with the flavour of hydro- 
cyanic acid. It is very soluble in water, and very little soluble in absolute 
alcohol, so that the latter throws it down from its recent and cold aqueous 


- solution; exposed to air it becomes moist and smells of hydrocyanic acid: 
.it. is very poisonous. Its solution is decomposed by the acids and by 


_ heat: the former resolve it into potassa and hydrocyanic acid: when 


heated, its elements enter into new combinations, producing ammonia, 
and carbonic and hydrocyanic acids. 

When cyanuret of potassium effervesces with the acids, it contains 
carbonate of potassa: a yellow tint indicates the presence of iron; if it 
blackens when calcined, it is contaminated by formiate of potassa. (Liz- 
BiG.) It consists of Liebig. 


Carbon pallet te eas Leas : 
emer, ts es bs 1h  , 2120 Cyanogen 1 . 26 . 39°50 . 40°24 
I 


Potassium . 40 . 60°50 Potassium 1 . 40 . 60°50 . 59°76 


a — —_—— ee —_ Ss ——— 


Cyanuret of potassium 1] 66 100°09 1 66 10000 100°00 


Cyanate oF Porassa (P0+0)+(2Cdr+N+0) or (P+CY’) is 
obtained by carefully heating a mixture of 4 parts of powdered dry ferro- 
cyanuret of potassium, and 1 of peroxide of manganese to dull redness: 
when cold, the fused mass is powdered, and boiled in alcohol of 0°86, 
which dissolyes the cyanate and deposits it on cooling. Cyanate of 
potassa is also formed by simply heating finely pulverized ferrocyanuret of 
of potassium to redness in an open iron pan, and continually stirring so as 
to expose it to the air; it absorbs oxygen, and when it begins to aggluti- 
nate in consequence of the fusion of the cyanate, it is powdered and 
digested in hot spirit of wine of sp. gr. 0°86. On cooling the filtered 
solution it deposits crystals of cyanate of potassa. Another source of this 
salt, discovered by Liebig, consists in adding melam, ammeline, or amme- 


q lide, to hydrate of potassa fused in a silver basin. (See pp. 576 and 578.) 


This salt is decomposed both by water and acids, which convert the 
cyanic acid into carbonic acid and ammonia; in fact, by exposure to air 
it exhales ammonia, and, without changing form, becomes bicarbonate of 
potassa. It crystallizes in small plates like chlorate of potassa; tastes 
like saltpetre; is anhydrous; and in close vessels excluded from air and 
moisture, may be fused without decomposition. (WouHLER, Ann. de Ch. 
et Ph., xx. 353, and xxvii. 196.) When fused with potassium it yields 


a mixture of cyanuret of potassium and -potassa; and with sulphur, a 


mixture of sulphocyanuret of potassium, sulphuret of potassium, and 
2U2 
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sulphate of potassa. When triturated with oxalic acid, both heing dry, 
oxalate of potassa is formed, and the evolved cyanic acid passes into 
that form of cyanuric acid which has been called cyamelide (p. 566). 
Cyanate of potassa consists of a 


Potasea. ons os fe chim is 40 sel BO ogee 
Cyanic acid’. .°. 1-,., 34. salon 7 40°05 


————— — —— ————s —— 


Cyanate of potassa 1 82 100°0 100°00 . 


Supnocyanurer or Porasstum. (pO+2-+2cdr+2S.)—When 5 
parts of dry ferrocyanuret of potassium, 5 of sulphur, and 1 of carbonate 
of potassa, are well mixed in fine powder and exposed to nearly a red- 
heat, the mixture fuses and takes fire; it should be stirred as long as it 
continues to burn, and kept for a few minutes in fusion. The residue, 
digested in hot water and filtered, furnishes a solution, which, evaporated 
to dryness, affords sulphocyanuret of potassium; sulphuret of iron 
remains upon the filter. The sulphocyanuret may be purified by digestion 
in alcohol, which dissolves it and leaves any carbonate of potassa that 
might have been mixed with it. The alcoholic solution when evaporated, 
leaves the pure salt, which, redissolved in water and concentrated by 
evaporation, yields prismatic crystals which are of a cooling saline taste, 
deliquescent, and anhydrous, being in form, taste, and fusibility, very 
analogous to nitre: they are soluble in boiling alcohol. 

Whether, when dissolved in water, this salt is to be considered as 
sulphocyanate of potassa, is a question similar to that which applies to. 
the analogous conversion of the sulphurets into hydrosulphates. Dis- 
tilled with phosphoric acid, the sulphocyanic acid passes over, and phos- 
phate of potassa remains in the retort. Its aqueous solution is a delicate 
test of the presence of peroxide of iron, which it throws’ down of a 
blood-red colour ; and the solution of the sulphocyanuret often acquires a 
pinkish tinge from the presence of a trace of iron. 


Sulphocyanuret of potassium is a compound of 
Borzelius, 
Potassium ©. Wo. 1% 92) 4. AAO AO BS Sea ee 
Sulphocyanogen 1 ae i} Wee Mee ie Pak 


Sulphocyanuret of potassium 1 98 109°0 100-00 
Its ultimate constituents, therefore, are 


Potassiuin | ah Se> Se ee ELE oe BO aoe 
Sulphur Me PR Pi eee om oy Rice eae 
Nitrogen Aig ca Se jaa ob Ne eens > oe 14°3 
Carbon: sass eigen oy ab 8 92 te ake sah om se ae 
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98 100°0 


59 Sulphocyanic Acid 
——— ee, 


Sulphocyanuret of potassium 1 


3 5 58 Sulpho- ean 

And assuming that, by the action cyanogen * Hydrogen 
of water, the potassium forms potassa, a 
and sulphocyanogen sulphocyanic (or  Sutruocy- 

: . ANURET OF WATER 

rather hydrosulphocyanic) acid, then Porassium 
the annexed diagram will represent 40 9 
the change. Potassiam Oxygen 


48 Potussa 


We oe oe eee oS 


CITARACTERS OF THE SALTS OF POTASSIUM, 645 


© SELENIOCYANURET OF Porassium. (PpO+N+2Car-+?2 Sé.)—Berze- 
hus formed this salt by heating a mixture of ferrocyanuret of potassium 


and selenium, and washing the fused mixture: by evaporation, anhydrous 


_ erystals of the seleniocyanuret were obtained. | 


Porasstum AND Boron.—When boracie acid is reduced by fusion 


with potassium, a brown mass results, which evolves hydrogen in water; 


probably, however, only from adhering potassium. 


Borate oF Porassa (P + bo’) is a salt which has been scarcely 
examined: it may be prepared by boiling boracic acid in solution of 
potassa, or by exposing a mixture of boracic acid and nitre to a bright 
red-heat; it furnishes by solution and evaporation quadrangular prisms, 
permanent in the air, It combines with excess of base to form a 
diborate. | 


BorornvoriveE oF Porasstum is obtained, according to Berzelius, by 
adding fluoboric acid to a solution of fluoride of potassium: a gelatinous 
precipitate falls, which, collected upon a filter, becomes opaque, and 
feels, whilst moist, like powdered starch. When dry, it has a bitterish 


‘taste; it does not redden litmus. 100 parts of cold water only dissolve 


1:4 of this salt; but it is more soluble in boiling water, and, as the solu- 
tion cools, it deposits it in small anhydrous crystals. It requires a high 
heat, long continued, for its decomposition, and is ultimately resolved 
into fluoboric gas and fluoride of potassium. 7 


Tne Satts or Potassium are upon the whole readily soluble in water, 
though less so than the salts of ammonia. They afford no precipitates 
with pure or carbonated alkalis. They produce a precipitate in solution 
of chloride of platinum. They are not changed by sulphuretted hydrogen, 
nor by ferrocyanuret of potassium. Added to sulphate of alumina, they 
enable it to crystallize, so as to form alum. The solution of potassa (and — 
of most of its salts) is well characterized by the action of tartaric acid 
and of fluosilicic acid: a strong solution of tartaric acid added to a strong 
solution of potassa or of a salt of potassa causes no precipitate till the 
point of neutralization is exceeded; excess of the acid then produces a 
crystalline precipitate of bitartrate of potassa: when the solutions are 
dilute the precipitate is slowly formed and the crystals more apparent: the 


precipitate is dissolved by the addition of hydrochloric, nitric, sulphuric, 


or oxalic acid, but not by tartaric, or by acetic acid. Solutions of car- 
bonated and caustic potassa, soda, and ammonia, dissolve the precipitate 
with ease, but the addition of a small quantity of a strong acid reproduces 
it, and it is again dissolved by a greater quantity of the same acid. Fluo- 
silicic acid produces a transparent gelatinous precipitate in solutions of 
potassa and of its salts, which is iridescent when it subsides, and dries 
into a white powder. Free hydrochloric acid renders it opalescent. An 
alcoholic solution of carbazotic acid produces a yellow crystalline precipi- 
tate in solutions of potassa and its salts. ‘The neutral soluble salts of 
potassa may for the most part be heated to redness without suffering 
decomposition, especially if air be excluded. In using the test of 
chloride of platinum to detect potassa salts, the absence of ammoniacal 
salts must be previously ascertained, as they generally produce analo- 
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‘gous effects upon that re-agent: or the platinum test may bé applied after — 


the salt has been subjected to a red heat, by which the salts of ammonia 
will have been decomposed or evaporated. 


§ IL. SODIUM. 


Sopium, (Natrium of the German chemists,) discovered by Sir H. ~ 


Davy in 1808, was obtained from soda, by an operation analogous to that 
for procuring potassium from potassa, by the gun-barrel; but the hydrate 
of soda is more difficult of decomposition than that of potassa, and the 


product of metal less certain and abundant: it may be facilitated, accord- 


ing to Thenard, by fusing the soda with a small proportion of potassa; so 
that an alloy of sodium and potassium distils over, which may be decom- 
posed by keeping it in an open vessel, covered with oil or turpentine or 
with a film of naphtha; the potassium becomes oxidized, and the sodium 
remains pure and metallic. Sodium may also be obtained by heating an 
intimate mixture of charcoal and carbonate of soda in an iron bottle, as 
in the corresponding process for potassium; this mixture is usually pre- 
pared by calcining acetate of soda. 

Soprum is soft, malleable, and easily sectile; it does not, like 
potassium, become brittle at 32°, but even at that low temperature 
several globules may be welded together by pressure. Its specific gravity, 
according to Davy, is 0°9348; according to Gay Lussac and Thenard, it 
is 0°972 at 59°. In colour it. resembles silver, but instantly tarnishes on 
exposure to air. It softens at about 122°: it fuses at about 190°, and is 
volatile at a white heat. It burns with a yellow flame when heated in con- 
tact with air, and requires the same cautions to preserve it from spon- 
taneous oxidizement as potassium. 

Soprum anD Oxycen. ProroxipE oF Sopium. Sopa. ($0+0) or 
S, or Na O, or Na.—The affinity of sodium for oxygen appears to be 
somewhat less than that of potassium. When sodium is thrown upon 
water, it produces violent action, but the metal does not in general 
inflame, unless the quantity of water be very small, so as to diminish its 
cooling power; it inflames for instance if a thin slice of it be placed upon 
a piece of moistened paper; in this case, hydrogen is evolved and soda is 
formed. By the quantity of hydrogen evolved, during this action of 
sodium on water, we learn that soda consists of about 74-6 sodium, and 
25:4 oxygen per cent.; and, if it be considered as the protoxide, the 


number representing the metal will be 24 (23°3 Gmeuin and TuRNER), © 


and anhydrous soda will consist of 


Davy. 
Sodium . 1 D4t it esi Ae ase yee 
Oxygen . 1 Gy Bb eee 
Soda 1 32 100 100°0 


Anhydrous soda is obtained in the same way as anhydrous potassa, 
and resembles it in appearance, but is less fusible and less volatile. 


Preroxipe or Soprum. Srsquioxipe or Sopium. (S0+1430.)—By 
heating sodium in oxygen, it burns vividly, and a yellowish-green peroxide 
is formed, which, by the action of water, evolves oxygen, (as is the case 
with peroxide of potassium,) and produces a solution of the protoxide. 
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Peroxide of sodium is composed, according to Davy, of an atom of sodium 
and an atom and a half of oxygen, or (280+30), but according to Millon 
it consists of 1 of sodium and 2 of oxygen (SO +20). 


‘Hyprate or Sopa or Caustic Sopa (S0+0) + (h+0) or (S+9), 
as it usually occurs in the laboratories, is obtained from the carbonate, by 
the action of lime and alcohol, as described under the head Potassa. Its 
colour is grayish-white; its specific gravity is 2-0 (Dauron); it requires a 
red heat for fusion; and when intensely heated upon charcoal, as by the 


@ oxygen or oxyhydrogen blowpipe, it evaporates and tinges the flame 


ah 
* 


yellow. Ithas the same general characters as hydrate of potassa: like it, 
it retains water at a red heat, and is deprived of it by the same means. 


It consists of 
Davy. 
epaedis hs pret lye Set Ce rb, vega 
Waters <6 ob eoce Ore ew OBE9 aia RD 


Hydrate of soda 1 41 100°0 100-0 
Like potassa, it may be obtained in crystals from its concentrated aqueous 
solution, containing a larger relative quantity of water. 
The following Table by Dalton shows the proportion of anhydrous 
soda in solutions of different specific gravities:— 
Specific gravity Dry Sodapercent. Boiling Specific gravity Dry Soda percent. Boiling 


of solution. by weight. point. of solution. by weight. point. 
15° fF Pe SSG. OP 196 OP OSE RR OPE eae 

P72 « # «- 58°3, « »« «400 138 jf Shes BHOe « 228 

163 i 0 « 466 ... .-.« 300 129 .-w ve w 190 ee oe BB4 
TieHG ay dees per 4) °S sw, 16200 } OS vars cs LO ek. a eee 
Mere. Ob, 4. +g 200 Wile. 4 eee U Jat oe 
ee. ee BER ee SE 28 riat; eens. . 214 
Pees Fo 6 BIOS hee 2B P06 ee SET Fe 8 213 


1:40. « '» 290 2. « » 242 


Hydrated soda is distinguished from hydrated potassa, by forming an 
efflorescent paste when exposed to the atmosphere: potassa, under the 
same circumstances, deliquesces. If excess of tartaric acid be added to a 
solution of soda there is no precipitation; but in solution of potassa it 
occasions a deposit of a number of minute crystals. Solution of soda 


_ occasions no precipitate when added to solution of chloride of platinum. 


Solution of potassa occasions a yellow precipitate in solution of platinum. 
In combination with acids it produces a perfectly distinct class of salts; 
its affinity for the acids is a little inferior to that of potassa. 


Cutorme or Soprum. Sea Sarr. Muriate or Sopa. (80+ C) or 
Na Cl.—Sodium when heated in chlorine burns vividly, and produces 


this compound. It consists of 
: Ura. 
Seine. ote eg a Ra gg a0 2 * ee ORNS 
Chiormns « Soa 2° SF a6 5 60-3 2 6O02 
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Chloride of sodium 1 60 100 100°00 


Chloride of sodium is decomposed when heated with potassium: 
sodium and chloride of potassium are the results. (Davy.) 
When hydrate of soda is heated in chlorine, oxygen and water are 
evolved, and chloride of sodium formed; when heated in hydrochloric acid 
gas, the water of the hydrate is first expelled, and then the oxygen of the 


S 
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soda combines with the hydrogen of the hydrochloric acid to form water, 
and the sodium and chlorine unite to form the chloride. 

Common salt exists abundantly in nature both as a solid fossil (sal 
gemme), and dissolved in spring water, and in the ocean. Extensive beds 
of it are found in Cheshire, where it is known under the name of rock-salt. 
From these sources the immense demands are supplied; that is, either 
by evaporating brine-springs, or sea-water, or quarrying it from the mine. 

When heated, chloride’of sodium falls into pieces with a crackling 
noise, or decrepitates. At a red-heat it fuses without undergoing any 
decomposition, and on cooling concretes into a hard white mass; ata 
bright-red heat it sublimes in the air, and tinges flame of a blue colour. 
It is nearly or quite insoluble in absolute alcohol. In the solubility 
of common salt in water there is this peculiarity, that it is taken up 
nearly in the same proportion by cold. and by hot water; so that, 
although its solution deposits crystals during evaporation, it does not do 
so by cooling. According to Berzelius, 1 part of salt dissolves in 214 of 
water at 60°, and in 274 of water at 212°. According to Gay Lussac, 
100 parts of water at 58° dissolve 36 of salt; at 140°, 37 parts; and at 
225°, which is the boiling-point of a ‘saturated solution, 100 parts of 
water dissolve 40°38. At 32° water dissolves rather more than at 60°. 
When pure, chloride of sodium does not alter by exposure to air, though it 
is generally more or less deliquescent, from containing chlorides of mag- 
nesium and of calcium: obtained by slow or spontaneous evaporation, it 
crystallizes in solid cubes; but when procured, as is usually the case, at a 
boiling heat, by removing its crystals from the surface of its solution 
whilst evaporating, it exhibits the form of a hollow quadrilateral pyramid. 
The crystals are anhydrous, though they often include a little interstitial 
water. Its specific gravity is 2°125. A concise account of the different . 
methods of manufacturing salt will be found in Aixin’s Dictionary, Art. 
Muriate or Sopa. See also Dumas, Chim. App. aux Arts, ii. 449, and 
Ure, Dict. of Arts and Manyf. Dr. Henry states (Phil. Trans., 1810) 
that the various forms under which salt is known in commerce, such as 
bay-salt, fishery-salt, &c., arise from modifications in the size and hard- 
ness of the grain, and not from any essential difference of composition. 
The following table includes his general results: — : 
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CHLORIDE OF SODIUM. 649 


Chloride of sodium is decomposed by moist carbonate of ammonia; 
bicarbonate of soda, sal-ammoniac, and free ammonia are formed; with 
moist carbonate of potassa, it yields chloride of potassium and carbonate 
of soda (which see). In the process for obtaining hydrochloric acid it is 
decomposed by sulphuric acid. In this decomposition, the oxygen of 
the water of the sulphuric acid is transferred to the sodium of the salt, 
the chlorine of which combines with the hydrogen of the water to produce 
hydrochloric acid gas. The oxide of sodium unites with the dry sul- 
phuric acid to produce sulphate of soda (see the diagram under Sulphate 
of Soda). Chloride of sodium is also decomposed by nitric acid; effer- 
vescence ensues, chlorine tinged with nitrous acid is evolved, and provided 
a sufficiency of nitric acid has been used, pure nitrate of soda remains 
on evaporation to dryness. When chloride of sodium is triturated with 
crystallized oxalic acid and heated, it is also decomposed; hydrochloric 
acid is evolved, and oxalate of soda formed, so that when the residue is 
heated to redness, carbonate of soda remains. When chloride of sodium 
and ferruginous clay are heated together, the silica and alumina of the 
clay are vitrified by the soda of the salt, and its chlorine combines with 


__the iron; it is upon this principle that it is used asa glaze for stone- 


ware, being thrown into the furnaces or ovens in which the articles are 
baked, it is volatilized, and decomposed upon their surfaces. 

Common salt is of most extensive use asa preservative of food, and 
as a condiment, as a source of soda and of hydrochloric acid and chlorine, 
and for various agricultural and horticultural purposes. (Quarterly Jour- 
nal, x. 52.) Glauber first obtained hydrochloric: acid from it, and the ~ 
existence of soda in it was first shown by Duhamel. Davy first demon- 
strated its true constitution. | 


CHLORIDE OF SopA. CHLORITE oF SopA. Hyrocutoritse or SopA.— 
These names have been applied to a compound formed by passing chlorine 


- into a cold and dilute solution of caustic soda, or by decomposing chloride 


of lime by carbonate of soda (as suggested by Payrn, Quart. Jour., N.S., 
i, 236). Itis powerfully bleaching and smells of chlorine: exposed to 
air it absorbs carbonic acid and evolves chlorine, hence it may be used as 
a disinfectant. When heated, it undergoes changes similar to those 
produced by passing chlorine into a strong solution of soda, that is, 
chlorate of soda and chloride of sodium are formed. A formula in which 
chlorine is passed into a solution of carbonate of soda is given in the 
Pharmacopeeia (Liquor sode chlorinate); it is more stable than the 
corresponding potassa compound, and therefore preferred for medical 
use as a disinfectant. It contains chlorite of soda, chloride of sodium, 
bicarbonate of soda, and carbonate of soda. (Dumas.) 


CHLORATE oF Sopa (S+C/) was procured by Chenevix, (Phil. 
Trans., 1802,) by the same process as chldtate of potassa, but not pos- 
sessing less solubility than chloride of sodium the two substances are 
difficultly separable. Vauquelin obtained it by saturating chloric acid 
with soda. It is also formed by mixing strong solutions of bitartrate of 
soda and chlorate of potassa, when bitartrate of potassa precipitates, and 
chlorate of soda remains in solution. Its -erystals resemble those of 
chlorate of potassa; its taste is also nearly similar. It dissolves in three 


650 IODIDE OF SODIUM. 


parts of cold water, and in somewhat less at 212°. It is more soluble 
in hydrated alcohol than chloride of sodium; hence that solvent is 
sometimes used to separate the two compounds. It is slightly deliquescent 
in very damp weather. The crystals are anhydrous, and consist of 
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Chlorate of soda — 1 108 100:00 


Iopipr or Sopium. (SO+ 1.)—TIodine and sodium act upon each 
other with the same phenomena as in the case of potassium. Iodide of 
sodium may also be formed by adding iodine to a solution of caustic soda 
and evaporating to dryness, and fusing the residue. It is contained 
in the mother-liquor of kelp, in the ashes of burned sponge, &c., and in 
those cases is resorted to as a source of iodine, and is decomposed by 
sulphuric acid and oxide of manganese (p. 371). When hydriodic 
acid is saturated with soda or carbonate of soda, we obtain a deliques- 
cent salt which crystallizes in flat rhomboidal prisms; when heated, it 
fuses and loses water of crystallization. The residue is iodide of sodium. 
When intensely heated it becomes slightly alkaline, and is volatilized. 
100 parts of water at 60° dissolve 173 of this iodide. It is also soluble 
in alcohol. It consists, when anhydrous, of 
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Iodide of sodium 1 150 100 


IopaTe or Sopa (SO+0)+(1+50) or (S+2/) ismade by dissolving 


10dine'in solution of soda; a white compound forms, which is the iadate: 


with a portion of iodide of sodium; the latter may be removed by alcohol, 

which does not dissolve the iodate. 100 parts of water at. 60° dissolve 
73 of this salt. It forms small prismatic tufted crystals, which, when 
heated, afford oxygen and iodide of sodium. (Gay Lussac, Ann. de Ch., 
xci.) “When iodine is dissolved in a weak solution of soda till the liquor 
begins to redden, and left to spontaneous evaporation, hexangular pris- 
matic crystals of ‘ang of soda are formed, soluble without decomposition 
in cold water, but resolved by hot water ‘and by alcohol into iodate of 
soda and iodide of sodium. (Domas.) 


BRoMIDE oF Sopium. (SO+ b.)—Sodium and bromine act upon each 


other with much intensity; the result isa fusible compound, soluble in 3 


water and in alcohol, and crystallizing at 86° in anhydrous cubes, but 
at lower temperatures in hexagonal tables, containing 26°37 per cen. of 
water. The anhydrous bromide consists of 
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Bromine . I 70.6 a Gag 
Bromide of sodium 1 102 100°00 
And the hexagonal hydrate of 
Mitscherlich. 
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138 100-00 100:00 
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When bromine acts upon solution of soda, bromide of sodium and 
bromate of soda (S+ b/) are the results. 


Frivuorwe or Sopium (§0+ f ) is obtained by saturating hydrofluoric 
acid with soda, and evaporating to dryness; a white and difficultly-fusible 
compound results, the aqueous solution of which, when pure, furnishes 
cubical crystals, and acts upon glass. 100 parts of water dissolve 4 of 
this fluoride, and it is not more soluble in hot than in cold water. It 
may also be obtained by mixing 10 parts of silico-fluoride of sodium with 
11-2 of dry carbonate of soda and sufficient water to form a thin paste, 


“which, when boiled, evolves carbonic acid, and concretes. When cold, it 
must be powdered and boiled with more water as long as it effervesces ; 


then filtered and evaporated (in silver, as it acts on glass,) till it erystal- 
lizes; the crystals must be redissolved and again formed, in order to 
separate adhering silica. During the formation of the crystals by slow 
evaporation, they exhibit the same luminous appearance as sulphate of 
potassa. When they retain any carbonate of soda, they are octoédral, 
but when pure, always cubic. They are insoluble in alcohol. Berzelius 


obtained a crystallizable compound of this salt with hydrofluoric acid. 


Fluoride of sodium consists of 


Sodium el oo ee peeea te binbTt 
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Fluoride of sodium 1 42 100°0 


Nirrare or Sopa, ($0-+0)-+(10-+50) or (S+2/). The cubic nitre 


of old writers. This salt, which may be obtained by neutralizing carbon- _ 
‘ate of soda by dilute nitric acid, crystallizes in rhomboids (Brooks, Ann. 


Phil., 2nd series, v. 452), soluble in 3 parts of water at 60°, in its own 
weight at 123°, and in less than its weight at 212°. (Dumas.) Berzelius 
says that one part dissolves in two of water at 60°, and Gay Lussac 
(Cours de Chimie, Paris, 1828) asserts that 100 parts of water at 32° 
dissolve 73 parts; and at 212°, 173 parts. Its solubility, as given upon 
the authority of Marx (Tuomson’s System, ii. 448), is as follows: 100 of 
water at 32° dissolve 80, at 50° 22-7, at 61° 55, and at 246° 218°5. So 
that, according to this account, its solubility at 32° is more than three 


times greater than at 50°. It has a cool sharp flavour, and is somewhat 


deliquescent in damp air, and therefore unfit for the manufacture of gun- 
powder. Berzelius found a mixture of 5 nitrate of soda, 1 charcoal, and 
1 sulphur, to burn three times more slowly than a similar mixture with 
nitrate of potassa: its flame is orange-coloured. It is often found in 
crude nitre, resulting partly, perhaps, from the decomposition of common 
salt. Large quantities of native nitrate of soda, have been discovered in 
Peru, forming a stratum covered with clay and alluvium of many miles 
in extent, and it now forms a considerable article of trade. It may be 
employed in fire-works, and used as a substitute for nitre (it being 
cheaper) in the manufacture of nitric acid, of sulphuric acid, and in 
other cases in which large quantities of nitre are consumed. It is too 


expensive as a source of soda. It is a good deal employed as a manure, 


but with doubtful advantage, so far at least as regards wheat. Nitrate of 
soda is anhydrous, and consists of 
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Wenzel. 
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Nitrate of soda. 86 100°0 100°0 


Sopium AND Ammonra. SopriAMIpE.—When sodium is heated in 
ammoniacal gas, hydrogen is disengaged, and an olive-coloured fusible 
substance formed, composed apparently of sodium and amidogen (S0+ 


N+ 2h). (See Potassiamide, p. 627.) 


Sopium anp SuLtpuur.—The account of the action of sulphur on 
potassium and potassa, and of sulphuretted hydrogen upon solution of 
potassa, applies generally to sodium and soda, and their corresponding 
compounds. Sodium and sulphur combine when gently heated, with 
vivid ignition, and form a sulphuret of sodium (SO+8). And the same 
compound may be obtained by the decomposition of sulphate of soda by 
hydrogen or by charcoal. Sulphuret of sodium is composed of 


Sodium i: <] pele 724 was peso 
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1 40 100 

BIsULPHURET OF SopiuM (S0+2S) is similarly constituted to the cor- 
responding compound of potassium. 

A concentrated aqueous solution of sulphuret of sodium yields square 
prismatic crystals of hydrosulphuret of soda, which, when heated, fuse in 
their water of crystallization and leave a white anhydrous salt. The 
solution, exposed to air, rapidly absorbs oxygen, and becomes a hyposui- 
phite. The hydrosulphurets of soda derive some additional interest as 
being produced, upon the large scale, in the principal processes for obtain- 
ing soda by the decomposition of the sulphate of soda, as will presently 
be stated. 


TiyrosuLpnitTe or Sopa (S +3) is formed by exposing a solution of 
persulphuret of sodium to the atmosphere till it becomes colourless; or 
by adding a solution of carbonate of soda to hyposulphite of lime, and 
filtering. It crystallizes in silky tufts, and when the solution is concen- 
trated the whole concretes into a crystalline mass. It deliquesces in the 
air, but under a vacuum with sulphuric acid it effloresces. Its taste is 
bitter and nauseous; when heated it fuses, dries, and takes fire, defla- 
grating with a yellow flame. It is insoluble in alcohol, which precipitates 
it from its aqueous solution. It readily dissolves chloride of silver. 

_ (Herscuer, Edinb. Phil. Jour., i. 19.) 


SurpuirE or Sopa (S+5) is crystallizable in transparent four and 
six-sided prisms, soluble in four parts of water at 60°, and in less than 
its weight of boiling-water. It consists of 32 soda+32 sulphurous acid 
= 64. The crystals contain 8 atoms of water=72. There is also a 
erystallizable besulphite of soda, obtained by passing a current of sulphu- 
rous acid gas through a solution of carbonate of soda till the liquid red- 
dens vegetable blues: it yields on evaporation four-sided rectangular 
prisms, having a sulphurous taste and smell, and reddening vegetable 
blues. (THomson, ii. 447.) Its formula according to Clark is 2($+20) 
+(SO+0) +99. 


perhaps more clearly shown 
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Hyposutenate or Sopa (S+S/) may be obtained by decomposing 
hyposulphate of baryta by sulphate of soda; or hyposulphate of manga- 
nese may be decomposed by sulphuret of sodium, and the liquid evapo- 
rated to the point of crystallization: it forms transparent four-sided 
prisms of a peculiar bitterish taste, soluble in 2:1 of water at 60°, and in 
1:1 at 212°, and insoluble in alcohol. According to Heeren (PoaceEnp. 
Annalen, vii. 77), they contain 
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Crystallized hyposulphate of soda 122 100°00 


SurpuatTe oF Sopa (S+S8’); Gravuper’s Sarr; San Mrrapine; is 
abundantly produced in various processes of the arts, by the action of 
sulphuric acid upon chloride of sodium, which consists of 24 sodium + 
36 chlorine. Sulphuric acid consists of 40 dry acid+9 water. The 
water of the acid, consisting of 1 hydrogen+8 oxygen, is decomposed. 
Its hydrogen is transferred to the chlorine to produce hydrochloric acid 
(1 hydrogen +36 chlorine), and its oxygen unites to the sodium, forming 


dry soda (8 oxygen+24 sodium). The 40 dry sulphuric acid unite to 


the 32 soda, to produce sulphate of soda, which will be represented by 
the number 72. Hydrochloric Acid 
; LE Le oC 


This decomposition is Chadring' Eydaigen 
36 1 


in the annexed diagram; the common 


original substances being  “¢f" Creer? 
printed in capitals, the pro- Water 

4 ORS ~ Sodium Oxygen 9 
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ponents in common type: heir 
the numbers are the equiva- } 

° Sulphuric 
lent weights of 1 atom of Soda Acid _ 
32 40 


the respective substances. 
Sulphate of Soda 
2 


“a 


Sulphate of soda is also a natural product. Casaseca found 
anhydrous sulphate of soda in the vicinity of Madrid; and Gimbernat 
discovered crystals of sulphate of soda in the Canton D’Argovie in Swit- 
zerland. It occurs in many mineral waters. It is also found in the 
ashes of some plants, and in some of the animal fluids. Sulphate of soda 
may be formed by saturating dilute sulphuric acid with carbonate of 
soda, and evaporating the solution. It crystallizes from its aqueous 
solution in large prisms, transparent, and efflorescent when exposed to 
air. The primary crystal is an oblique rhombic prism. (Pariies, 
Trans. Lond. Pharm.) The specific gravity of the crystals is 1-349. 
(Tuomson.) Exposed to dry air, the crystals part with between 50 and 
60 per cent. of water. 

The anhydrous salt, as above stated, is composed of er 
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72 100-0 1000 


Anhydrous sulphate of soda 
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And the ordinary crystals (decahydrated sulphate of soda) consist of 
Wenzel. 
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Crystallized sulphate ofsoda_ 1 162 1000 100°0 


The taste of sulphate of soda is saline and somewhat bitter; it is 
soluble in rather less than three times its weight of water at 60°, and 
insoluble in alcohol. The solubility of sulphate of soda in water follows 
a singular law, first observed by Gay Lussac. (Ann, de Ch, et Ph., xi.) 
After having increased rapidly to about the temperature of 92°, where it 
is at its maximum, it diminishes to 215°, and at that temperature the 
salt is nearly of the same solubility as at 87°. 


at 


At 32° 100 parts of water dissolve about 5 of anhydrous and 12 of crystallized salt. 
50 . . . 10 : 26 


60 ‘ : : ‘ - Il ° . 3l 
70 ‘ ; : ‘ ; 16 > ‘ 48 
77 ‘ ° : : . 28 ‘ . 99 
87 : . : : : 43 : : 215 
92 ° ; : : : 50 : : 322 
104 . . : : : 48 ; : 29) 
122 . ‘ 46 : ‘ 262 


When sulphate of soda is dissolved in its weight of boiling water, 
and a flask filled with it and tightly corked up, no crystallization 
generally ensues: but upon opening the flask it either immediately 
crystallizes, or does so upon. touching the solution with a solid body. 
This experiment has already been referred to (p. 115). It sometimes, 
however, happens that a portion of the galt does crystallize. forming 
quadrangular crystals, which become opaque on exposure, and which, 
for sulphate of soda, are peculiarly hard; Mr. Faraday found these com- 
posed of . 


Dry sulphate of soda 
Water > Eas Poke 
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Octohydrated sulphate of soda 144 100 


If a solution of sulphate of soda, saturated at 91:5°, is evaporated at 
a higher temperature, opaque prisms of anhydrous sulphate of soda are 


deposited, the primary form of which is a rhombic octoédron, _ Its specific 


gravity in this state is 2-462. (Harpinerr.) 100 parts of water at the 


the temperature of 57° dissolve 10:58 of this anhydrous salt, and z 


when the solution is set aside, crystals of common Glauber’s salt are 
formed. (THomson.) 

When exposed to heat, sulphate of soda undergoes watery fusion; that 
is, it melts in its water of crystallization, and a portion of anhydrous salt 
is deposited: when the water has evaporated, the residue may be raised 
to a high heat, without undergoing decomposition. At a red-heat it fuses. 
The salt which has been deprived of its water by heat has an acrid taste, 
and produces a sense of heat upon the tongue in consequence of its 
absorbing water, which it does with great avidity. 2 

Gay Lussac obtained a powerful pyrophorus, by igniting a mixture of 
lamp-black and dry sulphate of soda, analogous to that mentioned under 
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Sulphate of Potassa, (Quarterly Journal, iy. 208.) The decomposition 
of sulphate of soda for the manufacture of carbonale of soda is described 
under that salt. gets 
Bisurpuate or Sopa (S+28/) is obtained by. adding sulphuric acid 
to a hot solution of sulphate of soda. it crystallizes in rhombic prisms, 
soluble in twice their weight of water at 60°, and containing, water of 
crystallization. (Linx, Crexi’s Annals, 1796.) When a crystal of bi- 
sulphate of soda is held in the candle, it melts like ice. This salt 
liquifies at 300°, and may be kept at that temperature without much loss 
of weight. Its specific gravity is 18. At the temperature of 60°, one 
hundred parts of water dissolve 92°72 of this salt, so that it is twice as 
soluble as crystallized sulphate of soda. Its taste is very acid. (THomson, 
Ann. Phil., x. 439, 2nd series.) An anhydrous bisulphate of soda may 
be obtained by gently heating together in a platinum crucible 10 parts of 
dry sulphate of soda, and 7 of sulphuric acid (specific gravity 1°85); the 
water of the acid escapes, and the residue may then be fused: it fur- 
nishes a very soluble but not a deliquescent salt, which, when distilled 
at a high temperature, affords anhydrous sulphuric acid. (BERZELIUS.) . 
‘These salts consist of 
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Anhydrous bisulphate of soda 112 100-00 


The crystallized bisulphate of soda contains 
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Crystallized bisulphate of soda 148 100°00 


SEsQUISULPHATE OF Sopa. (S+1238/.\—According to Thomson (Ann. 
of Phil., 2nd series, x. 436), this salt is obtained when the residue after 
the decomposition of common salt by sulphuric acid in excess is dissolved 
in hot water and set aside; it usually forms the ‘first crop of crystals; 
they are transparent prisms, firmer and harder than the common sulphate, 
of an acid taste, but neither deliquescent nor efflorescent. Their specific 
gravity is 2°226 at 63°. 100 of water dissolve 25 of this salt. When 
water saturated with it is set aside, crystals of the common sulphate are 
formed: it loses but little weight even at a red-heat: it is anhydrous and 
consists of 
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Anhydrous sesquisulphate of soda = 1 92 100-00 


A sesquisulphate of soda is obtained, according to Mitscherlich, by 


adding half an equivalent of oil of vitriol to sulphate of soda, and evapo- 


rating the solution till it attains the degree of concentration necessary for 
crystallization. 


Am™MonIo-sULPHATE oF Sopa (S-+A-+2S/) is a double salt, formed 
by saturating the bisulphate*with ammonia, (Link, Cretus Annals, 
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1796, i.) or by dissolving the two sulphates in atomic proportions and 
crystallizing: it yields transparent prisms with rhombic bases, of a bitter 
taste. It consists of 
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Crystals of ammonio-sulphate of soda 183 100°00 


Sopium AND Setentum.—The. seleniuret of sodium has not been 
examined. 

SELENITE oF Sopa is very soluble and difficultly crystallizable. It 
tastes like borax. It is insoluble in alcohol, and not deliquescent. 
Biselenite of soda is also very soluble: its solution when evaporated to 
the consistence of syrup forms clusters of radiated crystals. At a red- 
heat it fuses and gives off acid so as to become neutral. Quadri-selenite 
of soda yields radiated crystals by spontaneous evaporation. (BERZELIUS.) 


SELENIATE oF SopA may be obtained by detonating a mixture of 
selenium and nitrate of soda. It is isomorphous with sulphate of soda, 
and follows the same law with regard to its solubility in water. 


Puospnurer or Soprum (S0+) possesses the general properties of 
the corresponding compound of potassium. 


Hyporuospnite or Sopa (S +p) is very soluble both in alcohol and 


water. (Ann. de Ch. et Ph., ii. 142.) It may be obtained by mixing 
hypophosphite of lime with a slight excess of carbonate of soda, filtering, 
evaporating to dryness, and digesting in alcohol, which dissolves the 
hypophosphite, and which by very careful evaporation may be obtained 
in prismatic crystals which are very deliquescent, and when heated 
evolve phosphuretted hydrogen. 


— 
Puosputre or Sopa (S+p) forms rhombic crystals, very soluble in 
water and alcohol. (Dutone.) Insoluble in alcohol. (Dumas.) 


PuosrHate or Sopa. (Ruompic.) (S0+0)+(p+2s0)+2 (h+ 0). 
There is considerable difference of opinion as to the number and compo- 
sition of the phosphates of soda. The salt commonly termed phosphate of 


soda, or rhombic phosphate, (the sal perlatum of some old writers,) is 


obtained by saturating the impure phosphoric acid, prepared from calcined 


bones by sulphuric acid (p. 484), with carbonate of soda: the liquor — 


is filtered, evaporated, and set aside to crystallize. The crystals form 
most readily in an alkaline solution: they are oblique rhombic prisms, 
(Brooke, Ann. of Phil., 2nd series, vi. 286,) always alkaline to test- 
paper, superficially efflorescent, and soluble in about 4 parts of cold 
and 2 of hot water. This salt has a slightly saline and alkaline flavour, 
and has been used in medicine as an aperient under the name of ¢as/eless 
purging salt. Its specific gravity is 1:33. Its concentrated aqueous 
solution often deposits silky crystals, but they are of the same composition 
as the other form. The crystals when heated fuse in their water of 
crystallization, and the salt afterwards runs into a clear glass, which 
becomes opaque on cooling: in this state it Nas the peculiarities of a pyro- 


— eo 


PHOSPHATES OF SODA. ) (657 


phosphate. It is deprived of half its alkali by hydrochloric acid, but not 

by acetic acid. The analyses of Berzelius and Mitscherlich, represent 

this salt, in its anhydrous state, as composed of 
Berzelius. Mitscherlich. 
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Anhydrous phosphate of soda 1 68 100 100:00 ~ 100-00 


And in its ordinary crystalline form, as containing 
Berzelius. 
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Rhombic phosphate of soda 1 176 100°0 100°00 


When a solution of this phosphate is evaporated at a temperature of 
90°, it crystallizes according to Clark (Brewster's Journal, vii. 311,) in 
a modified form with only 8 atoms of water. When dropped into nitrate 
of silver, it forms a yellow precipitate. 


SuppHospHATE of Sopa. 4 (SO+0)+(p+ 2#0)+12 (h+0).—When 
excess of caustic soda is added toa solution of the preceding salt, it yields 
on evaporation slender six-sided prisms which are permanent in the air, 
soluble in 5 parts of water at 60°, and undergo watery fusion at 170°. 
The solution of this salt absorbs carbonic acid, and is deprived of one- 
third of its alkali by the weakest acids. (Grauam.) This salt contains 
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Crystals of subphosphate of soda 1 192 * 100°0 
PyropHospHaTE oF Sopa. (SO+0)+(p+20)+5 (4+ 0).—When 


' the rhombic phosphate of soda is heated to redness, so as to expel its 


a tees 


water, and again dissolved and crystallized, it acquires a new prismatic 
crystalline form (Harpincer, Brewsrer’s Journal, vii. 314), and now 
instead of precipitating nitrate of silver yellow, as the rhombic salt does, 
it throws it down white. (See Pyrophosphoric Acid, p. 492.) According 
to Clark, it consists in this state of | atom of anhydrous phosphate and 5 
atoms of water, the elements being, 
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Crystallized pyrophosphate of soda 113 100-0 


BirHosPHATE OF Sopa, CrysTALLIZED.(SO+0)+2(p+ 0)+ 4(h +0.) 


—When phosphoric acid is added to a solution of rhombic phosphate of 


soda till it ceases to precipitate chloride of barium, it yields on evapora- 


tion very soluble crystals of an acid taste. They are generally in the 


form of right rhombic prisms, but sometimes in rectangular octoédra. 
Their solution gives a yellow precipitate with nitrate of silver. They 
consist of — 
* 121 according 10 GRARAM, 
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Crystallized biphosphate of soda 1 140 100°00 — $ 

BrevropnospuatTe or Sopa. (SO+0)+2( p+ 20) + (h+0.)—=This 
salt is formed by the application of a graduated heat to the biphosphate of 
soda; its solution has an acid reaction, and does not crystallize. At a 
temperature of 500°, it becomes nearly anhydrous, and affords a solution 
neutral to test-paper; at a higher temperature, though short of a red-heat, 
it becomes anhydrous and appears to have lost its solubility in water; at 
least it is not affected at first when thrown in powder into boiling-water, 


but gradually dissolves by continued digestion, and passes into meltaphos- 
phate. (Granam, Phil. Trans., 1833, p. 275.) It consists of 


Soda e e e e e e if ° e 32 ° e 28°3 
Phosphoric acid 2g 4 fe qe oo eee 
Water .. oe gee Eo Saree eee eee 
Bipyrophosphate of soda 1 113 100°0 


MeETAPHOSPHATE oF Sopa.—Graham thus designates an anhydrous 
biphosphate, (SO + 0)+2(p) + 20), obtained by heating the crystallized , 
biphosphate, the ammonio-phosphate, or the bipyrophosphate of soda, to _ 
redness: “metaphosphate of soda fuses at a heat which does not exceed . 

* low redness, and on cooling forms a transparent glass, deliquescent in 
damp air, and very soluble in water, but insoluble in alcohol; its solution — 
has a feeble acid reaction which can be negatived by the addition of 4 per 
cent. of carbonate of soda. When evaporated, this solution does not give 
crystals, but dries into a transparent pellicle like gum, which retains at 
the temperature of the air somewhat more than a single equivalent of 
water. Added to neutral and not very dilute solutions of earthy and 
metallic salts, metaphosphate of soda throws down insoluble hydrated — 

metaphosphates, of which the physical condition is remarkable; they are 
all soft solid or semifluid bodies, the metaphosphate of lime having the 
degree of fluidity of Venice turpentine.” 


AMMOoNIO-PHOSPHATE oF Sopa exists in human urine, whence it was _ 
procured by the early chemists under the names of microcosmic and fusible 
salt. It may be formed by dissolving 5 parts of crystallized phosphate of _ 
soda with 2 of crystallized phosphate’of ammonia, and evaporating; or, 
according to Graham, by heating together 6 or 7 parts of crystallized 
phosphate of soda, and 2 of water, till the whole is liquid, and then adding 
1 part of powdered sal-ammoniac; chloride of sodium separates, and the 
solution, filtered and concentrated, affords the double phosphate in pris- 
matic crystals; it is purified by a second crystallization. It forms trans- 
parent prisms, very fusible, and which at a red-heat lose water and 
ammonia, and leave biphosphate (metaphosphate) of soda, in the form of - 
a transparent glass. They consist, aceording to Mitscherlich, of 
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IT have already stated Mr.Graham’s 
views: respecting the modifications of 
the phosphoric acid, and that, doubling 
the atom of phosphorus, he represents 
phosphoric acid by 1 equivalent of phos- 
phorus and5 of oxygen, POs =(2p +50) 
or 2(J)-+ 250) of our equivalents. Con- 
sistently with his views of the constitu- 
tion of the acids of phosphorus, and of 
the phosphates of soda, he represents 
the latter by the annexed formule, in 
which it will be seen that the atomic 
equivalents are doubled throughout, 
and that the water of the salts is con- 
sidered partly as constitwent water, be- 
longing essentially to the salt, and 


partly as water of crystallization. Thus, | 


if we set out with his terhydrate of 
phosphoric acid (p. 492), and add to it 
1 atom of soda, only 1 atom of its con- 
stituent of water is displaced, and 2 are 
retained, and we obtain a tribasic salt, 
consisting of 1 atom of soda, and 2 of 
water, (as bases,) which is the biphos- 
phate of soda of the annexed table. If 
we add 2 atoms of soda to the terhy- 
drated phosphoric acid, (or a second 
atom of soda to the biphosphate,) we 
then displace another basic atom of 
~water, and a tribasic salt is produced 
containing 2 atoms of soda and 1 of 
water, (as dases,) which is the common 
rhombic salt, or crystallized phosphate 
of soda of the table. A third atom of 
soda, added to the last salt, displaces 
the remaining atom of basic water, and 
a tribasic phosphate is formed, of which 
the whole 3 atoms of base are soda, and 
which is the subphosphate of soda of 


the annexed table; and this salt can 


unite with no more soda. ‘The same 
three salts, Mr. Graham observes, may 


be formed by means of the tribasic 


phosphate of water in another manner. 
That acid hydrate decomposes chloride 
of sodium, but only to a certain ex- 
tent, expelling hydrochloric acid, so 
as to acquire 1 of soda, and becomes 
2HO, Na0+P0O5, or the bzphos- 
phate-of soda, (applying the old trivial 
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term.) ‘The same acid hydrate applied to the carbonate or acetate of ~ 
soda, can assume 2 atoms of soda, displacing twice as much of the 
weaker carbonic or acetic acids as of hydrochloric acid, and so becomes — 
HO, 2NaO+P0s, or the common phosphate of soda; and the same 
acid hydrate applied to the hydrate of soda, (caustic soda,) assumes 3 of 
soda and becomes 3NaQ+ P05, or the subphosphate of soda. (See 
Phosphate of Lead, and Phosphate of Silver, in further reference to this 
subject: see also Grauam’s Elements of Chemistry, p. 350.) 


PuospHate oF Sopa AND Porassa.—According to Mitscherlich there 
is a salt in which the atom of ammonia is replaced by one of potassa 
(potassa-phosphate of soda), but Mr. Graham says that it is the phosphate 
of soda with 14 atoms of water which has been mistaken for such a salt. 
(Elements, p. 476.) 


CARBONATE oF Sopa. (S+Cd%/) or Na C.—This important salt was 
formerly obtained by the combustion of certain marine plants, the ashes of 
which afforded by lixiviation the impure alkali called soda. Two kinds 
of rough soda were known in the market, barila and kelp; besides which, © 
some native carbonate of soda was also imported. Barilla is the semi- 
fused ash of the salsola soda, which was cultivated upon the Mediterranean 
shore of Spain, in the vicinity of Alicant. (Ann. de Chimie, xuix. 267.) 
Kelp consists of the ashes of sea-weeds, collected upon many of the rocky 
coasts of Britain, and burned in kilns, or merely in excavations made in 
the ground, and surrounded by stones. It seldom contains more than 5 
per cent. of carbonated alkali, and about 24 tons of sea-weed are required 
to produce 1 ton of kelp. The best produce is from the hardest fuci, such 
as the serratus, digitatus, nodosus, and vesiculosus. (MaccuLtocu’s 
Western Islands, vol. i. p. 122.) The rough alkali, contaminated by 
chlorides of potassium and sodium, and other impurities, was to a certain 
extent purified by solution in a small portion of water, filtrating the solu- 
tion, and evaporating it at a low heat: but kelp is now only important as 
‘a source of iodine (p.371). At present the British market is supplied - 
with carbonate of soda, obtained by the decomposition of sulphate of soda: 
it is manufactured to an enormous extent, at a very cheap rate, and of 
extreme purity; in many of the arts, soda has accordingly been substituted 
for potash. Small quantities of carbonate of soda are often found in an 
efflorescent form, upon walls containing lime and common salt: it also occurs ~ 
in some mineral waters. A very pure carbonate of soda may be obtained ¢ 
by calcining acetate of soda at a red heat, and lixiviating the residue. 

The following is an outline of the process by which carbonate of soda 
is now prepared. (Grauam, Elements of Chemistry. Urns Dictionary 
of Arts. Dumas, Chimie app. aux Arts.) 1. Sulphate of soda is pre- 
pared by the mutual action of equal weights of common salt and sulphurie 
acid diluted to the density 1-600: these are mixed in the chamber of a re- 
verberating furnace and the disengaged hydrochloric acid suffered to escape 
by the chimney. 2. The sulphate of soda is ground up with an equal 
weight of chalk and half its weight of powdered coal, and this mixture is 
fused in a reverberating furnace, well stirred, and then raked out into an 
iron trough where it cools and solidifies. In this state it is called ball- 
soda, ox British barilla, and contains about 22 per cent. of alkali. 3. This 
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is then broken up, placed in vats, and covered with warm water; in six 


hours the liquor is drawn, and the residue repeatedly washed till all 
soluble matters are extracted: the different liquors are then mixed and 
evaporated to dryness, by which a carbonate of soda is obtained, mixed 
with a little caustic soda and sulphuret of sodium. 4. This is further 
purified by mixing it with one-fourth its weight of sawdust, and exposing 
the mixture to a dull red heat, by which the sulphur is expelled and 
the caustic soda converted into carbonate. In this state it contains about 
50 per cent. of alkali. 5. If crystallized carbonate of soda is required, 
this dry salt is dissolved in water, and when the solution has become 
clear, it is poured off, evaporated till a pellicle forms upon the surface, 
and then run into shallow iron vessels where it crystallizes. 6. The 
mother-liquors are boiled down to dryness and yield a less pure salt, 
containing about 30 per cent. of alkali which is used for soap and glass 
making. 

In this process the sulphate of soda becomes sulphuret of sodium in 
consequence of the calcination with coal, and this sulphuret is converted 


_ into carbonate by the action of the chalk, sulphuret of calcium being also 


formed. Mr. Graham observes that this sulphuretted calcium would 
destroy the carbonate of soda if dissolved along with it in the lixiviation 
of the ball soda, but that being in combination with the lime, as an 
oxysulphuret of calcium, this does not happen; hence the necessity of 
excess of lime: he gives the following diagram in illustration of the 
process, assuming that charcoal is used instead of coal, and lime instead 
of carbonate of lime: the numbers denote equivalents. 


{ Before decomposition. 
begs Scent .. 4 Carbonic oxide 
1 Sulphate ye 


ever 1 Sodium - 1 Soda 
1 Sulphur : g : 
; 1 Oxygen ~ * 
1 lime .. { 1 Calcium Sulphuret of c 


alcium ; 
1 Lime. . 1 Lime Lime » . ,;Combined 


The soda acquires carbonic acid, either from the carbonate of lime, or 
_ from the fuel. 


The insoluble oxysulphuret of calcium in this process is known as 


soda-waste. It has, hitherto, says Mr. Graham, “been not merely 


valueless but troublesome to the manufacturer: at present an attempt is 
making to turn it to account asa source of sulphur.” Mr. Phillips has 
suggested the use of sulphate of iron obtained by the oxidation of iron 
pyrites, as a substitute for the sulphuric acid in the above process, to 
convert the chloride of sodium into sulphate of soda; in this case sulphate 
of soda, oxide of iron, and a volatile chloride of iron, are the results; or 
the salts may be dissolved and the solution exposed to a low temperature, 
when sulphate of soda crystallizes and chloride of iron remains dissolved. 
Sulphate of magnesia has also been substituted in this process, for 


sulphate of iron. 


Another mode of producing carbonate of soda, consists in the mutual 
decomposition which ensues when carbonate of ammonia and chloride 
of sodium are made to re-act upon each other in the humid way. For the 


following outline of this ingenious process, which has been patented by 
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Messrs. Dyer and Hemming, I am indebted to the latter: —“Mix ‘common 
salt with an equivalent proportion of sesqui-carbonate of ammonia, and as 


much water as will dissolve the salt. Keep the ingredients in constant — 


agitation for several hours; the result is a thick magma, Filter the liquid 


from the solid, and afterwards submit the solid to great pressure by an 
hydraulic press. The solid cake, which is chiefly bicarbonate of soda, is 
then to be heated in an iron retort till all the moisture, and one equiva- 
lent of carbonic acid, are expelled: it is now good soda-ash. The retorts 
are provided with pipes, communicating with a tank, in which the volati- 
lized carbonate of ammonia is saved. The filtered and expressed liquors 
(which chiefly contain sal-ammoniac) are distilled with lime, and yield a 
solution of caustic ammonia. This is added to an equivalent proportion 
of common salt and agitated for several hours, during which a current of 
carbonic acid, obtained from ignited coke mixed with chalk, is forced 
_ through the mixture. The vats in which this operation is performed % are 
rendered air tight, and the gas passes from one to another, and finally into 
a waste tub containing salt and water; the arrangement of the mixing 
vats being similar to that of a series of Woulfe’s bottles. The carbonic 


acid converts the caustic ammonia into carbonate, which decomposes the 


salt as it is formed: the results are treated as before described. The 
chalk from which we obtain carbonic acid, furnishes the lime for the dis- 
tilled liquors. We obtain our ammonia chiefly by distilling the ammo-~ 
niacal liquor of coal gas with lime, and redistilling with a little more lime. 
By this mode we obtain a very strong solution of caustic ammonia, some- 
what contaminated with sulphuretted hydrogen; this, however, is dis- 
placed by carbonic acid. It may be necessary to observe that we pass the 
carbonic acid throughtwo waters to wash and cool it, and as it is indis- 
pensable that our mixtures should be kept cool, the water in the coolers 
is kept about one foot deeper than the column in our mixing vats, so that 
the gas enters under pressure, and by expanding cools the mixtures. 
As we have abundance of liquid ammonia, we propose to distil our fil- 
‘tered and expressed liquors per se. By this we soon separate any free ~ 
and carbonate of ammonia; the residue is a solution of common salt and — 
sal ammoniac. At a boiling heat the common salt, being much less 
soluble than the sal ammoniac, is taken out in the solid state and used 


again. The solution of sal ammoniac is boiled to dryness, and, resublimed — 


in the usual way, furnishes an excellent article.” 

The primitive crystalline form of carbonate of | soda is an oblique 
rhombic prism, the modifications of which have been described by Mr. 
Brooke (Ann. of Phil., N. S., vi. 287). Its usual form is a rhombie 
octoédron, the acute wailed of which are truncated. Its sp. gr. is 1°62. 
It is soluble in twice its weight of water at 60°, and in less than its own 
weight at 212°. “The strongest solution that can be preserved at the — 
temperature of the atmosphere has the specific gravity 1:26; but even 
this is liable to partial crystallization.” (Henry.) Its taste is strongly 
alkaline, and it greens vegetable blues. It fuses very readily in its water 
of erystallization, and on pouring off the fused salt, a portion of anhydrous 
carbonate remains. The fused salt congeals at about 90°, Exposed to a 


, 


dry atmosphere the crystals effloresce, and gradually crumble dewn inte — 


a white powder: at a red-heat it loses the whole of its water. 


> 
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In its anhydrous state it consists of 


Berzelius. Dalton. 
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Anhydrous carbonate of soda 1 54 100°00 100°00 100°0— 
The perfect crystals, as they ordinarily occur, consist of 
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Crystals of carbonate of soda 1 144 100°00 100 


When the crystals are formed at a temperature between 80° and 90°, 
they sometimes form large right rectangular prisms, terminated by a 
four-sided pyramid; these only contain 8 equivalents of water. A satu- 
rated solution of carbonate of soda, kept for a long time at 120°, deposited 
transparent prismatic crystals, harder than the common carbonate, and 
containing only ] equivalent of water; and another variety, described by 
_ Mohs, contained 13 of water. . 

In the analysis of barilla, kelp, and other impure kinds of soda, to 

ascertain the relative proportion of soda, it may be useful to know that 
100 parts of dilute nitric acid, specific gravity 1°36, will saturate 50 parts 
of dry carbonate of soda, which are equivalent to about 29 of pure soda; 
or 460 grains of dilute sulphuric acid, specific gravity 1°14], neutralize 
100 grains of the dry carbonate. From either of these data, the quantity 
of real alkali in any sample of the rough salt may easily be calculated. 
‘But the method of ascertaining the proportion of soda, or of carbonate of 
soda, in these cases, by means of the alkalimeter, has already been 
described. (See Alkalimetry, p. 638.) 

Jt has above been stated that, when excess of chlorine is passed into 
a solution of carbonate of potassa or of soda, carbonic acid is expelled 
and chlorides and chlorates formed: by peculiar management, however, 
chlorine may be combined with a solution of carbonate of soda, and the 
resulting combination has, from the uses made of it, and the name of its 
inventor, been termed Labarraque’s disinfecting liquid. It is obtained 
as follows: 2800 grains of crystallized carbonate of soda are dissolved in 
1-28 pints of water, and being put into a Woulfe’s apparatus, the chlorine 
slowly evolved from a mixture of 967 grains of salt with 750 grains of 
black oxide of manganese, and 967 grains of sulphuric acid, previously 
diluted with 750 grains of water, is carefully passed into it. No carbonic 
acid is evolved, and a pale yellow liquid is the result; its taste is sharp, 
saline, and astringent, and it at first reddens, and then bleaches turmeric 
paper. It is but little changed by a boiling-heat, and gives out no chlo- 
rine. By careful evaporation, it furnishes crystals which produce the 
original liquid when redissolved; ‘but exposed to the air, and suffered to 
evaporate spontaneously, the chlorine escapes, and crystals of carbonate 
of soda are obtained. (Farapay, Quarterly Journal, N. S., vol. ii. p. 84.) 


7 BICARBONATE OF Sopa (S+2Car’) is formed by passing carbonic 
acid through a strong solution of the carbonate: a granular or crystalline 
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powder is deposited, which, when carefully dried at common temperatures, 
consists of 1 atom of bicarbonate of soda, with, according to some 1 atom, 


according to others 2 atoms, of water. Both combinations may probably — ; 


be formed. Mr. Graham’ represents this salt as a double carbonate of 
water and soda, by the formula (7+ Car’) + (S+ Car’), or in his symbols — 


HO, CO2 + NaO, COz. 


Bicarbonate of soda has a very slightly alkaline taste, and is much 


less soluble in water than the carbonate; requiring, according to Berthol- 


let 8, according to Rose 13, of cold water.. It loses carbonic acid if 
moistened and left in the vacuum of an air-pump, and the gas is also 
evolved when one part of the salt is boiled with four of water. In these 
cases the salt appears to be converted into a sesquicarbonate. (Quarterly 
Journal, xv. 383.) At.a red-heat bicarbonate of soda loses its water, 
and half its acid, and becomes converted into dry carbonate of soda. 

This salt, as well as the bicarbonate of potassa, may be obtained by 
treating their respective carbonates with carbonate of ammonia; pure 
ammonia is evolved and bicarbonates are formed. Bicarbonate of soda 
may also be obtained by.condensing carbonic acid upon crystals of the 


carbonate; a portion of the water of the latter salt separates, and when 


the gas ceases to be absorbed, it is found converted into a porous and 
friable bicarbonate, which must be carefully dried at a low temperature, 
otherwise it loses a portion of its carbonic acid, and becomes a sesquicar- 
bonate. The salt directed for pharmaceutical use is represented by Mr. 
Phillips as a sesquicarbonate, obtained by drying the bicarbonate “ by a 
gentle heat.” (London Pharmacopeia.) According to Graham, the bicar- 
bonate of commerce generally contains 40 per cent. of soda, owing to 
the presence of neutral carbonate, in the state of protohydrate, which last 
salt may be separated by a small quantity of water. | 

In the manufacture of this bicarbonate for the purpose of commerce 
160 lbs. of carbonate may be dissolved in 13 gallons of water, and car- 


bonic acid thrown into the solution in a proper apparatus. The bicar- 
‘bonate falls as it forms to the amount of about 50 lbs., and being separated - 


from the solution may be conveniently dried by pressure in an hydraulic 
press. <A fresh portion of carbonate is dissolved in the mother-liquor, 
and the operation repeated as before. 

Regarded as containing 1 atom of water, the components of this salt 


are 
SOda (ras mes toca me! SP ath es Wg 
Carbonic acid 2 «Ae 095 OTSA 
. Water 1 9 he uals 29°S 
Bicarbonate of soda 1 85 100.0 


SESQUICARBONATE OF Sopa. (S+13Car/.)—A carbonate of soda 
occurs alive in the Soda Lakes of Hungary, and in abundance in Africa, 
in the province of Gahena, near Fezzan. The natives call it Trona. It is 
found in hard striated crystalline masses, and is not altered by exposure to 

_air: indeed, the walls of Cassar, a fort now in ruins, are said to have 
been built of it. A very productive soda lake also exists in South 


America, in Maracaybo, one of the provinces of Venezuela. Klaproth 


and Phillips have shown that it is a compound intermediate between thé 


: 
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carbonate and bicarbonate, (Beitrédge, iii. 98, and Quarterly Journal, 
vil. 298,) consisting of | 


Phillips. 
foda 1 Bo re OOo 782 
Carbonic acid . ly Od ede. ae 
Water 2 EQ OST a ae eee os 
Sesquicarbonate of soda 1 : 83 100°0 100°0 


CYANURET oF Soprum.—Sodium and cyanogen act with the same 


phenomena as potassium and cyanogen, and the resulting cyanurets 
resemble each other. 


Borate or Sopa. Borax. (S+ bol.) —This salt, which has been 
very long known, is imported chiefly from India, in an impure state, 
covered by a soapy matter, under the name of Tincal, Pounxa, or Chry- 
socolla; when purified, it is called Borax. It is also manufactured by 
combining soda with native boracic acid imported from the South of 
Italy. This process, as well as the methods of refining Indian and 
Chinese borax, are described by Dumas. (Chim. App. aux Arts, ii.) 
Borax crystallizes in irregular hexaédral prisms, slightly efflorescent. 
Its taste is alkaline and styptic, and it has an alkaline reaction upon 
turmeric. It is soluble in 12 parts of cold and 2 of hot water. When 
heated it loses water of crystallization, and becomes a porous friable 
mass, called calcined borax. At a red-heat it runs into a transparent 
glass, which, by exposure to air, becomes opaque and pulverulent upon 
the surface. Its specific gravity in this state is 2°36. 

Anhydrous borax consists of 


Arfwedson. 
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Anbydrous borate of soda 100 100-0 


and crystallized borax, of 


Kirwan. 
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Prismatic borate of soda | 190 100°00 100 


Sulphuric acid decomposes this salt, producing sulphate of soda and 
boracic acid (p. 580). It is also decomposed by nitric and hydrochloric 
acids, and by the greater number of the vegetable acids. It has a place 
in the Pharmacopeia. It is often used as a blow-pipe flux, vitrifying 
the greater number of the metallic oxides, and forming beads of different 
colours: violet with manganese; green with iron, chrome, and copper; 
blue with cobalt; and slightly yellow with some of the colourless oxides. 
This property of borax renders it also an useful ingredient in the pastes 
which are manufactured under the name of artificial gems. In the 
reduction of the metals by charcoal, borax is often useful as forming a 
medium through which the globules fall and collect into a button, being 
at the same time protected from the air. Alone, or mixed with phosphate 
of ammonia, or soda, borax is employed to render muslin and other arti- 


a 
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cles of dress, as also paper, wood, and other materials, to a certain extent 
incombustible; this it does by covering them with a vitrifiable glaze by 
_ which the access of air-is prevented. Borax is also used in the process 
of soldering ; when, for instance, two surfaces of copper are to be soldered 
together they are scraped or rubbed clean, sprinkled with a mixture of 


powdered borax and solder-filings, and heated till the solder fuses so as 


to alloy with the copper and make a perfect joint: the borax not only 
prevents the contact of air, and consequent oxidation of the metals, but 
dissolves any oxide accidentally formed, and so retains the surfaces in 
that perfectly clean state which is requisite for their union. ~ 


OcroEpRAL Borate oF Sopa.—This salt, discovered by Payen, con- 
tains 5 instead of 10 atoms of water: it is obtained by dissolving common 
borax in boiling water till the solution has a specific gravity 1:26; it is 
then allowed to cool slowly, and between the temperatures of 174° and 
145° it deposits octoédral crystals; below that temperature, the ordinary 
prismatic crystals are formed. 

_Octoédral borax is harder than the prismatic; its specific gravity is 
1:815; it has a brilliant conchoidal fracture, and is preferred for brazing 
and soldering; its equivalent is 145, that of prismatic borax being 190. 


BororivoRie or Soprum is obtained by combining fluoride of 
sodium with fluoboric acid: it forms prismatic crystals of a bitter and 
sour taste, easily soluble in water, fusible and anhydrous, (Brrze.ius.) 


Soprum anp Porasstum form an alloy, which, if composed of one 
part of potassium and three of sodium, remains fluid at 32°. Equal parts 
of the metals form a brittle crystallizable alloy. 


Tue Sats or Sopium are soluble in water. They are not precipi- 
tated either by pure or carbonated alkalis, or hydrosulphuret of ammonia, 
or tartaric acid, or ferrocyanuret of potassium; they produce no precipi- 
tate in solution of chloride of platinum, and do not convert sulphate of 
alumina into distinctly octoédral alum. Potash and soda salts may also 
be distinguished as follows:—“ Dip a fine clean platinum wire into the 
solution of the salt to be tested; dry it over a flame of alcohol burning 
in a small saucer; then put the wire into the blue part of the flame: if 
potassa, a rich purple or lilac tint is given; if soda, a bright yellow; these 
appearances are best seen in a dark corner: the yellow colour given by 
soda is more decided than the purple by potassa, so that smaller quantities 
of the former may be thus recognised. (CiarK.) Mr. A. Taylor informs 
me that oxalic acid gives a colour to flame resembling that given by 
potassa and its salts. When potassa or a salt of potassa is added to a 
globule of fused borax and oxide of nickel before the blowpipe they com- 
municate to it a blue colour, which is not the case with soda or the salts 
of soda. But the best distinction between these two alkalis is found in 
the perfectly distinctive characters of their respective sulphates, car- 
bonates, and nitrates, and more especially in the prismatic, efflorescent and 
fusible character of the sulphate soda, 7 . 
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§ Ul. LITHIUM. 


In the analysis of a mineral found in the mines of Utd, in Sweden, 
in the year 1808,(Ann. de Ch. et Ph., x.), called petalite, M. Arfwedson 
discovered between 5 and 6 per cent. of an alkaline substance, which was 
at first supposed to be soda; but, finding that it required for its neutral- 


ization a much larger quantity of acid than soda, he was led to doubt its 


identity with that alkali, and the further prosecution of his inquiries 
fully demonstrated that it possessed peculiar properties. The mineral 
called triphane, or spodumene, also affords the same substance, to the 
amount of nearly 9 per cent., and it exists in lepidolite, in some varieties 


- of mica, in green tourmaline, bid. according to Berzelius, in the waters of 


Carlsbad, in Bohemia: the term /ithia, deduced from its lapideous origi- 
nal ‘(usBetos, lapideus), has been applied to it. 

The following is Arfwedson’s mode of obtaining lithia from the Peta- 
lite: Reduce the mineral to a fine powder, and fuse it with about half 
its weight of potassa; dissolve the fused mass in hydrochloric acid, filter, 
and evaporate to dryness; digest the dry mass in alcohol; the only sub- 
stance present, soluble in that liquid, is the chloride of lithium, which is 
taken up, and by a second solution and evaporation is obtained pure. It 
may be decomposed by digesting carbonate of silver in its aqueous solu- 
tion, by which a carbonate of lithia is formed, decomposable by lime, 3 in 
the way of the other alkaline carbonates. 

Berzelius separates lithia from spodumene or from petalite as follows: 
One part of the mineral is reduced to a fine powder with about two parts 
of fluor-spar; this mixture is made into a thin paste with sulphuric acid, 


and heated in a silver crucible as long as acid vapours are given off, and 


ultimately to redness nearly; the dry mass is then digested in water, 
filtered, boiled with caustic ammonia to precipitate any alumina that may 
be present, filtered again, and evaporated to dryness: the dry mass, after 
having been heated to redness, to expel sulphate of ammonia, is pure 
sulphate of lithia, from the solution of which the lithia may be thrown 
down in the state of carbonate, by carbonate of ammonia. 

Dumas directs as follows: Reduce the mineral containing lithia to 
fine powder, mix it with four parts of carbonate or nitrate of baryta, and 
expose it to a high heat in a platinum crucible for an hour and a half: a 
compact white mass is obtained, which is partially soluble in dilute 
hydrochloric acid; evaporate this solution till the chlorides remain dry: 
the silica may be separated by washing the residue in boiling water, 
filtering the liquor, and washing the filter; the silica remains upon the 
filter. The filtered liquor contains the chlorides of lithium, aluminum, 
barium, and iron; add to it a sufficiency of sulphuric acid to precipitate 
the barium and decompose the chlorides; saturate the excess of acid by 


- ammonia, and add carbonate of ammonia to the neutralized solution, 


which precipitates alumina and oxide of iron. One filtration is sufficient 
to separate these precipitates, and the liquor then contains sulphate and 
hydrochlorate of ammonia, and sulphate of lithia; evaporate it to dryness, 
drive off the volatile salts, and pure sulphate of lithia remains. Dissolve 
the sulphate of lithia in water, and add a sufficiency of baryta water to 
precipitate the sulphuric acid; the lithia remains in solution and may be 
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obtained by evaporating the filtered liquor to dryness. Or the sulphate 
of lithia may be decomposed by acetate of baryta; filter, and evaporate 
the solution of acetate of lithia to dryness, heat the residue in a platinum 
crucible, and fused carbonate of lithia remains; powder,and dissolve it in 
hot water, and boil it with hydrate of lime, by which it is decomposed; 
and on filtering, carbonate of lime remains, and a solution of pure lithia 
is obtained. : 


~Proroxiwe or Lirarum. Lirnta (a+ 0), L or L, is a white caus- 
tic substance, and when submitted, in the state of hydrate, to the action 
of the Voltaic pile, it is decomposed with the same phenomena as potassa 
and soda; a brilliant white and highly combustible metallic substance is 
separated at the negative pole. The properties of this metal have not 
hitherto been investigated, in consequence of the difficulty of procuring 
any quantity of its oxide. 

Hydrate of lithia is less soluble in water than potassa or soda; its 
solution tastes acrid like the other fixed alkalis. It acts powerfully on 
vegetable blues, converting them to green. It is sparingly soluble in 
alcohol. It does not deliquesce by exposure, but absorbs carbonic acid 
and becomes opaque: it affords no precipitate with chloride of platinum, 
in which it differs from potassa, but resembles soda. It attacks platinum 
in its pure and carbonated state, and hence must be fused in a silver 
crucible. When its salts are heated on platinum before the blow-pipe, 
they tinge the flame red. Its principal distinctive characters are found 
in its salts. 

Direct experiments upon the composition of lithia are yet wanting. 
By calculation from the composition of the sulphate, as analyzed by 
Vauquelin, it would appear to contain about 55-2 lithium+ 44-8 oxygen; 
by other experimentalists, nearly the same results have been admitted; so 


that the number 10 has been generally assumed as the equivalent of © 


lithium; but from the analysis of some of its salts by M. Hermann, of 
Moscow (Poccenp. xv.), as also by C. Gmelin, it appears that its atomic 
weight does not exceed 8; or even according to Hermann, 6. So that 
taking Gmelin’s results as the mean, lithia will consist of 
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Lithia 1 16 4 100 


Cntorwe or Lrrniwm. (i+ C.)—This compound is obtained by dis-_ 


solving lithia or its carbonate in hydrochloric acid, evaporating the solu- 
tion to dryness, and fusing it out of the contact of air: it is a white 
semi-transparent substance. It evidently differs from the chlorides of 
potassium and sodium, in being extremely deliquescent; in being soluble 
in-alcohol; in being decomposed when strongly heated in the open air, 


when it loses chlorine, absorbs oxygen, and becomes highly alkaline; in 


being very difficultly crystallizable in cubes; and in tinging the flame of 
alcohol of a red colour. It probably consists of 


Hermann. ~ Gmelin. 
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Iopiwe or Liraium.—The action of iodine and bromine on lithium has 
not been investigated, nor has the iodide or bromide of lithium been 
obtained by the action of hydriodic or hydrobromic acid upon lithia or its 
carbonate. 


Fivorwe or Lrrutu is very difficultly soluble. Its solution deposits 
small opaque crystals. (BERZELIvs.) 


Nitrate oF Lirata (L+7/) is a very soluble and extremely deli- 
quescent salt, fusible and decomposed by heat; its taste is cooling; it 
crystallizes in rhombic and acicular prisms; and is soluble in alcohol. It 
consists of 
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Sutpuuret or Liratum.—The action of sulphur on lithium and lithia 
appears analogous to its action on potassium and potassa, but the com- 
pounds have not been precisely examined. 


Sotpuate or Litrata (+ S/) crystallizes in small rectangular prisms, 
perfectly white, and possessed of much lustre. Their taste is saline, and 
their solubility intermediate between that of sulphate of potassa and 
sulphate of soda. The crystals contain no water, and when pure are diffi- 
cult of fusion, but they fuse at a dull red heat, if a little sulphate of lime 
be added. Their solution occasions no change in solution of platinum, 
nor in tartaric acid. This salt consists of 


' C. Gmelin. Hermann. 
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According to Gmelin, crystals of sulphate of lithia may be obtained which 
contain 1 equivalent of water, or 14°4 per cent. 


Bisuteaate or Lirata (L+28/) has been described as crystallizing 
in hexangular tables; but Berzelius denies that it is a distinct salt: he, 
however, admits that sulphate of lithia forms larger crystals when the’ 
solution contains excess of acid. 


PuospHate oF LiratA has been examined by Gmelin: it may be 
obtained by adding phosphoric acid to sulphate of lithia; no precipitate 
is at first formed, but on adding excess of ammonia, an insoluble phos- 
phate of lithia falls. This property enables us to separate lithia from 
potassa and soda. The phosphate of lithia may be decomposed by dis-: 
solving it in acetic acid, and adding acetate of lead: acetate of lithia 
remains in solution. 


BrenosPHATE oF Liruta is obtained in small crystals by dissolving the 
phosphate in phosphoric acid. 


AMMONIO-PHOSPHATE OF Lira falls in crystalline grains, when a 
mixed solution of a salt of lithia and phosphate of ammonia is evaporated; 


the phosphate must not be in excess, and the solutions should be concen- 
- trated, and the evaporation slow, lest the ammonia escape and the liquid 
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become sour. This salt resembles the ammonio-magnesian phosphate in 
appearanee, and it is fusible and evolves ammonia; but when heated with | 
nitrate of cobalt, it becomes blue, whereas the magnesian salt becomes red: 


PxospHate or Sopa AND Litata is obtained when a salt of lithia is 
mixed with phosphate of soda and evaporated to dryness. The solution 
at first becomes turbid; but the double salt is chiefly formed during the 
drying of the mass, which when digested in a little water leaves it in the 
form of a light white powder. It is insoluble in fluids containing phos- 
phoric salts, very sparingly soluble in cold water, and somewhat more 
soluble in boiling water. This salt, after exposure to a red heat, contains 
15-08 per cent. of lithia. It is so sparingly soluble in water that it may 
be resorted to for the discovery of small traces of lithia in solutions, which 
for this purpose must be mixed with carbonate of soda, evaporated to 
dryness, the residue heated red-hot and redissolved in water, by which 
all other salts precipitable by phosphoric acid are got rid of; pure phos- 
phate of soda isthen added to the solution, and it is evaporated to perfect 
dryness; when this residue is acted on by water, the double phosphate 
remains undissolved. In appearance it resembles phosphate of lime or 
magnesia, from which it may be distinguished as follows: fused with car- 
bonate of soda upon platinum-foil it is transparent, but becomes turbid on 
cooling, whereas the earthy salts do not fuse in this. way with the alkali; 
if the fusion be performed on charcoal, the fused double salt is absorbed, 
but the earthy salts remain upon the charcoal, the carbonate of soda only 
being absorbed by it. (BERZELIUs.) 


CaRBoNATE oF Lito1a. (L-+Ca7/.)—When a strong solution of 
carbonate of ammonia is added to sulphate of lithia, a white precipitate of 
carbonate of lithia is formed. According to Dumas, it is best formed by 
decomposing sulphate of lithia by acetate of baryta, and calcining the 
resulting acetate of lithia; the small remaining portions of carbonate of 
baryta and carbon are removed by digesting the pulverized acetate in 
boiling water and filtering; by slow evaporation a crust of very small 
prismatic crystals of carbonate of lithia separates. 

Carbonate of lithia requires at least 100 parts of water at 60° for its 
solution, (very difficultly soluble, or according to some insoluble, in cold 
water.) It is insoluble in alcohol. It is fusible, alkaline, effervesces 
with acids, and absorbs carbonic acid froin the air. A solution of this 


carbonate, containing only 1-1000th of its weight, acts strongly upon ve- ‘ 
getable colours. It is decomposed by lime and baryta. It consists of 
C. Gmelin. © Hermann. 
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BicarpoNate or Lrrntas.—Carbonate of lithia is slightly soluble in 
water impregnated with carbonic acid. It is said to occur in this state in 
some mineral waters in Bohemia. By spontaneous evaporation, the car- | : 


Carbonate of lithia 


bonate separates in the form of a crystalline crust. 


Borate or Litnta much resembles borate of soda: it is alkaline to 
tests. Sor i 
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. @waRacTers OF THE Sants or Lirnta.It appears from the preceding 
statement, that lithia is distinguished from potassa and soda by its greater 
saturating power in respect to acids: that is, by its lower equivalent 
number; and by forming difficultly-soluble salts with phosphoric and 
earbonic acids. Chloride of lithium is highly deliquescent, and dissolves 
in strong alcohol, which enables us to separate it from the chlorides of 

‘potassium and of sodium. This solution burns with a purplish flame, 
and the same tint is communicated to the flame of the blowpipe when 
any salt of lithia is fused upon a thin slip of platinum-foil; they also cor- 
rode that metal, and leave a yellow spot at the point of action. Lithia is 
distinguished from the alkaline earths-by forming soluble salts with sul- 
phuric and oxalic acids, and by the alkaline re-action of its carbonate 
upon vegetable colours. Its salts are not precipitated by ferrocyanuret of 
potassium, nor by infusion of galls, nor by chloride of platinum, nor by 
caustic potassa: the precipitate, by carbonate of ammonia, being car- 
bonate of lithia, re-dissolves when the liquid is diluted and boiled. 


§ Iv. CALCIUM. 


_ Tue existence of calcium, as the metallic base of lime, was first 
demonstrated by Davy in 1808; he found that when lime was rendered | 
electro-negative in contact with mercury, an amalgam was formed, which, 
by distillation, afforded a white metal: when this metal was exposed to 
air, and gently heated, it burned, and produced the oxide of calcium, or 
lime. Our knowledge of calcium, is almost limited to this single experi- 
ment, and it has never been obtained in sufficient quantity to ascertain its 
general properties: its equivalent as determined by indirect but very satis- 
factory evidence, to which we shall presently recur, may be considered 
as =20. (20:5, Turner.) 


OxIDE oF Catcium. Lime. Quick Limr. (cal +0) or ©, or Cac 
Lime may be obtained in a state of considerable purity by exposing 
powdered white marble to a white-heat for an hour, in an open crucible, 


__ which expels the carbonic acid. To obtain absolutely pure lime, white 
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marble may be dissolved in dilute hydrochloric acid, a little caustic am- 


- monia added to the solution, and filtered: carbonate of. ammonia is then 


added, and the precipitate washed, dried, and exposed for a sufficient 
time to a white-heat. This exposure to heat must always take place in 
an open vessel, for in a close vessel, out of the contact of air, the decom- 


© position of carbonate of lime is very imperfect: indeed, powdered marble 


_. may be kept for many hours at a red-heat, without losing any carbonic 


ane 
= i 


acid, provided air and moisture be carefully excluded, but when a current 
of air or steam is passed over it, they constitute a medium into which 
carbonic acid has a tendency to diffuse. (See p. 382 and 233; also 
Grauam’s Elements, p.187.) To obtain lime perfectly free from all traces 
of carbonic acid, the carbonate should first be heated in an open vessel, 
the lime thus obtained converted into a hydrate, and this again heated: 
all carbonic acid is thus effectually expelled. 

Pure lime is white, or of a very pale gray tint; it is acrid and caustic, 
and has a powerful alkaline reaction on the usual tests, its Specific 
gravity is 2°3 (3°08, Dumas); it is very difficult of fusion, but remarka- 


ja : ) SLIME, 


bly. promotes the fusion of some other oxides, and is therefore used in 


several metallurgic processes-as a cheap and powerful flux. When quite — 


pure it can only be fused in very minute particles by the oxygen blow- 
pipe, or by the Voltaic flame. When intensely heated, as, for instance, 
by the oxyhydrogen blowpipe, it is remarkable for its luminosity; and at 
this very high temperature a minute quantity is volatilized (p. 224). . It 


is an essential ingredient in mortar and other cements used in building. ° 


Exposed to air it absorbs water and carbonic acid, and losing its causticity 
becomes partially converted into carbonate of lime; so that when used as 
a manure it should be ploughed into the soil as speedily as possible, and 
not left in heaps upon the surface. 

From the concurrent testimony of different analysts, the number 28 is 
assumed as the equivalent of lime (28°5, Turner); and as it is the prof- 


oxide of calcium, it consists of 
Berzelius. Davy. 
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Lime 1 28 100°0 100°00 100°0 


Hyprate or Linz. Staxep Lime. (C+q.)—When a small quantity 
of water is poured upon lime, a great rise of temperature ensues from the 
solidification of a portion of the water, and a bulky white-powder is 
obtained, which is a hydrate. The rise of temperature is so great when 
large heaps of good lime are suddenly slaked, as to inflame gunpowder 
and scorch wood; it certainly exceeds 500°, and when the operation is 
performed in a dark place light is also evolved. (PELLETIER. ) 

Hydrate of lime may be obtained in a crystalline form by placing lime- 
water under the receiver of an air-pump, containing another vessel of 
sulphuric acid. The water is thus slowly evaporated, and imperfect six- 
sided crystals are formed. (Gay Lussac, Ann. de Ch. et Ph., i. 334.) In 
composition these crystals resemble the pulverulent hydrate. Exposed to 
the air, they gradually crumble down into carbonate of lime. Hydrate 


of lime is a compound of 
Dalton. Gay Lussac. 
Crystallised. 
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Hydrate of lime 1 37 100°0 100 100:00 

Lime-waterR.—At a temperature of 60°, 750 parts of water are re- 
quired for the solution of one part of lime. Boiling water, howeyer, as 
Mr. Dalton first observed (New System of Chem. Phil.), does not dissolve 
so large a quantity; one part of lime requires, according to Phillips, 1280 
parts of water at 212° for its solution (Aun. of Phil., N. S., 1. 107); and 
water at 32° has its solvent power much augmented, one part of lime being 
soluble in 656 of water at that temperature. When lime-water is boiled, 
a portion of the lime is therefore precipitated; or aggregated, according 
to Phillips, into small crystalline grains. The cause of this crystallization 
he refers “to the effect which heat sometimes produces, of increasing 
instead of diminishing the attraction of cohesion, where this attraction is 
associated with a tendency to crystallize. This crystalline attraction, 
increased by that of the lime for a definite portion of water, is then 
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greater than the attraction of the hydrate of lime for the water of solution, 
and the consequence is that crystals are formed.” Lime-water is limpid 
and colourless; its taste is nauseous, acrid, and strongly alkaline, and 
although the quantity of lime which ‘it ‘contains is relatively small, its 
alkaline reaction ‘upon tests is‘very marked; it powerfully reddens tur- 
meric, and changes the blue of violets and cabbage-liquor to green. It is 
usually prepared by pouring warm water upon powdered lime, and 
allowing the mixture to cool in a close vessel; the clear part is then 
decanted from the remaining undissolved portion of lime. When lime- 
water is exposed to the air, a pellicle of carbonate of lime forms upon its 
surface, which, if broken, is succeeded by others, until the whole of the 
lime is thus separatedt in ‘the form of an iscluble carbonate. Lime-water 
is used in medicine as an antacid. What is termed milk or cream of lime 
is merely hydrate of lime diffused through lime-water. 


PEROXIDE OF Catcium. _ Binox1pE or Catcium. (cal +20.)—When 
oxygen is passed over heated lime, it is absorbed, and a peroxide of 
calcium is formed; its general properties resemble those of the binoxides 

of barium and strontium. A hydrated peroxide of calcium is thrown 
down in the form of small brilliant scales, according to Thenard, when 
lime-water is cropped into oxygenated water. Peroxide of calcium 
consists of Thenard. 
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Peroxide of calcium 36 100°0 


Cutorme or Catcium. Muriare or Lime. (cal+ c.)—This com- 
pound occurs in sea-water and in some saline springs and mineral waters, 
when it is generally accompanied by traces of bromine and sometimes at 
iodine; it is produced artificially by heating lime in chlorine, in which 
case oxygen is evolved equal in volume to half. that of the absorbed 
chlorine. It is also formed when carbonate of lime is decomposed by the 
action of hydrochloric acid, the resulting solution evaporated to dryness, 

and the residue exposed to a red heat in closed vessels. It has a strong 
attraction for water; it soon deliquesces when exposed to air, and becomes 
what used to be called oz! of lime. Hence it is that fused chloride of 
_ calcium, broken into small pieces, is frequently employed to deprive gases 
of their aqueous vapour; but when thus used, its absorptive powers in 
regard to some gases must not be overlooked. Its taste is bitter and 
acrid. One part of water at 60°, dissolves four parts of this chloride; its 
solubility, however, is greatly influenced by temperature, for at 32° one 
part of water will not dissolve more than two of the salt, and at 212° it 
_ takes up nearly any quantity. It is copiously soluble in alcohol, and much 
heat is evolved during the solution. Ten parts of anhydrous alcohol 
dissolve seven of chloride of calcium at the boiling point, and the solution 
_ in cold weather affords crystals in rectangular scales, which are an alcoate 
_ containing about 60 per cent. of alcohol instead of water of crystallization. | 
pone ) When fused it acquires a phosphorescent property, as was 
first observed by Homberg, and hence it was termed Homberg’s phos- 
_ phorus. It is abundantly produced in the manufacture of carbonate of 
: ammonia, from the decomposition of hydrochlorate of ammonia by lime, 


2¥ 


a ae 


674 “CHLORIDE OF LIME. 


“and ‘hence has sometimes been called fixed sal-ammoniac. (See the dia+ 
grams, pp. 427 and 533.) Chloride of calcium consists of ae 
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Chloride of calcium 1 56 100:0 100°0 


Pelletier says that when carbonic acid is passed through a solution of 


chloride of calcium, the whole becomes a hard solid mass. If sulphuric 
acid be poured into a strong solution of chloride of calcium, the whole 
congeals into a solid mass of sulphate of lime, and hydrochloric acid 
“escapes. 


Hypratep Cuioripe oF Caxctum is obtained by evaporating the 
aqueous solution to the consistence of a thick syrup; on cooling, it con- 
cretes into a crystalline mass, which may be reduced to powder: in this 
state it is used in frigorific mixtures, to mix with snow (p. 169). By 
exposing a strong aqueous solution of chloride of calcium to a cold of 
32°, it yields striated four-sided prisms, consisting of 

Chloride of calcium . .. 1. . 56 . . 509 
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Hydrated chloride of calcium 1 110 100°0 


OxycnLorwe or Catcrum.—When hydrate of lime is boiled in a 
solution of chloride of calcium, it is dissolved, and if the solution be 
filtered while hot, it deposits flat prismatic crystals which contain 49 per 
cent. of water, and which are decomposed both by water and alcohol. 
These crystals are composed of 3 equivalents of lime, 1 of chloride of 
calcium, and 15 of water. 


- Ammonto-Cntoripn or Catcrum.—Faraday has shown (Quart. Journ., 
_ Y. 74) that chloride of calcium absorbs large quantities of ammoniacal gas, 
during which it swells, cracks, splits in all directions, and at last crumbles 


down into a white powder. Exposed to the atmosphere it deliquesces — 


less rapidly than the original chloride, Thrown into water it dissolves, 
forming a strong alkaline solution. Heated, it gives off ammonia, and the 
chloride remains unchanged. Immersed into chlorine, the ammonia burns 


off spontaneously with a pale-yellow flame. Faraday found that 19 grains - 


of this compound gave off 19:4 cubic inches of ammonia; it probably, 
therefore, consists of ok 
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Ammonio-chloride of calcium 73 100°0 


Cuore oF Lime. OxyMuRIATE oF Lime.—This compound is abun- 


dantly employed as a bleaching material; it was first manufactured by the - 


late Mr. Tennant, of Glasgow, who obtained a patent for it in 1799; it — 


was made by passing chlorine into chambers containing hydrate of lime 
in fine powder, by which the gas is copiously absorbed, care being taken to 
suppress the extrication of heat. An account of the apparatus and ma- 
chinery employed by the wholesale makers of this article, together with 
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in the adjoining figure, and graduated into cubic 


_eap-plug rendered air-tight by leather. Remove 


’ made to flow up through the mercury. Instantly on 
its coming into contact with the pellet, the chlorine is 
disengaged, the mercury flows out into a basin ready 
to receive it, while the resulting film of muriate of 
lime protects the surface of the metal almost com- 
pletely from the gas. With an apparatus of this 
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many valuable remarks upon its composition and analysis, will be found in‘ 
Ure's: Dictionary of Arts and Manufactures. It isa dry white powder, 


smelling feebly of chlorine, and having an acrid taste: it is partially solu- 


ble in water, and the solution, which is used under the name of bleaching 
liquor, contains both chlorine and lime. Exposed to air it slowly evolves 
chlorine and absorbs carbonic acid; ultimately some chloride of calcium 
is formed, and it deliquesces. When heated, it gives off oxygen, and 
chloride of calcium results, an experiment which shows the superior 
attraction of calcium for chlorine as compared with oxygen, the latter 
being expelled from the lime. 

The solution obtained by digesting bleaching powder in distilled water 
has a strong alkaline reaction upon most of the usual tests, and its 
bleaching power is only slowly developed unless some acid be added, 
when it is powerful and immediate: thus it is that the calico printers pro- 
duce white figures upon coloured ground by printing the pattern intended 
to be brought out upon the coloured calico, in citric or tartaric acid 


_ thickened with starch or gum; the goods are then rapidly wound through 


a properly adjusted solution of chloride of lime, and the bleaching power 
only shows itself where the acid pattern had begn previously applied; in 
the same way a solution of the chloride may be coloured blue by litmus, 
or green by red cabbage, or brown by turmeric, and on the addition of a 
few: drops of acid the colour immediately disappears, By exposure to air 
the absorption of carbonic acid effects the same change, and the evolution 
of that acid in respiration is well shown by tinging a weak solution of 
chloride of lime blue by litmus, and then breathing through it by means 
of a tube, when the blue colour gradually disappears; an illustration, for 
which I am indebted to Mr. Alfred Taylor, of Guy’s Hospital. 

Dr. Ure has contrived an instrument for the speedy analysis of 
bleaching powder for the purposes of the artist, by which the quantity of 


_ chlorine in any given sample may be determined. 


(Quarterly Journal, xiii. 21.) “It consists of a glass 
tube, of about five cave inches capacity, shaped as 


inches and tenths. It is to be closed at top witha 
brass screw cap, and, at its recurved end below, with 
a good cork. Pour mercury into the upper orifice, 
till the tube be nearly full, leaving merely space to 
insert ten grains of the bleaching-powder, made-into 
a pellet-form with a drop of water. Screw in the 


now the cork from the lower end, (also full of mer- 
cury,) and replace a little of the liquid metal by 
dilute hydrochloric acid (specific gravity 1:1). 

dexterous inclination of the instrument, the acid is 


2Y2 
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kind, which indeed is the same as that which I have long used for 
analyzing limestones and marbles, I get good accordances with the results 
derived from the loss of weight suffered by a like quantity of the chloride, 
when it is dissolved in dilute hydrochloric acid. Since a cubic inch of 
chlorine may be estimated in round numbers at 7 of a grain, we may 
expect 10 grains of bleaching-powder to yield from 3 to 4 cubic inches of 
that gas, or by weight from 20 to 30 per cent., a wide range of power, 


& 


= 


which it is well worth the bleacher’s or paper-maker’s while to ascertain. _ 


If carbonic acid be suspected, we need only agitate the mercury through 
the gas, adding some of the metal from time to time as the absorption 
proceeds, The carbonic acid will remain uncondensed at the top, and 
may be estimated in the usual way.” 

Another mode of determining the commercial value of chloride of lime, 
consists in ascertaining its bleaching power by its effect upon a standard 
solution of indigo; directions for this purpose have been drawn up by 
Gay Lussac (Ann. of Phil., xxiv. 218). Morin (Ann. de Ch. set : Pls 
xxxvii. 142) tests it by solution of protochloride of manganese, deter- 
mining its proportion of chlorine by the quantity of peroxide of man- 
ganese which it throws down; but the free lime present seriously interferes 
with the practical application of this test. 

The composition of bleaching powder has been variously stated. 
Dalton (Ann. of Phil., i. 15, and ii. 6) considers it as a hydrated sub- 
chloride of lime, containing 2 proportionals of lime and 1 of chlorine; 
and the same opinion is adopted by Thomson (Ann. of Phil., xv. 401), 
and by Welter (Ann. de Ch. et Ph., vii. 383). Dr. Ure, however, shows 
in the paper already quoted, that the quantity of chlorine absorbed is 
variable; he analyzed a specimen of good commercial bleaching powder, 
and found it composed of 46 lime, 23 chlorine, and 31 water: a specimen 
prepared by himself with pure hydrate of lime contained 45-40 lime, 
40°32 chlorine, and 14:28 water; and he found the condensation of chlo- 


rine to vary with the pressure, the degree of exposure, and the quantity of — 


‘ water present. Upon the whole, it is not improbable that bleaching pow- 
der consists of a chloride of lime, containing 1 proportional of chlorine 
and 1 of lime, mixed with a varying proportion of hydrate of lime; and 
that when water acts upon the compound the solution contains a chloride of 
lime. Berzelius regards bleaching powder as a compound of chloride of 


calcium and chlorite of lime, and this opinion is said to be sanctioned by - 


Balard’s researches already quoted (p. 367), but if chlorite or hypochlorite 
of lime were formed by the action of chlorine upon pulverulent hydrate of 
lime, a large proportion of chloride of calcium must at the same time be 
produced, and we have no evidence of the existence of more than a trace 
of chloride of calcium in well-made bleaching powder. A specimen of 
chloride of lime of the best quality usually sold in London, consisted of 
1 equivalent of chlorine, 2 of lime, and 2 of water. More lately this 
subject has been studied by Millon (Jour. de Pharm., September, 1839), 
but without any important practical results; he, however, finds that many 
of the precipitates formed in metallic solutions by the addition of a solu- 
tion of chloride of lime, consist of 1 equivalent of the metallic oxide 
combined with 1 of chlorine; as if, therefore, setting out with the binoxide 
of a metal, 1 equivalent of oxygen had been replaced by 1 of chlorine. 
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CuioraTE or Lime (C+C’) is a very soluble deliquescent salt of a 
sharp bitterish taste, difficultly crystallizable, and soluble in alcohol, 
During its solution upon the tongue, or in water, it produces cold. It 
is most easily formed by dissolving carbonate of lime in chloric acid. 
Exposed to heat, oxygen is evolved, and a chloride remains. From 


Chenevix's analysis the crystals probably contain 2 atoms of water. 


Jopipe or Catcium (Cal+ 72) is obtained by dissolving carbonate of 
lime in hydriodic acid, evaporating to dryness, and heating the residue in 
a close vessel till it fuses; it may also be obtained by digesting hydrate 
of lime with protiodide of iron: it is a deliquescent gray substance, 
which, heated in the air, absorbs oxygen and evolves iodine. 

_. Dissolved in water and slowly evaporated, it furnishes deliquescent 
crystals, usually called hydriodate of lime; they are composed of the 
iodide and water. The iodide consists of 


olsiiiie saree. oe dee, foe 200) Ph 1388 
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Iodide of calcium 1 146 100°0 


Topate or Lime. (C+2/.)—This salt is formed by dissolving car- 
bonate of lime in iodic acid; it also gradually crystallizes out of a mixed 
solution of iodate of potassa and chloride of calcium: it forms small 
prismatic crystals soluble in 5 of cold and 1 of boiling water, and 
containing 3 per cent. of water. (Gay Lussac, Ann. de Chimie, yol. 
merap: 84.)¢ ae ie oa 
Brome or Carcrum (cal+b) was obtained by M. Henry by 
digesting hydrate of lime in a solution of protobromide of iron; it forms 
deliquescent acicules soluble in alcohol and water; it fuses and is par- 
tially decomposed when heated in open vessels. 


Bromate oF Lime (C+6% has not been examined. 


Fivorwe or Carcrum. Frivor-Srar. (cal + J)—This compound 
may be produced artificially by saturating dilute hydrofluoric acid with 
newly-precipitated and moist carbonate of lime, and may thus easily be 


— collected, and dried in the form of white powder. If obtained by precipi- 


tating a neutral salt of lime with a soluble fluoride, it forms a gelatinous 


; mass, the precipitation of which is accelerated by the addition of caustic 


ammonia. 
Native fluoride of calcium, or fluor-spar, is a mineral found in many 


‘parts of the world, but in great beauty and abundance in England, and 
especially in Derbyshire, where it is commonly called blue John. Tt is 


usually found in cubic crystals, which may easily be cleaved into octoédra, 


and tetraédra (p. 124). Its colours are extremely various. Its specific 


gravity ==3. It phosphoresces when exposed to a heat a little below 
redness (p. 217), and at a red heat it fuses: it is sometimes used as a flux 
for promoting the fusion of other minerals, hence its German name Flus- 
spath, and the English Fluor. It generally oceurs in veins; in the Odin 


_ mine at Castleton, in Derbyshire, it is found in detached masses, from an 


inch to more than a foot in thickness; their structure is divergent, and 
the colours, which are various, disposed in concentric bands. It is the 


_ 


678 NITRATE OF LIME. 


only variety which admits of being turned in the lathe into vases and 
other ornamental articles. Compact fluor is a scarce variety: the finest 


specimens come from the Hartz. A third variety is chlorophane, so 


called from the beautiful pale-green light which it exhibits when heated. 
The nature of the colouring-matter of blue and green fluor-spar is not 


exactly understood. It is liable to fade, and the blue varieties become 8 


xed and brown by heat. 


Fluoride of calcium exists, according to Berzelius, in bones, urine, 
and the enamel of the teeth, in the human subject; he also found it in 
minute quantities in some of the Carlsbad waters. . 

Pure fluoride of calcium is not decomposed by cold sulphuric acid, 
but forms with it a transparent viscid mixture. At a temperature of 
about 100° its decomposition begins, sulphate of lime forms, hydrofluoric 
acid is evolved, and the mixture grows opaque. If the fluor-spar con- 
tain silica, then sulphuric acid immediately acts upon it, evolving silico- 
fuoric acid. Concentrated hydrochloric and nitric acids dissolve fluoride 
of calcium without decomposition, and become milky when diluted; but 
*t ig doubtful whether such solutions are formed when the fluoride is 
perfectly pure. It is scarcely soluble in hydrofluoric acid. Fused with 
carbonate of potassa, carbonate of lime and fluoride of potassium are 


produced. It is now generally admitted to be a binary compound of 7 


calcium and fluorine, consisting of 
Davy. 
Calcium riiee MRR. le rere RS i Fie 
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Fluoride of calcium = 1 38 100°0 100-000 
Nireats or Linz. (C+2/.)—This is a deliquescent salt, soluble in 


one-fourth its weight of water at 60°. It is found in old plaster and — 


mortar, from the washing of which, nitre is procured by the addition of 
carbonate of potassa. It sometimes occurs in spring water; I have detected 


it in several samples sent to me for analysis by the Directors of the 


South-Western Railway, and elsewhere in the vicinity of London. Berze- 
lius mentions it as accompanying nitrate of magnesia, in the well-waters 
of Stockholm. 

The production of this salt in artificial nitre-beds hag already been 


adverted to (p. 620). It may be crystallized, by very slow evaporation, in _ 


six-sided prisms, containing according to Bergman about 25 per cent. of — 
water; but when obtained from a solution evaporated very low, and: set: — 


aside in the cold, it appears in the form of groups of acicular crystals. . 


It is soluble in an equal weight of boiling alcohol. When exposed to a 
moderate heat, it undergoes watery fusion; the water then evaporates 
and the salt fuses; on cooling it concretes into a semi-transparent phos- 
phorescent substance, called from the discoverer of this property Balduin’s 


phosphorus. (Bircu’s History of the R. S., iii, 328.) Ata red heat it is — 


decomposed; its acid is dissipated, and pure lime remains, Anhydrous 
nitrate of lime consists of 
Wenzel. 
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“Nitrate of lime 
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SutpHurer or Catcrum (cal+s) is formed by passing sulphuretted 
hydrogen, or the vapour of sulphuret of carbon, over red-hot lime. It 
is also formed by the action of charcoal or of, hydrogen upon sulphate of 
lime at ared heat. It is of a reddish tint, slowly acted upon by water, 
forming a colourless solution of an hepatic and alkaline taste. When 
freshly prepared it is phosphorescent in a dark place, as was first observed 
by Canton. When its solution is carefully evaporated in vacuo it deposits. 
small cubic crystals, 


Hyprosutenurer or Line (cal+ 0)+(s+h) is obtained by pass- 
ing sulphuretted hydrogen through a mixture of quick-lime and water. 
The solution has an hepatic, acrid, and bitter taste, but it yields no crys~ 
tals of hydrosulphuret; for when evaporated, sulphuretted hydrogen 
escapes, and crystals of sulphuret of calcium are then deposited. 

When three parts of slaked lime and one of sulphur are boiled in 
twenty parts of water, and the solution allowed to cool upon the sediment, 
crystals are formed, which may be dried by exposure to the absorbent 
power of a large surface of sulphuric acid, placed under an exhausted 
receiver. Their form is that of quadrilateral prisms, with diédral sum- 
mits. ‘They are sparingly soluble in cold water, the solution having a 
yellow colour, and an acrid, bitter, and sulphurous taste. They consist, 
according to Herschel (Edin. Phil. Journ., i. 11), of 


Herschel. 
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So that, excluding water, these crystals contain 2 atoms of lime and 
1 atom of bisulphuret of hydrogen. They are generally represented as a 
bisulphuret of calcium, but such is not the result of Herschel’s analysis. 


Penrasvtpuuret or Caucrum. (ca/+58.)—When the protosulphu- 
ret of calcium and sulphur are boiled together in water the sulphur con- 
tinues to be dissolved till the lime has combined with 5 equivalents of it. 
A similar persulphuret is also formed when lime and excess of sulphur 
are boiled together with water, but in this case hyposulphite of lime and 
a portion of bisulphuret of calcium (Herschel’s salt?) are also formed. 
(Berzextus.) Persulphuret of lime was proposed many years ago in 
_ Treland as a substitute for potash ley in bleaching. 


ae 

Hyposvtenite oF Liwe. (C+ $.)—When sulphurous acid is ground 
in a mortar with ‘crystals of Herschel’s hydrosulphuret it loses its odour, 
and when filtered it is found to be a solution of hyposulphite of lime. 
By passing sulphurous acid through an aqueous solution of sulphuret of 
calcium, the same product is obtained; and if the solution be filtered and 
evaporated, at a temperature not exceeding 140°, it furnishes hexagonal 
crystals: the temperature of ebullition decomposes it. The crystals are 
little altered by air, very soluble in water, and insoluble in alcohol. 
They consist of 


* 
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‘ _ ‘ Herschel. 
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Crystals of hyposulphite of lime 130 — 100°0 

This salt has lately been employed as a means se removing the salte 
of silver from photogenic drawings, so as to render them permanent when 
exposed to light (see Sirver). Mr. Alfred Taylor, in his paper On the 
Art of Photogenic Drawing, directs its preparation for this purpose as 
follows:— : 

One ounce of sublimed sulphur i is to be mixed with one ounce and a 
half of lime, previously slaked by the addition of hot water, and the 
mixture put into a clean earthen vessel. Three quarts of water are 
added, and the whole is to be boiled for two hours. The clear liquid 
may then be filtered off into several wide basins or dishes, and allowed 
to remain freely exposed to air. (The residue on the filter may, if 
required, be boiled with more slaked lime and water, until it ceases to 
yield a yellow coloured liquid.) When first made, Ak liquor is of a rich 
orange colour, but a scaly semi-crystalline crust soon forms on its surface ; 
this must be broken down as often as it is produced, and the liquid be 
exposed to air until it has become quite colourless. The time required 
for this, varies according to the depth of the colour, and the quantity of 
persulphuret of caleium present in it. If weak, the change is complete 
in three or four days; if strong, the whole of ihe) colour will not be lost 
until after the lapse of three or four weeks. . The change is always acce- 
lerated by diluting the. liquid;: but this-must not Ker carried too far. 


When colourless, the liquid, which is a solution of hyposulphite of lime, 


may be filtered off, and it is now fit for use. ‘The scaly residue left on 
the filter, digested in cold water, will yield more of the hyposulphite. 


ei 
_ Sutpuite or Lrue (C+S) is formed by passing sulphurous acid into 
a mixture of lime and warm water, or by mixing the solutions of chloride 
of calcium and sulphite of potassa. It is a white powder of a slightly 
sulphurous taste; it requires about 800 parts of water at 60° for its 
solution: it is rendered soluble by excess of sulphurous acid, and then 
separates in hexangular prismatic crystals, of difficult solubility, efflores- 


cent, and passing into sulphate of lime by exposure to air. When heated — 


this salt is converted into sulphuret of calcium and sulphate of lime. ie 


consists of 
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Sulphite of lime _ 60 100-0 

HyrosutpnAtE oF Limg. (C4-S/.)—This salt is s formed by decom- 
posing hyposulphate of manganese by lime, filtering, and evaporating the 
solution; it forms groups of transparent tabular crystals, permanent in 


the arr, cola hes in 0°8 of water at 212°, and in 2:46 of water at 60°, and | 


insoluble in alcohol, (HEEREN, Poacenp. vii. 178.) The crystals con- 
sist of ; ye Sy 
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Crystals of hyposulphate of lime 136 100°0 


SuLpHaTe or Lime (C+ S/) occurs native in selenile, gypsum, plaster- 


_ stone, &c. It is easily formed artificially, by dropping sulphuric acid 


upon lime, in which case there is great evolution of heat; or by decom- 
posing a solution of chloride of calcium, or any of the soluble salts of 
lime, by sulphuric acid or by a soluble sulphate. When thrown down 
from its solutions, or in any way slowly deposited, it gencrally forms 
minute silky crystals soluble in 350 parts of water. When these, or the 
native crystallized sulphate, are exposed to a heat of from 4 to 500°, they 
lose water, and fall into a white powder (plaster of Paris), which, made 
into a paste with water, soon solidifies; and when in large quantity, with 
very sensible increase of temperature: hence its use in taking casts for 
busts, figures, and ornaments: it is also the basis of stucco and scagliola 
or artificial marble, which is made by mixing plaster of Paris, coloured in 


' yarious ways, with size and water; when it has indurated, its surface is 


polished. Exposed toa red heat, but short of its fusing-point, it loses this 
property of recombining with water. Anhydrous sulphate of lime 
requires about 500 parts of water at 60°, and 450 parts at 212°, for its 
solution: or, according to Berzelius, it is equally soluble in cold and hot 
water, ] part of the salt being soluble in 462 of water; according to Mr, 
Paul (Phil. Mag., xv. 63), if this solution be saturated by pressure with 
hydrogen, the sulphate in about six months is converted into a sulphuret. 
As sulphate of lime is more soluble in water than pure lime, sulphuric 
acid affords no precipitate when added to lime-water. Nearly all spring 
and river water contains this salt, and in those waters which are called 
hard it is abundant: it gives to them a slightly nauseous taste, and ren- 
ders them unfit for washing and for culinary use. At a very high tem- 
perature sulphate of lime is fusible, but suffers no decomposition; heated 
with charcoal it is converted into a sulphuret of calcium. It dissolves 
without decomposition in dilute nitric and hydrochloric acids, and sepa- 
rates from these solutions when concentrated, in long silky or transparent 
crystals. It is decomposed by the alkaline carbonates. Sulphate of lime 


is sometimes employed as a manure, and, when sprinkled over the land 


in small quantity, is said to improve certain soils, especially for the 
growth of clover: it may also be useful as a chemical agent. Anhydrous 
sulphate of lime consists of , 
> Wenzel. Bergman.. 
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Sulphate of lime 68 100°0 100°0 100 


And the native crystallized sulphate of lime consists of 


Klaproth. Bergman. 
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Crystallized sulphate of lime 86 100 1000 = =—«100. 


682 SULPHATE OF LIME. 


Native: Sulphate of Lime oceurs in: various forms.’ The crys- 
tallized or hydrous variety (C -+$/+2) is usually called selenite*; the 
fibrous and earthy, gypsum}; and the granular or massive, alabaster }. 
The primitive form of selenite is a rhomboidal prism of 113° 8’ and 
66° 52’. The crystals are commonly transparent, of a specific gravity 
of 2:32, and of various colours; softer than native carbonate of lime, 
and yield very easily to the, nail. They are often disseminated in argil- 
laceous strata. It occurs in Cumberland at Alston, and in Oxfordshire 
at Shotover Hill, where it is accompanied by shells and pyrites, and 
appears to have resulted from their mutual decomposition. A beautiful 
fibrous variety, called satin gypsum, is found in Derbyshire, applicable 
to ornamental purposes, such as beads, broaches, &c.. Massive and 
granular gypsum is found in this country in the red marl or new red 
sandstone accompanying the salt-deposits in Cheshire. It abounds in the 
tertiary strata of Montmartre, near Paris, and contains organic remains; 
sometimes it forms entire hills. In the Tyrolese, Swiss, and Italian 
Alps, it is found upon the primitive rocks, often of the purest white, 
especially at Montier, near Mont Blanc, and near the summit of Mont 
Cenis. It is turned by the lathe, and sculptured into a variety of beau- 
tiful forms, more especially by the Florentine artists. Columns for 
interior architecture are sometimes formed of it, as may be seen in the 
hall of Keddleston-house in Derbyshire. ! 

There is a variety of sulphate of lime, which has been called anhy- 
drous gypsum, or anhydrite, in reference to its containing no water. It 
is harder and denser than selenite, its specific gravity being 2°96: it 
sometimes contains common salt, and is then called muriacite. It is 
rarely crystallized, generally massive and lamellar, and susceptible of 
division into rectangular prisms. It has been found in Derbyshire and 
Nottinghamshire of a pale-blue tint; sometimes it is pink or reddish, and 
often white. It has also been found at Vulpino in Italy, and hence called 
Vulpinite. The statuaries of Bergamo and Milan employ it, and artists 
know it by the name of Marbre di Bergamo. A compound of sulphate 
of lime and sulphate of soda is found in the salt-mines of New Castile, 
which mineralogists have described under the name of Glauberite, and 
which probably might be formed artificially by fusing the two salts. 


Puosrnuret or Carcrum. (cal+ p-)—By passing the vapour of 
phosphorus over lime heated to dull redness a brown compound is pro- 
duced, which. rapidly decomposes water with the evolution of phosphu- 
retted hydrogen gas, and which consists of phosphuret of calcium and 
phosphate of lime; the oxygen of the lime at this temperature converts a 
portion of the phosphorus into phosphoric acid, and the evolved calcium 
combines with another portion of phosphorus: to form phosphuret of 
calcium. Hydrophosphuret and hypophosphite of lime are formed by its 
action upon water, phosphuretted hydrogen gas escapes, and a phosphate 
of lime precipitates. When dilute hydrochloric acid is poured upon 


* From. ceAnyn, the moon, in reference} + Anancient term applied to vases or 
to its soft lustre, boxes, for containing perfumes: perhaps 

T From yy, earth, and ewew, to con-| from a, privative, and Aabor, a handle, 
coct: formed, or concocted in the earth. | as opposed to vessels-with handles. 
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this phosphuret, abundance of phosphuretted hydrogen is also liberated 
(p. 499). 

F The usual process for obtaining phosphuret of calcium is the follow- 
ing:—Select a green-glass or porcelain tube, closed at one end, and about 
eighteen inches long, and one inch diameter, and carefully cover it with 
a clay lute containing a very little borax. Put an ounce of phosphorus 
broken into small pieces into the lower end, and fill it up with pieces of 
clean quick-lime, about the size: of large peas: place it in -am inclined 
position in a furnace, so that the’ end containing the phosphorus. may 
protrude, while the upper part of the tube is heating; then slowly draw 
the cool part into the fire, by which the phosphorus will be volatilized, 
and, passing into the hot lime, convert a portion of it into phosphuret, 
Care should be taken that no considerable portion of phosphorus escapes 
and burns away at the open end of the tube, which, after the process, | 
should be corked and suffered to cool. Its contents may then be shaken 
upon a sheet of paper, and the brown pieces picked out, and carefully 
preserved in a well-stopped phial; the white pieces, or those which are 
only pale-brown, must be rejected. ‘The success of this operation depends 
upon the skilful management of the temperature, and the difficulty of 
heating the whole of the lime up to a proper point, which should be 
short of a red heat; for if the temperature be insufficient, no combination 
ensues; and if too high, the compound is again decomposed, phosphorus 
evolved, and lime remains. According to Berzelius, phosphuret’ of lime 
is best obtained by heating pieces of lime in a long necked matrass over 
the flame of a spirit lamp and dropping phosphorus upon them. When 
the compound is perfect it is reddish brown or chocolate coloured; when 
breathed on or moistened it exhales a very strong and diffusive alliaceous 
odour, which it is difficult to get rid of; it heats and even burns if touched 
with damp hands, and when dropped into water the action is immediate 
and often violent, and the evolution of bse caret ot bydeoget continues 
for some time. 


HYPoPHOSPHITE OF Lim | may be bb dned by boiling phosphorus in 
thin cream of lime, filtering off the solution, and passing carbonic acid 
through it, to separate excess of lime. The clear solution evaporated in 
vacuo furnishes four-sided rectangular prismatic crystals of the hypophos- 
phite, which are nearly equally soluble in hot and cold water, and quite 
insoluble in alcohol: they contain from 18 to 22 per cent. of water of 
crystallization. Ata red heat in air they are converted into biphosphate 
of lime; also by the action of nitric acid: heated out of the contact of air, 
phosphate of lime and phosphuretted hydrogen gas are the results. This 
salt is useful for the preparation of other hypophosphites. 


Puospuite oF Lime is a difficultly-soluble salt, crystallizable by spon- 
taneous evaporation. When its solution is heated, nacreous crystals of a 
subphosphite are deposited, and a very soluble and difficultly-erystallizable 
biphosphite remains dissolved. 


Puospaate or Lime.—There appear to be several definite combina- 
tions of lime with phosphoric acid, among which the following, have been 
particularly examined. (Berzeuivs, Ann. de Ch. et Ph., ii. 167.) © 


_ 1. Nevrrau Paospnate or Live. (C+p/.)—When a solution of 
rhombic phosphate of soda is dropped into a solution of chloride of 
calcium, the latter being left in excess, a crystalline precipitate falls, 
which at a red heat loses water: it is white, tasteless, and consists of 
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Berzelius. Berzelius. 
me © .F.5 1-28.43"... 45°81 Wrohe ee ase }.3*28 (Sal a2 
Phosphoric acid 1.36. 563. 54:19 . . . . 1.36. 439 . 41:90 
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2. SuspHospHaTe oF Lime. Bone Prospware. (1C+p/.)—This 
phosphate exists in bones and other parts of animals: it is formed when 
a solution of chloride of calcium is gradually dropped into the solution of 
rhombic phosphate of soda, the latter being left in excess; or whenever 
ammonia is added to any acid solution of phosphate of lime; or by adding 
neutral phosphate of ammonia to solution of chloride of calcium, in 
which case the fluid becomes acid. The tendency of phosphoric acid to 
form a basic or subsalt with lime is such, that if moist neutral phosphate 
of lime be mixed with a strong solution of chloride of calcium, hydrochloric 
acid is evolved on heating the mixture. This salt is white and insipid, 
and when recently precipitated, and boiled in water, a trace of it remains 
in solution, and if gelatine or starch be present a very sensible portion is 
taken up. Water, containing common salt or hydrochlorate of ammonia, 
also sparingly dissolves it. Dilute nitric, hydrochloric, and acetic acids 
dissolve it without decomposition,and ammonia throws it down unaltered. 
It is decomposed when digested in solution of sulphate of ammonia. 
Sulphuric acid converts it into sulphate and superphosphate of lime. At 
a very high temperature it fuses into a white opaque enamel. It is com- 
posed of Berzelius - Fuchs ;- Klaproth 
icf Ariificial. . Artificial. | Apatite. 

Limes «cies ns DA ee 42> 5 BBB, 4 15168. 54594 Oe ho 7G 
, Phosphoric acid . . 36 . 462 . 4832 . 4526). G46-25 
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Native Phosphate of Lime, identical in composition with the pre- 
ceding, occurs crystallized and massive, and is known under the names 
of apatile, asparagus-stone, moroxite, and, phosphorite. The crystallized 
variety is found in Cornwall and Devonshire, of singular beauty. Its 
primitive form is a six-sided prism: it also occurs in volcanic products; 
and, what is curious, the former is phosphorescent when heated, and the 
Jatter not. The massive variety is found in Bohemia and in Spain. 
The phosphorite which constitutes a rock exists in beds in Estrema- 
dura in Spain, and Schlackenwald in Bohemia; it is one of the most 
beautiful of the phosphorescent minerals, and when fragments of it are 
aga upon a hot iron they shine in the dark with a brilliant pale-green 
ight, very. # . 


_3. SesquipnoseHate oF Lime (C +1:9/) is obtained by adding 
alcohol toa saturated solution of the neutral phosphate in phosphoric 
acid; the precipitate, when washed with alcohol, consists of 1 propor- 


wet ; 
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tional of lime-+14 phosphoric acid. Water resolves it into an acid and 
an insoluble phosphate. (Brrzexius, Ann. de Ch. et Ph., ii. 173.) 


4. Bipnospuate or Lime (C+2))/) is formed, according to Berzelius, 
by digesting the neutral phosphate in phosphoric acid. On evaporation, 
crystalline scales are deposited, composed of 1 proportional of lime +2 
of phosphoric acid. The same salt is said to be obtained by digesting 
the neutral phosphate in hydrochloric or nitric acids, and evaporating the 
solution till it fnrnishes crystals. Distilled with charcoal, its excess of 
acid is decomposed and yields phosphorus, and a neutral phosphate 
remains. 


5. SuPERPHOSPHATE or Limse.—The phosphoric glass described. under 
the head Phosphorus (p. 484), is considered by Dr. Thomson as a definite 
compound, which he has termed quadriphosphate of lime. . (System, ii. 
460.) If-100 parts of phosphate of lime be digested for twenty-four 
hours with 87 parts of sulphuric acid diluted with a sufficient quantity 


of water, and be then filtered, the liquor which passes through contains 


the whole of the phosphoric acid, with only one-fourth of the lime which 
existed in the original salt; the remaining three-fourths having formed 
an insoluble compound with the sulphuric acid. The dissolved salt, 
therefore, is a compound of 1 atom of lime=28-+-4 atoms of acid=112., 
When evaporated, it forms, on cooling, pearly scales, which have an acid 
taste, and dissolve readily in water, giving an acid solution of the specific 
gravity 1-44, When dried and fused in a crucible, a transparent glass is 
obtained, commonly called glacial phosphoric acid, and employed chiefly 
in the production of phosphorus. (Henry, i. 567.) According to Ber- 
zclius, the decomposition of bone-earth by sulphuric acid is not attended 
by any definite result, but varies with the concentration and quantity of 
the acid, and is nearly complete when concentrated acid is added to a 
saturated solution of the superphosphate. Phosphate of lime is entirely 
decomposed when digested in a mixture of sulphuric acid and alcohol; 
sulphate of lime is precipitated, and an alcohbvlic solution of phosphoric | 
acid, free from lime, is obtained. The solution of phosphate of lime in 
nitric acid, is decomposed by carbonate or acetate of lead; the lime — 
remains in solution with the nitric acid, and the phosphoric acid is 
precipitated in combination with the oxide of lead. 


- SELENIURET oF Catcrtum.—The action of selenium upon lime has not 
been examined: when hydroselenic acid is passed into lime water the 


liquid is at first colourless, but it gradually reddens, even when out of the 
contact of air. ; 


SELENITE OF Limr.—Berzelius has described a neutral selenite and 
a biselenite of lime. The former gradually falls in a pulverulent form, 
from a solution obtained by the action of selenious acid on carbonate of 
lime. If fused at a red heat ina glass vessel, it corrodes and passes 
through it. When dissolved in selenious acid small prismatic erystals of 
biselenite of lime are obtained, which are permanent in the air: when 
heated, or digested in ammonia, they lose acid, and become neutral. 


(Ann. de Ch. et Ph., ix, 263.) The seleniates of lime haye not been 
examined, . | 
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-Carponate of Linn, (C-+¢ar/,) or Ca CG, is the most abundant — 


compound of this earth; it exists in all river and spring water, and, 
consequently, in the ocean, and is an essential ingredient in all fertile 
soils. When lime-water is exposed to air, it becomes gradually covered 
with an insoluble film of carbonate of lime: hence its use as a test of the 
presence of carbonic acid; but excess of carbonic acid redissolves it, pro- 
ducing a supercarbonate. Carbonate of lime is also precipitated by the 
carbonated alkalis from solutions of calcareous salts. It is a tasteless 
white powder, insolublein pure water, and having no alkaline reaction. 
Exposed for a sufficient time to the joint action of a red heat and a cur- 
rent of air, the whole of the carbonic acid escapes, to the amount of 44 
per cent., and quick-lime is obtained. Hence carbonate of lime consists of 
Kirwan. Marcet. Stromeyer, Berzelius. ay 
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Mr. Daniell obtained crystals of carbonate of lime from a solution of 
lime in syrup. When a solution obtained by boiling together 1 part of 
hydrate of lime, 3 of sugar, and 6 of water, was filtered and exposed for 
fifteen days to the air, Gay Lussac found the whole of the lime depo- 
sited in acute rhombic crystals, consisting of 1 atom of carbonate of lime 
and 5 of water. In this case, the carbonic acid is derived from the 
atmosphere. These crystals are not changed by cold water, but in hot 
water, or exposed to air, they gradually fall to powder. Boiled. in 
alcohol they retain their form, but lose 2 atoms of water, becoming 
(C+car’+3q). (Ann. de Ch. et Ph., xuvi. 301.) 

Native Carbonate of Lime occurs in great abundance and in various 
forms. The primitive form of crystallized carbonate of lime, or cal- 


careous spar, is an obtuse rhomboid of 105° 5! and 74° 55’ (Woxaston), — 


101° 50’ and 78° 50’ (Dumas). Its specific gravity is 2°72. It occurs in 
every kind of rock, and its secondary forms are more numerous than those 
of any other substance. Bournon, in his T'railé de Minéralogie, has 
described and figured six hundred and eighty modifications. What is 
termed Iceland spar is this substance, in its primitive form, and of 
extreme purity: it is highly doubly refractive (p. 194) and transparent; 
some of the varieties are opaque or translucent, suow-white, or tinged of 
different hues. The mineral is recognised by its foliated and rhomboidal 
fracture, and its moderate hardness, being scratched by fluor-spar; before 
the blowpipe it loses carbonic acid, and becoming lime, is intensely lumi- 
nous; it dissolves with effervescence in hydrochloric acid, and the solution, 
when much diluted, affords a white precipitate with oxalate of ammonia. 
Carbonate of lime sometimes forms stalactites and stalagmites (from 
ctarale, I drop, and otaXaypa, a drop), of which some of the caverns 
of Derbyshire furnish magnificent specimens; it is there deposited from 
its solution in water acidulated by carbonic acid, and substances immersed 
in this water become incrusted by carbonate of lime when the excess of 
acid flies off, as seen in the petrifying-well at Matlock. A fibrous car- 
bonate of lime, called satin-spar, is found in Cumberland. 

A peculiar variety, originally found in Arragon in Spain, has been 
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termed Arfagonite; iv often occurs in six-sided crystals of a reddish 
eolour, and harder than the common carbonate. There is an acicular op 
fibrous variety, found in France and Germany; and the white radiated 
substance, improperly called flos ferri, is also regarded as of the same 
species. Some varieties contain about 3 per cent. of strontia. The 
crystalline forms of Arragonite have been described in detail by Bournon 
(Traité de Minéralogie) ; the primary form is a right rhomboidal prism 
of 116° 10’ (Brooke). They contain a little water, which they lose 
when heated, and crumble into powder; by which Arragonite is distin- 
guished from calcareous spar. It is also heavier, its specific gravity being 
from 2'8 to 2°9. 

All the varieties of marble and limestone consist essentially of car- 
bonate of lime ; of these, white granular limestone, or primitive marble, is 
most esteemed; there are, also, many coloured varieties of extreme 
beauty. It is distinguished from secondary limestone by the absence of 
organic remains, by its granularly foliated structure, and by its association 
with other primitive substances. The most celebrated statuary marble is 
that of Paros and Mons Pentelicus near Athens; of these, some of the 
finest specimens of ancient sculpture are composed. The marble of 
Carrara, or Luni, on the eastern coast of the Gulf of Genoa, is also much 
esteemed; it is milk-white and less crystalline than the Parian. 

Many beautiful secondary marbles for ornamental purposes are 
quarried in Derbyshire, and especially the black marble, called also 
Lucullite, from the admiration bestowed on it by Lucius Lucullus. 
(Pury, Hist. Nat., 36, 8.) Its colour appears to depend upon a small 
quantity of carbonaceous matter. Westmoreland and Devonshire -also 
afford beautiful varieties of ornamental marble; and in Anglesea, a marble 
intermixed with green serpentine is found, little inferior in beauty to the 
verd antique. ; 

Among the inferior limestones, we enumerate many varieties, such as 
common marble; bituminous limestone, abundant upon the Avon, near 
Bristol, and known under the name of swine-sténe or stink-stone, from the 
peculiar smell which it affords when rubbed; Oolite or Roestone, of which 
the houses of Bath are built; and its variety, called Portland-stone; Piso- 
lite or peastone consisting of small rounded masses, composed of concen- 
tric layers, with a grain of sand in the centre; and lastly, chalk and marl. 

All these substances are more or less useful for ornamental purposes, 
or for building; they afford quicklime when burned, and in that state are 
of great importance as manures, and as ingredients in the cements or 
mortars used for building. There is a great variety of limestones used 
for burning into quick-lime, and, generally speaking, any of the varieties 
may be employed which neither fuse nor crumble into powder at the 
temperature required to expel the carbonic acid, which is a full red-heat. 

_Lime-burning. Although all the species of limestone may, by burning, 
be brought to the state of quick-lime, the substances belonging to the 
family of compact limestone are the only ones that are employed for this 
purpose in the large way. Sometimes calcareous spar, and statuary 
marble, are used in the laboratory for the purpose of procuring a lime 
purer than ordinary. But owing to the crystalline texture of these sub- 
stances, the lamine of which they are composed part from each other 
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during the volatilization of the carbonic acid, so that by the time they are 
rendered caustic, their cohesion is destroyed, and they are reduced to the 
state of sand, a circumstance which must always prevent them from being 
used in kilns of the common construction. The lime-kiln at present 
almost universally employed in this country, is a cup-shaped concavity, 
in a solid mass of masonry, open at top, and terminated at bottom by a 
grate, immediately above which is an iron door. _ This simple furnace is 
first charged with fuel, (either wood, or coal and cinders, but more com- 
monly the latter,) upon which is afterwards laid a stratum about a foot 
thick of limestone, broken into pieces not larger than the fist; to this 
succeeds a charge of fuel: and so on alternately, keeping the kiln always 
full. The pieces of limestone descend towards the bottom of the kiln in 
proportion as the fuel is consumed, being in the mean time kept at a pretty 
full red-heat. At this temperature, the water and carbonic acid are 
driven off; and by the time the limestone arrives at the bottom of the 
kiln, which happens in about forty-eight hours, it is rendered perfectly 
caustic. The door above the grate is then opened, and the lime below the 
next descending stratum of fuel is raked out; the remaining contents of 
the furnace sink down, and a fresh charge is laid on the top. The compact 
limestone, after having undergone this process, though much lighter and 
more porous than before, still retains its figure unaltered: hence it is 
readily separable from the ashes of the fuel, and is sufficiently hard to be 
carried from place to place without falling to pieces. (A1kin’s Dictionary, 
Art. Lime; Ure’s Dictionary of Arts; and Dumas, Chimie app. aux Arts, 
ii. 461.) 

Attempts have been made to burn lime, or in other words, to expel 
the carbonic acid from limestone, in close vessels, but it is invariably 
found that the carbonic acid cannot, under such circumstances, be driven 
off; and, indeed, Bucholz found, that upon strongly heating five or six 
pounds of pure chalk, closely pressed into a crucible, and out of the access 
of air and its watery vapour, scarcely any carbonic acid was driven off; 
hut, with the exception of a small portion upon the surface the contents 
of the crucible were converted into a hard, foliated, yellowish mass, 
retaining nearly the whole of the carbonic acid, semi-transparent, and 
evidently having undergone incipient fusion, (GrHLEn’s Jour., Second 


Series, i.271.) This agrees with Sir James Hall’s experiments, who, by — 


exposing powdered chalk to great heat and pressure, succeeded in fusing 


it (without escape of carbonic acid), and thus imitating the process of © 


nature, by which he supposed marble to have been formed. (Phil. Trans. 
Edinb., vol. vi.) 

eee? or Catcrom has not been obtained. When hydrate of lime 

is digested in hydrocyanic acid, a solution of hydrocyanate of lime is formed, 

which upon evaporation is resolved into ammonia and carbonate of lime. 


SuLPHOCYANURET oF Catcium forms ee acicular crystals, 
soluble in water and in alcohol. 


Borate or Lime is a white tasteless powder of very difficult solubility 
in water. Ata red heat it forms a vitreous mass. 


FLUoBORATE oF Lime forms a gelatinous tet which has an acid 
taste and reddens litmus. . (Berzent0s. ) 
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CHARACTERS OF THE Sauts or Lime.—These salis have the following © 
properties: those which are soluble are not altered by pure ammonia, but 
they are decomposed by potassa and soda. They are also decomposed by 
the carbonates of potassa, soda, and ammonia, which produce precipitates 
of carbonate of lime. Oxalate of ammonia produces in their solutions a 
white insoluble precipitate of oxalate of lime, which, exposed to a red 
heat, affords carbonate of lime or pure lime. The soluble sulphates throw 
down sulphate of lime from such solutions of the salts of lime as are not 
very dilute. Such of the salts as are soluble in alcohol, tinge the edge of its 
flame of a reddish colour, much like the tint given by the salts of strontia. 
Lhe insoluble salts of lime are decomposed by being boiled with carbonate 
of potassa, and afford carbonate of lime. 


§ V. BARIUM. 


Tats metal was discovered by Davy, in 1808; he obtained it by placing 
a globule of mercury upon moistened baryta, lying upon a plate of plati- 
num, in connexion with the positive pole of a powerful Voltaic hattery: 
the negative wire was then brought into contact with the mercury, which, 


combining with the evolved barium, gradually became an amalgam; this 


was heated out of the contact of air so as to distil off the mercury, and 
the barium remained. It may also be procured by passing potassiuni 
in yapour over baryta heated to redness in an iron tube, and afterwards 
withdrawing the reduced barium, which the residue contains, by means of 
mercury: the latter metal is separated by distillation in a retort, care 
being taken not to raise the temperature to redness, for then the barium 
decomposes glass. (GraHAM.) 5 

Barium has a specific gravity above 2. It is of a gray colour, and 
rapidly absorbs oxygen; when gently heated it burns with a red light; it 
decomposes water, evolving hydrogen, and forming a solution of baryta; 
its properties, however, have hitherto scarcely ‘been ascertained. Its 
equivalent, deduced indirectly from its saturating power and from the 
action of chlorine on baryta, is 69. (68°6 Gme.in, 68°7 Berzerius and 
TURNER.) 


Oxipe or Barium. Baryta, or Barya (ba +0) or B, is obtained 
by exposing the crystals of pure nitrate of baryta for some time to a bright 
red-heat in a porcelain retort or covered crucible; it acts upon platinum, 
and if a silver crucible be employed the heat required for the perfect 


decomposition of the nitrate is such as to endanger its fusion. Baryta 


may also be obtained by subjecting artificial carbonate of baryta to an 
intense white heat thoroughly mixed with about 10 per cent. of finely- 
powdered charcoal, in a plumbago crucible. 

Graham uses iodate of baryta, a source of pure baryta: “it may be 
fused in a porcelain retort, and is more easily decomposed than the nitrate, 


and has not the troublesome property of fusing and swelling up when 


heated, which the latter salt possesses. The iodine comes off with the 
“oxygen, and may be recovered.” 
Baryta is generally in the form of a porous mass, or gray powder, and 
22 
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a 
when pure, is very difficult of fusion. Its specific gravity is about 4, hence _ 
the name Baryta, as being the heaviest of the substances usually called 4 
earths (from Papus, heavy). It has a strong alkaline taste, and reaction 
on vegetable colours. It is insoluble in alcohol. It eagerly absorbs water, 
heat is evolved, and a white hydrate is formed. After long exposure to — 
air it becomes white, and is a mixture of the hydrate and carbonate. 
Baryta, considered as a protowide of barium, consists of 

Davy. Berzelius. 


Barium 1°. . 69 . « 896 . . 89°7 . . 89°55 
Oxygen 1... 8 « . 104 4 « 103 . . 10°45 


Baryta 1 77 100-0 100-0 100:00 


Hyoprate or Baryrta. (B+ 7).—When pure baryta is sprinkled with 
water it absorbs it, becomes intensely hot, and even, according to Barry, 
incandescent, (Ann. of Phil., Second Series, ii. 77,) and crumbles down 
into a bulky white powder, which fuses, but does not give out water at a 
red-heat, It is composed of 


Baryta ® e e ° 1 ® ® 77 ) e 89 U5) 
Water 40 @ a: sind opierede p yeas 
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ed 


Hydrate of baryta 86 .100°6 


Hydrate of baryta dissolves in 20 parts of cold, and in 3 of boiling, 
water (Davy), forming a solution which is a very delicate test of the 
presence of carbonic acid, and which speedily becomes covered with a film 
of carbonate of baryta when exposed to air. A saturated solution of 
baryta, in hot water, deposits flattened hexagonal prisms as it cools, con- 
taining, according to Dalton, 20, but according to Phillips, 10, equivalents 
of water. (Phil. Mag., vi. 52, 3rd series.) According to Smith (PAil. 
Mag., and Annals, vi. 53, and ix, 87), this hydrate contains 9 atoms of 
water, 7 of which it loses when dried upon a sand-bath, and retains 2; of — 
these 1 is expelled at a red-heat, and ] retained, forming the above pro- 
tohydrate. Baryta-water is powerfully alkaline and poisonous. 


Peroxive or Barrum. (bd +2 0.)—This compound is obtained when 
baryta is heated in oxygen, or when dry oxygen gas is passed over frag- — 
ments of baryta, heated to dull-redness in a glass or porcelain tube: it 
may also be formed by adding 1 part of chlorate of potassa to 4 of — 
baryta, previously heated to redness in a platinum crucible; the oxygen — 
of the chlorate combines with the baryta, and, by the action of water, the © 
remaining chloride of potassium may be washed out, and a hydrated per- 
oxide of barium remains, composed of 1 equivalent of baryta, 2 of oxygen, 
and 6 of water. (WoutER and Liezic.) The application of this com- — 
pound to the production of the peroxide of hydrogen, or oxygenated water, 
has already been pointed out (p.393). When the anhydrous peroxide, 
which is of a gray colour, is put into water, it does not evolve heat, 
and becomes the white, pulverulent, and insoluble hydrate; when heated — 
to 212°, it gives out an equivalent of oxygen, and reverts to the state of 
protoxide, which is soluble. When peroxide of barium is heated in 
hydrogen it becomes incandescent, emitting a greenish flame and absorb- 
ing the gas; protohydrate of baryta is the product. > ie 


ae 
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Cutoripe oF Barium. (ba + C.)—This compound may be obtained 
by heating baryta in chlorine, in which case oxygen is evolved; or in 
hydrochloric acid gas, when it becomes red-hot, and chloride of barium 
and water are the results. It is generally formed by dissolving carbonate 
of baryta in diluted hydrochloric acid, evaporating to dryness, and fusing 
the residue in a covered platinum crucible. It may also be produced by 
exposing a mixture of equal parts of powdered sulphate of baryta and 
chloride of calcium to a red-heat for an hour, in a covered Hessian cru- 
cible; the salts fuse and mutually decompose each other: when the 
crucible has cooled, its contents are powdered, put into boiling water, well 
stirred together, and filtered as rapidly as possible, otherwise sulphate of 
baryta would be recomposed; on evaporating the filtered liquid crystals of 
chloride of barium are obtained, whilst the undecomposed chloride of cal- 


cium remains in solution, (Dumas.) 


Chloride of barium, after it has been fused at a red-heat, is of a 


grayish colour; its taste is acrid, it is not deliquescent, it is insoluble in 


absolute alcohol, (said to be soluble in 400 parts of anhydrous alcohol; 
Grauam.) It is generally kept in aqueous solution commonly known 
under the name of muriate of baryta, and is in constant use in the labora- 
tory as a test and precipitant for sulphuric acid: this, by evaporation, 
yields flat four-sided crystals, bevelled at their edges, and permanent in 
ordinary states of the atmosphere, but efflorescent, from the loss of water 
of crystallization, im a very dry air at 60°. At 212° the water is soon 
expelled, and anhydrous chloride remains. 100 parts of water at 60° 
dissolve about 43 parts of these crystals, and at 222°, which is the boiling- 
point of the saturated solution, 100 of water dissolve 78. The anhydrous 
chloride of barium consists of 

ori | se. sd wa ae OOe bh.8 On dt. 

Chlorine Pam's OG, win 340 

Chloride ofbarium 1 105 100°0 


The crystals contain, according to Phillips, 14°5 wer cent. of water (Ann. 
of Phil., N. S., vi. 842). As sold by chemists, their solution often gives 
a Picipitate swith pure ammonia owing to the presence of chloride of lead. 
(A. Taytor.) The composition of the crystals is 


Chloride of barium . . . + .-s-. LL... 1083 . . 85° 
Water ° ° ° e e 6 e s e e e 2 @ 6 18 ® e 14:6 


Crystals of hydrated chloride of barium 1 123 100°0 


CHLoRATE or Baryta (B+ C’) was formed by Chenevix in the same 
way as chlorate of potassa, namely, by passing chlorine through an aque- 


‘ous solution of baryta; but, in consequence of the similar solubility 


of chloride of barium and chlorate of baryta, considerable difficulty 
attended the separation of the products. It was effected by adding to 
the solution of the mixed salts, a solution of phosphate of silver in acetic 
acid, by which the chloride of barium was decomposed and resolved into 
Silaride of silver and phosphate of baryta, both.of which are insoluble. 
Chlorate of baryta may also be obtained by saturating chloric acid 


(obtained by the action of chlorine upon oxide of silver diffused in water) 
with hydrate of baryta: or it may be formed, as suggested by Mr. 
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Wheeler, by adding a hot solution of chlorate of potassa to a solution 

of silicated hydrofluoric acid; the potassa is precipitated if the form of 

an insoluble silico-fluoride of potassium, and the chloric acid remains in 

solution, and may be saturated with carbonate of baryta, which throws 

down any excess of the silicated fluoric acid, and leaves chlorate of 

baryta in solution, from which the salt may be obtained by evaporation. 

~ Chlorate of baryta forms square prismatic crystals, soluble in about 4 

parts of water at 60°, and insoluble in alcohol; they contain 1 equivalent 

of water. Sprinkled* with sulphuric acid they become luminous. By 

heat they are resolved into oxygen and chloride of barium. ‘They are 

decomposed by dilute sulphuric acid, furnishing sulphate of baryta and 

chloric acid, and are the readiest source of that acid (p. 370). The 

anhydrous salt consists of aa 

Chenevix. 

Baryta we Se De Hd 12 oe 408 eee 

Chicric.acid .. 3 dow 08 nee ed ee 
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Chlorate of baryta 153 100°0 - 100°0 


— Toprpr or Barium (ba+1) is formed by acting upon baryta, or 
carbonate of baryta, by hydriodic acid, evaporating the solution, and 
heating the residue. It may also be formed by passing hydriodic acid 
gas over baryta; the action is very intense, and it is stated by Dumas, 
that even when the gas is cooled down to 0° the baryta becomes incan- 
descent: the baryta and the acid are of course mutually decomposed, and 
water and iodide of barium are the products. . 

Iodide of barium may be obtained in acicular crystals; it is very 
soluble in water, somewhat deliquescent, and when exposed to the air 
carbonate of baryta is formed and a portion of iodine set free. It is not 
fusible ata red heat, and if a current of oxygen be then directed upon it 
the vapour of iodine appears and it becomes alkaline, whence it may be 
inferred that the affinity of barium for oxygen is greater than for iodine. 

, (Dumas.) It consists of 


Barium’ wie oe 1 C4 OVO BO eet 
lodine sate: et 4 126 . . 64°6 


Jodide of barium 1 © 195 100:0 


Iopate or Baryra. (B+2/.)\—When, iodine is added to.baryta- 
water, iodide of barium and iodate of baryta are the results; the latter — 
salt, in consequence of its little solubility, falls in the form of a white 
precipitate, which may be purified by washing it upon the filter. It is 
also formed by double decomposition when iodate of potassa is added to 
-a soluble barytic salt. At 62° it requires about 300 parts of water for 
its solution. Exposed to heat it gives out oxygen and iodine, and baryta — 
remains. (Gay Lussac, Ann. de Ch. et Ph., xci. 81.) It consists of 


Baryta bw ee a | mpsess Be 
Todic acids tw ers 168 ees 


‘Todate of baryta 1] 243 100°0 


-BromipE or Barium (ba+ b) is obtained by adding baryta to the 
ethereal solution of bromine; or by saturating hydrobromic acid with 
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baryta and evaporating to dryness; or by boiling excess of protobromide 
of iron with freshly-precipitated carbonate of baryta, filtering, and evapo- 
rating to dryness; it is fusible, soluble in water and in alcohol, and crys- 
tallizes in opaque mammellated masses; or, according to M. Henry, Jun., 
in white rhombic prisms, of a bitter taste, and consisting of 


_ Barium or ore Guess  46°9 
Bromine tel ates <57 LOR ers 7 Sae Fis 63th 
Bromide of barium 1 147 100°0 


BromateE or Baryta (B+ b’) has already been mentioned as a source 
of bromic acid (p. 377): it forms acicular crystals, slightly soluble in cold 
water, and producing vivid combustion and a green flame on hot charcoal. 
It is obtained along with the bromide, by the action of bromine on solu- 
tion of baryta. (Baxarp, Ann. de Ch. et Ph., xxxii. 367.) 

Its composition is 


Baryta ee Wie gett Rde al Sec SOs 
Pr One 20h sree es gL GOR 
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Bromate of baryta 195 100°0 


Fivorve or Barium (ba -+ iE ) is best obtained, according to Berzelius, 
by adding fresh precipitated and moist carbonate of baryta to hydrofluoric 
acid; carbonic acid is expelled, and the fluoride remains in the form of a 
white powder, very sparingly soluble in water, but soluble in hydrochloric 
and nitric acids. It forms a double salt with chloride of barium. 


Nirrate or Baryta (B+%/) may be produced by dissolving the 
native carbonate in nitric acid, evaporating to dryness, redissolving and 
crystallizing ; or by decomposing a solution of sulphuret of barium by 
dilute nitric acid. It forms permanent octoédral and cubo-octoédral 
crystals, which are anhydrous: their forms have been described by Brooke 
(Ann. of Phil, N.S., vii. 21). The taste of this salt is acrid and 
astringent. It is soluble 3 in 12 parts of cold and 4 of boiling water; or, 
according to Gay Lussac, 100 parts of water, at 32°, dissolve 5 parts: 
geoo, 15°8 parts; at 120°, 17 parts; and at 215°, 35-2 parts. It is 
insoluble in alcohol. It is decomposed with decrepitation by a bright-red 
heat, furnishing pure baryta: this decomposition should be effected in 
a porcelain crucible; for if platinum be used it is acted upon, and the 
baryta contaminated by oxide of platinum. 

If a moderately-streng solution of the nitrate of baryta be added to 
nitric acid, a precipitation of nitrate of baryta takes place, in consequence 
of the Genlguaiey of the nitrate in the acid; hence, in using nitrate of 
laryta as a test of the presence of sulphuric acid in nitric acid, the latter 
should be considerably diluted previous to its application. Nitrate of 
Laryta is composed of 


; Berzelius. - Kirwan. 
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Nitrate of baryta 1 131 100-0 100°0 100 


When nitrate of baryta is heated till nitrous acid is no longer evolved, 
a compound of baryta-and nitric oxide remains, which may he obtained 
from its aqueous solution in crystals, constituted of— 
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H. Hess. 
Baryta e e I e é r¥s e * 61 *® 
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125 100°0 


Sunpuurer or Barium (0@+5S) is formed by passing sulphuretted 
hydrogen over red-hot baryta in a glass tube; or by fusing a mixture of 
sulphur and baryta ina retort. It may also be obtained by the action of 
hydrogen or charcoal upon ignited sulphate of baryta. The easiest process 
is to mix sulphate of baryta, in fine! powder, into a paste with an equal 
volume of flour, place it in a Hessian crucible, on which a cover is luted, 
and expose it to a white-heat for an hour or two, raising the temperature 
slowly. On pouring hot water on the ignited mass the sulphuret of 
barium is dissolved, and may be separated from undecomposed sulphate 
and excess of charcoal by filtration. (Turner.) It is readily soluble in 
hot water, and the solution, on cooling, deposits hydrated crystals. By 
exposure to air, the solution absorbs carbonic acid and oxygen, yielding 
carbonate and hyposulphite of baryta. It dissolves sulphur, but.in what 
proportions has not been ascertained. When its solution is boiled with 
peroxide of copper till it ceases to blacken acetate of lead, and filtered 
whilst hot, it yields on evaporation pure baryta; mixed with carbonate 
of potassa it yields carbonate of baryta; with hydrochloric acid, chloride 
of barium; and with dilute nitric acid, nitrate of baryta. It consists of 


Barium 1 69~. ss co OL 
Sulphur . . 1 IG” wes, doe 
Sulphuret of barium 1 85 100°0 


Hyposutpuitse or Baryta. (B +8.)—This salt is thrown down on 
pouring a solution of chloride of barium into a solution, not too dilute, of 
‘hyposulphite of lime: it isa white powder, soluble without decomposition 
in hydrochloric acid; at a low heat it takes fire, and sulphur burns off. 
When the solutions from which it is precipitated are dilute, it falls after 
some minutes, in small crystalline grains, followed by a copious separation 
of the salt. According to Herschel (Edin. Phil. Jour., i. 20), this salt 
consists of wy 


yBaryta, «vie: aip es hoe yy G7.$..2 686 
Hyposulphurousacid . 1 . . 48 . . 384 
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Hyposulphite of baryta 125 100°0 

_. Sunpnrre or Baryta (B+) is insoluble in water, and formed by 

adding sulphite of potassa to a solution of chloride of barium. It dissolves 

in sulphurous acid, and the solution furnishes acicular and tetraédral 

crystals when very slowly evaporated. It passes into sulphate by long 

exposure to ait: at a red heat it gives out sulphur and becomes sulphate. 

Tt consists of 

3 a <s pis 4 saa ‘Baryta ry . e a ] ® @ 44 e 6 70°6 
-/ y--Sulphurousacid . 1. « 32 . « 294. 
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Sulphite of baryta (109 -- 1000 
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Hyposutpnats or Baryta. (B+8/.)—When sulphurous acid gas 
is passed into water holding finely-powdered peroxide of manganese in 
suspension, a neutral solution is obtained, composed of sulphate and 
hyposulphate of manganese. These salts are decomposed by excess of 
baryta, and a soluble hyposulphate of baryta is formed, through which 
carbonic acid is passed, in order to saturate any excess of baryta; and 
the whole being heated to drive off carbonic acid, which holds a little of 
the carbonate in solution, the hyposulphate of batyta is obtained, and 
may be purified by crystallization. The solution of this salt may be de- 
composed by the careful addition of sulphuric acid, and the hyposulphuric 
acid is thus obtained in solution, as already stated (p. 475). 

The hyposulphate of baryta crystallizes in quadrangular prisms, 
variously terminated. It dissolves, according to Gay Lussac, in 1°] times 
its weight of water at 212°; in 4 times its weight at 64°. It is 
insoluble in alcohol. At a red-heat it gives out water and sulphurous 
acid, and leaves seven-tenths its weight of neutral sulphate of baryta. 


The crystallized salt consists of 
Welter and 
Gay Lussac. Heeren. 
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1 167 100°0 100°00 100°00 


When a solution of this bihydrated salt is set aside to evaporate spon- 
taneously, large four-sided prismatic crystals, terminated by four-sided 
pyramids, are gradually deposited, which, according to Heeren, are a 
quater-hydrated hyposulphate of baryta (B+ $8’+4 @), composed there- 
fore of 


Heeren. 

MPARV Ce. ee se FE TL: Chg eal Oats eee oe 
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Sutpuate or Baryta (B+S/) is an abundant natural product; it 
is insoluble in hot and cold water, and therefore precipitates whenever 
sulphuric acid, or a soluble sulphate, is added to any soluble salt of 
baryta; hence the solutions of baryta are accurate tests of the presence of 
sulphuric acid, and are also used in analysis to determine its quantity. 
If sulphuric acid be poured upon caustic baryta, the heat is so intense 
as to cause ignition. If the acid be boiled upon the finely-powdered or 
recently-precipitated sulphate, a portion is taken up; the whole of which, 


_ however, falls again upon diluting the solution with water. The extreme 


insolubility of this sulphate renders the soluble salts of baryta such 
delicate tests of the presence of sulphuric acid, that a millionth part 
in solution may, according to Pfaff, be detected by a slight white cloud. 
When the sulphuric acid is in combination the test is somewhat less 


- delicate, but it shows the presence of | part of sulphate of soda in 400,000 


of water. Recently-precipitated sulphate of baryta is sometimes very 
obstinate in subsiding from water, and will not. only long remain sus- 
pended, but adheres to the glass, and will even. pass through filtering- 
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paper: heat, and a little excess of acid, generally facilitates its deposition: ~) 


It may be safely heated to redness without risk of change, and hence the 
filter containing it, in some cases of quantitative analysis, may be conye- 
niently burned away. 

Sulphate of baryta is an anhydrous compound of 


Klaproth. Berzelius.. 
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Sulphate of baryta 117 100°0 100°0 100-000 

~ Native Sulphate of Baryta, Heavy Spar, or Baroselenite, is princi- 
pally found in the mines of Westmoreland and Cumberland, and ‘in 
Transylvania, Hungary, Saxony, and Hanover. <A variety met with in 
Derbyshire, 1 is called cawk. It occurs massive, stalactitic, and cr ystallized 
in a great variety of forms. Its primitive figure i is a ribrabodial prism, 
the angles of which are 101° 42’, and 78° 18’. It is harder than carbonate 
of lime, but not so hard as fluor-spar. Its specific gravity is 4°7. 

When native sulphate of baryta is heated it decrepitates, and at a very 
high temperature fuses into an opaque white enamel: it was employed in 
the manufacture of jasper-ware by the late Mr. Wedgwood, and for the 
production of opaque white patterns and figures, upon a coloured ground. 
When formed into a thin cake with paste, and heated to redness, it 
acquires the property of phosphorescence, as was first ascertained by 
Vincenzo Cascariolo, of Bologna, whence the term Bologna phosphorus 
swas applied to it (p. 215). The artificial sulphate of baryta is used as 
a pigment, under the name of permanent while; it is very useful for 
marking phials and jars in a laboratory, not being discoloured by sul- 
‘phuretted hydrogen, as is the case with white lead. 

Decomposition of Sulphate of Baryta—As the native sulphate is a 
common and abundant compound, several processes have been contrived 
for obtaining from it pure baryta. This may be effected by reducing the 
crystallized sulphate to a fine powder, and heating it red-hot for half an 
‘hour in a silver crucible with three parts of carbonate of potassa: the 
fused mass is then boiled repeatedly in water, till it no longer affords any- 
thing soluble in that liquid; the insoluble residue, consisting chiefly of 


carbonate of baryta, may be digested in dilute nitric acid, by which nitrate. 


of baryta is formed, and which will yield the pure earth by exposure to 
heat as above mentioned. Another method consists in exposing to a 
red-heat, in an earthen crucible, a mixture of 6. parts of finely-powdered 
sulphate of baryta with 1 of powdered charcoal, for half an hour. This 
converts the sulphate into sulphuret, which is to be dissolved in hot 
water, the solution filtered and mixed with solution of carbonate of soda 
as long as it occasions a precipitate, which, when washed and dried, is 
‘carbonate of baryta. Or, by adding hydrochloric acid to the liquid sul- 
‘phuret, sulphur is thrown down, and sulphuretted hydrogen evolved, and 
‘chloride of barium formed, which may be filtered off, and if required, 
decomposed by carbonate of potassa. Or the sulphuret, as it comes out 
of the crucible, may be thrown into dilute nitric acid, by which sul- 
phuretted hydrogen is evolved, and nitrate of baryta formed, from the 
‘solution of which crystals are easily obtained by evaporation. Another 
method of decomposing a solution of sulphuret of barium consists in 


oe 
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adding to it oxide of copper till it ceases to blacken acetate of lead; 
it may then be quickly filtered, and a solution of baryta is obtained. 


_(Monr.) In this process 6 equivalents of sulphuret of barium and 8 of 


oxide of copper produce 5 of baryta, 1.of hyposulphite of baryta, and 4 of 
subsulphuret of copper. Peroxide of manganese may be substituted for 
oxide of copper, but it generally gives a solution of baryta coloured by 
some impurity. (GrauAM.) When sulphate of baryta, in very fine pow- 
der, is boiled in a solution of carbonate of potassa or soda, a portion of 
the sulphate is also decomposed, and an equivalent proportion of car- 
bonate of baryta formed: this decomposition of the sulphate is, however, 
never entire. 


PuospHuRET oF Barium is produced by passing phosphorus over 
heated baryta; there is an intense action, and phosphate of baryta, 
together with a phosphuret of a metallic lustre, is obtained, which acts 
upon water, evolving phosphuretted hydrogen, and affords a solution con- 
taining hypophosphite of baryta. 

Hypornospuite or Baryta (B+) may be obtained by the same 
process as hypophosphite of lime, namely, by boiling phosphorus with 
baryta in water; like the other hypophosphites it is very soluble in water, 
and difficultly crystallizable. (Dutone, Ann. de Ch. et Ph., ii. 142.) 


PuospHitE or Baryta (B +7) was obtained by Berzelius, by adding 
a solution of chloride of barium to phosphite of ammonia; a crystalline 
crust of phosphite of baryta was formed in 24 hours. (Aun. de Ch. et Ph., 
ii. 231.) <A red-heat converts it into neutral phosphate of baryta with the 
evolution of hydrogen. It dissolves in phosphorous acid, forming, appa- 
rently, a distinct biphosphite of baryta. It consists of 
Berzelius. 
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Crystallized phosphite of baryta 1 114 100-0 100°00 


Puospnates or Baryra. (B+)/.)—When a solution of neutral phos- 


- phate of ammonia is dropped (not in excess) into a neutral barytic solu- 


tion, an insoluble white powder falls, which melts into a gray enamel 
when strongly heated, and is soluble in hydrochloric, nitric, and phos- 


phoric acid. It consists of wen “es 
Berzelius. 
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Phosphate of baryta 1 113 100°0 ‘1000 


SESQUIPHOSPHATE OF Baryta.— When a saturated solution of phos- 
phate of baryta in phosphoric acid is mixed with alcohol, a bulky 
precipitate falls, which, when dried, forms a light, white, tasteless, powder ; 


composed of 
Berzelius. 
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Sesquiphosphate of baryta 1 131 1000 — 100-00 
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BipHospHate of BARyTA.—Biphosphate of soda occasions no precipi- 
tate in solution of chloride of barium. When a saturated solution of 
neutral phosphate of baryta in phosphoric acid is carefully evaporated, it 
yields crystals, which, after having been dried on filtering-paper, are per- 
manent in the air. Water resolves them into phosphoric acid and neutral 
phosphate. (Berzetius, Ann. de Ch. et Ph., ii. and xi.) At a red heat 
they lose water of crystallization, and a white spongy mass isformed. The 
crystals of this salt contain 2 proportionals of water; in its anhydrous 
state, it consists of 


Berzelius. 
Baryta soe ee oF wes I Ps ee ee 7 eee eee 
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Berzelius found, on digesting neutral phosphate of baryta in ammonia, 
that a portion of the acid was abstracted, leaving a definite combination 
of 5 proportionals of baryta with 1 of acid. 


SeLeNniTE oF Baryra falls in the form of a white insoluble powder, 
when solution of selenite of potassa is added to chloride of barium. 
Biselenite of baryta is formed by dissolving carbonate of baryta in sele- 
nious acid; it forms a granular crystalline powder very difficultly soluble 
in water. 


SELENIATE oF Baryva resembles the sulphate in insolubility. 


CARBONATE OF Baryta. (B+ Ca?r/.)—This salt falls in the form of 
a white powder, when the soluble salts of baryta are precipitated by the 
alkaline carbonates. For this purpose carbonate of ammonia is preferable 
to the carbonates of soda or potassa, for portions of the fixed alkalis are 
apt to go down with the baryta. Other methods of obtaining carbonate 
of baryta are stated under the head Sulphate of Baryta. It is so nearly 
insoluble, that water at 60° only takes up about 1-4300th, and at 212° 
about 1-2300th part. Water saturated with carbonic acid dissolves 
1-820th. It has no action on vegetable colours: ‘it is highly poisonous. 
When baryta-water is added to solutions of the carbonated alkalis, it 
abstracts their carbonic acid. Like the other carbonates, it is decom- 
posed by the stronger acids with effervescence. It consists of 


Withering.  Berzélius. 
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_ Native Carbonate of Baryta was first discovered at Anglesark, in 
Lancashire, by Dr. Withering, and hence acquired the name of Witherite. 
It has also been found in Wales, Cumberland, Durham, Westmoreland, 
and Shropshire. Its primitive crystal is an obtuse rhomboid: sometimes 
it forms pyramidal six-sided prisms. That found in Lancashire is in 
globular masses of a radiated structure. Its density is 433. It is useful 
as a source of pure baryta and its salts. Though scarcely soluble in 
water, it is poisonous, probably in consequence of its solubility in the acids 
of the stomach. It dissolves more sparingly in solution of carbonic acid 
than the precipitated carbonate, and is more difficultly decomposed; but 


mye? 
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if mixed with charcoal-powder, and kept for some time at a high red- 
heat, carbonic oxide escapes, and pure baryta is formed. 


Cyanuret oF Barium (ba+cy) ig precipitated in the form of a 
white powder when hydrocyanic acid is mixed with baryta-water. . It is 
also formed by heating ferrocyanuret of barium in a retort, for it is not 
decomposed at a temperature which destroys the cyanuret of iron: it is 
sparingly soluble in water, and the solution soon becomes covered by a 
film of carbonate of baryta, when in contact with air. 


CyanaTE oF Baryta. (B+ CY/.)—When cyanogen is passed through 
a mixture of hydrate of baryta and water, cyanate of baryta and cyanuret 
of barium are formed: the latter may be decomposed by a stream of 
carbonic acid: the filtered liquor then yields, when concentrated by evapo- 
ration and mixed with alcohol, small prismatic crystals; when their 
aqueous solution is evaporated, it decomposes into carbonate of baryta 
and ammonia. 


Sunpnocyanuret or Barrum is formed by heating ferrocyanuret of 
barium with sulphur: it is soluble in water, and forms brilliant acicular 
crystals, which are slightly deliquescent. 


Borate or Baryta is formed by mixing a soluble salt of baryta with 
a solution of borax, and fusing the washed precipitate: it is a gray trans- 
parent glass, very sparingly soluble in water; before fusion itis a hydrated 
salt, somewhat more soluble in water, and its solution, according to Ber- 
zelius, is decomposed by carbonic acid. It is composed of 


Thenard. Berzelius. L: Gmelin. 
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Borortvoriwe or Barium.—Carbonate of baryta is added to the 
aqueous solution of fluoboracic acid, as long as it is dissolved: on evapo- 
ration some boracie acid first separates, and afterwards prismatic crystals 
of the borofluoride, soluble in water without decomposition, and deliques- 
cent in damp air: they contain 10°34 per cent. of water: ibe he 
posed at a red-heat; liquid fluoboric acid first passes off, then Huoboric 
gas; and fluoride of barium remains. ~ . 


Properties or Barytic Satts.—The soluble barytic salts furnish 
white precipitates of carbonate and sulphate of baryta, upon the addition 
of carbonate or sulphate of soda. They give a yellow tinge to the flame 
of spirit of wine. The sulphate is insoluble in nitric acid and in the 
alkalis, and very sparingly soluble in sulphuric acid. A saturated aqueous 
solution of sulphate of strontia is a good test for the salts of baryta; it 
requires to be used in pretty large quantity, and the solutions to he tested 
should be neutral or nearly so. (A. Taytor.) Nearly all the barytic 
compounds are poisonous; sulphate of baryta is, however, harmless: the 
safest antidote, therefore, is solution of sulphate of soda. (Or¥ita, Traité 
de Poisons; Curistison on Poisons.) Chloride of barium has been em- 
ployed in medicine, but the principal use of baryta is in the chemical 
laboratory. Itis possible that pure baryta might be economically used for 
the decomposition of sulphate of soda, to obtain the pure alkali. ; 
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 § VI. STRONTIUM. 


- Strontia (or strontites) was first discovered in the state of carbonate 


at Strontian in Argyleshire, and was supposed to be a carbonate of baryta. 


Crawford, in 1790, pointed out some of its distinctive characters, but it 


was first shown to contain a peculiar earth by Dr. Hope, in 1792, (Edin. 
Phil. Trans., iv.,) and by Klaproth in 1793, (Cretu’s Annals, 1793 and 
1794.) It is a substance of rare occurrence. The existence of strontium, 
as the metallic base of the earth strondia, was first demonstrated by Davy 


in 1808. It is probably as heavy as barium, and resembles it in appear- 


ance and in its leading chemical characters; it has, however, been as yet 
very imperfectly examined. The equivalent of strontium deduced from 


the best analyses of its compounds is 44, (43°8 Turner, 43°85 Granam, 


44 GMELIN. ) 


PRotToxIpE oF Strontium. Srrontia. (S++ 0) or Srr.—Strontium 
is rapidly oxidized by exposure to air, and it decomposes water, evolving 
hydrogen, and forming the oxide, Strontia may be obtained from the 
nitrate, the carbonate, and the sulphate of strontia, by processes similar 
to those directed in regard to baryta. It is a grayish-white substance; 
its specific gravity.is between 3 and 4; it is extremely infusible, not 
yolatile, has an acrid taste, and an alkaline reaction upon vegetable 
colours. It consists of 

Stromeyer. Davy. Berzelius. 
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-Strontia — 52 ~ 100-0 10000 100 100:00 


Hyprate or Srrontia. (Srr+Q.)—When strontia is sprinkled 
with water it heats and falls to powder like baryta, forming a solid 
hydrated compound of ] equivalent of strontia=52, and 1 of water=9; 
it fuses, but does not part with its water, at a red heat. It is insoluble 
in alcohol. It dissolves in about 160 parts of water at 60°, forming 
strontia-water. Boiling water dissolves it more abundantly, and on 
cooling deposits crystals in the form of thin quadrangular tables: their 
primary form is a right square prism (Brooks, Ann. of Phil., 2nd series, 
vii. 287); they are soluble in 50 parts of cold and 2 of boiling water 


(Darron), and are converted by heat into the protohydrate. They con-_ 


tain according to Phillips (Phil. Mag., 3rd series, vi. 52) 63°76 per cent. 
of water, and consist, therefore, of 1 equivalent of strontia= 52, and 10 
equivalents of water= 90. | 


PEROXIDE of Strontium may probably be formed by passing oxygen | 


over strontia at a proper temperature, but it has not, I believe, hitherto 
been so obtained. When peroxide of hydrogen is mixed with strontia- 
water, brilliant crystalline scales are thrown down, composed according to 
Thenard of 1 equivalent of strontium and 2 of oxygen. (St7/+20.) 
Dumas says that strontia does not absorb oxygen when it is heated in 


that gas, and that the precipitate thrown down by oxygenated water is a 
hydrated binoxide of strontium. 
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CuLoripE or Srroniium. (S¢/'+C.)—When strontia is heated in 
chlorine, it evolves 1 volume of oxygen for every 2 volumes of chlorine 
that are absorbed, and a chloride of strontium is the result. Heated in 
hydrochloric acid, strontia absorbs the gas with ignition and evolution of 
water. Chloride of strontium is generally obtained by dissolving car- 


bonate of strontia in diluted hydrochloric acid, evaporating to dryness, 


and fusing the residue. It is of a gray colour and an acrid taste. It 
dissolves in alcohol, and the solution burns with a purplish-red flame. Its 
aqueous solution furnishes, upon evaporation, hexagonal prismatic crystals, 
which are deliquescent and soluble in 2 parts of water at 60°. They 
contain 40°5 per cent. of water of crystallization. (Brrzetivs.) 100 parts 
of anhydrous chloride of strontium rapidly absorb 84°5 of dry ammonia, 
falling into a light bulky powder, which loses ammonia when heated. 


(H. Ros, Ann. de Ch. et Ph., uxii. 316.) The anhydrous or fused 
chloride consists of 


Strontium. e° e 1 oe. 44 e -@ 5d @ a 58 
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Chloride of strontium 80 100 100 


CHLORATE or Srrontra (StR+C/) is obtained in the same way as 
the chlorate of baryta; it is a very soluble and deliquescent salt, diffi- 
cultly crystallizable, and detonates when thrown upon red-hot coals with 
a beautiful purple light. It dissolves in alcohol. } 


Iopipr or Srrontium (St7'+2) may be formed as iodide of barium. 
Dissolved in water, and carefully evaporated, it furnishes delicate pris- 
matic crystals (Hydriodate of Strontia), which, heated in close vessels, 
fuse without decomposition; heated in the open air, iodine escapes, and 
strontia is generated. Iodide of strontium consists of 


Streuiune fee Ce ett bee oe Ue 44 196 
Iodine ° e e s ° e 1 e . 126 ° e 74 
Iodide of strontium 1 170 100 


Topate or Srrontia (Srr+2/) is obtained as iodate of baryta: it 
is soluble in 4 parts of cold water, and is resolved at a red heat into. 
oxygen, iodine, and strontia. 


BROMIDE OF Bees tun and BRoMATE OF STRONTIA. have not been 
examined. 


Fivorme or Strontium is a very difficultly soluble white powder, 
obtained in the same way as fluoride of barium. 


Nitrate oF Srrontia. (Str + 7/.)—This salt is obtained by 
processes similar to those for obtaining nitrate of baryta: it crystallizes 
in octoédrons: it is soluble in 5 parts of water at 60°, and in half its | 
weight of boiling water. It is insoluble in anhydrous alcohol. Its taste 


is pungent and cooling. At a red heat the acid is evolved and decom- 


posed, and strontia remains. According to Stromeyer, the crystallized salt, 
as ordinarily prepared, contains no water of crystallization. It is used in 
the red fire employed at the theatres, which consists of 40 parts of dry 
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nitrate of strontia, 13 of powdered sulphur, 5 of chlorate of potassa, and 
4 of sulphuret of antimony. The chlorate and sulphuret should be sepa- 
rately powdered, and mixed together on paper with the other ingredients ; 
a very small quantity of powdered charcoal may also be added. When 
nitrate of strontia is finely powdered and mixed with spirit of wine, it 
communicates a beautiful red tint to its flame. It is composed of 
Stromeyer. Cooper. Richter. 


Strontia . . . 1. 52 . 49 . 49°38 . 4908 . 486 
Nitric acid ec elo (640. 82 2 5S062> 760024 ore 


Nitrate of strontia 1 106 100 100°00 100°00 =: 100°0 


When a moderately-strong solution of the above anhydrous nitrate is 
set aside, it sometimes deposits at a low temperature oblique rhombic 
crystals, (Brooxr, Ann. of Phil., 2nd series, vii. 288,) composed of 


BtPOUUS Sa) oe agp el este ae ae lO ae ees 
Nitric acid e ° e e e e 1 e e 54 ° 2 38°0 ‘ 
IW Abe? bie ss Lo Gate eee 6.0 > Be | cote A te I ee 
Hydrated nitrate of strontia 1 142 100°0 


Sutpuuret or Strontium (St/+S) may be formed by fusing 
strontia and sulphur in a green-glass tube; or by exposing the powdered 
sulphate to a high red-heat with charcoal. It dissolves in water with 
the same phenomena as sulphuret of barium, and its solution furnishes, 
by cautious evaporation, crystals of hydrosulphuret of strontia. When 
strontia or sulphuret of strontium is dissolved in water by a current of 
sulphuretted hydrogen, and the solution evaporated in vacuo, square 
prismatic crystals are obtained, which, when heated, fuse and give off 
water and sulphuretted hydrogen, sulphuret of strontium remaining in 
the form of a white powder. (BERZELIUS.) 3 


, Hyposutpuite or Srrontia (Srr +5) is formed by passing sul- 
phurous acid into the solution of the sulphuret, or by exposing it to air: 
it crystallizes in rhomboids permanent at common temperatures, and 
soluble in about 5 parts of water at 60°. (Gay Lussac, Ann. de Chim., 
LXXXV.) Accor ding to Herschel, this salt is doubly refractive. Its taste 
is bitter, and it is insoluble in alcohol. The crystals consist of | 


Gay Lussac. 
Strontia . . Bedi el 8's 2:0 ped s - Ue ape arog meee 
H yposulphurous acid . pe CNR a Se RS Re |) 
‘Water on eh Oe EP Ba ae ae ee 
Crystallized hyposulphite of strontia 1 145 100°0 


‘ . ae : 
Sutpuire or Srrontia (SrrR+$) is tasteless, nearly insoluble, and 
becomes sulphate by exposure to air. 


HyposuLpuaTe oF STRONTIA (Srr + $/, ) crystallizes in hexangular 
tables, soluble in 4°5 water at 60°, and in 1°5 at 212°; insoluble in 
alcohol; bitter, permanent, and leaving 0°577 of sulphate of strontia after 
heating to redness, They consist of— 
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Heeren. 
Strontia . . > BE ads cin ot tee he le | vod se One sia Cares 
Byromstphiaie:s acid SS ee gh EI 2 ORRIN PERO 75), Pe eBG 
Water... a SMS eye Meal gg OO wh wie aa Oy a tity wee ee 
Crystallized hyposulphate of strontia 1 160 100°0 100°00 


SutpHaTe or Srrontia. (Str+8/.)—It is of very sparing solubility, 
1 part requiring 3840 of hot, and 4000 of cold water, for its solution; it 
is therefore thrown down whenever sulphuric acid or soluble sulphates 
are added to solutions of strontia. When heated with charcoal, its acid 
is decomposed, and sulphuret of strontium is formed, which affords nitrate 
by the action of nitric acid. This process, as practised upon sulphate of 
baryta, is sometimes adopted to obtain the salts of strontia, and, through 
them, pure strontia. Sulphate of strontia dissolves in hot sulphuric acid, 
but is thrown down upon adding water. At avery high heat it fuses 
into an opaque enamel. According to Moretti, its acid is expelled ata 
red heat by arsenic acid. It consists of 


Vauquelin. Stromeyer. Klaproth. 
SeERONUS ooo sc ox ge OR oe + BBD. BG B2) fee Bh on BT oe 8 
Sulphuricacid., . . . 1 . 40 , 4348. ., 464 5 43 , 42 


oo 


Sulphate of strontia 1 92  100°00 100 100 100 


Native Sulphate of Strontia is sometimes of a blue tint, and has 
hence been called celestine. Sometimes it is colourless and transparent. 
Its primitive form is a prism of 104° 48’ and 75° 42’ with a rhomboidal 
basis. It has been found at Strontian in Argyleshire; in the vicinity of 
Bristol; at Montmartre near Paris; in Germany, America, &c. The 
‘finest crystallized specimens are accompanied with native sulphur, from 
Sicily. Its specific gravity varies between 3 and 4. A baryto-sulphate 
of strontia, composed of about 3 atoms of sulphate of baryta and 7 of 
sulphate of strontia, is found in Upper Canada; and another variety, 
called radiated celestine, occurs at Norden, near Hanover. 


Puospuurer or Strontium (St7'+p) has properties analogous to 
those of phosphuret of barium. 


Hypornospaite oF Srrontia has been examined by Dulong: it is a 
very soluble and difficultly-crystallizable salt, and is obtained by a pro- 
cess similar to that for oe the hypophosphite of baryta. (Ann. de 
Ch. et Ph., ii. 142.) 


PHOSPHITE OF STRONTIA.—When carbonate of strontia is dissolved 
in phosphorous acid, a crystallized salt is obtained on evaporation: the 
crystals are decomposed by warm water, and a white powder falls, which 
is probably a neutral phosphite. (Brrzezivs.) When solutions of 
chloride of strontium and chloride of phosphorus are mixed and exposed 
to spontaneous evaporation, crystals of phosphite of strontia are deposited: 
when they are heated, phosphuretted hydrogen is evolved, and phosphate 
of strontia formed. 


PuosPHaTE OF Srront1a (Str+/) is an insoluble white salt; it is 
soluble in excess of phosphoric acid. It is entirely decomposed by sul 
phuric acid. By igniting it with charcoal, phosphuret of strontium is 
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by precipitation from nitrate of aaah by rhombic phosphate of soda, it 


obtained. It fuses, before the blowpipe, into a white enamel: Obtained — 
consists of: 


Vauqueliin. Stromeyer. 

BirOns ©. ue ew AS) BO. SO 0G fOr eee ree 

Phosphoricacid . . 1... 36... . 409 . alma 2" ™ oeeGs 
1 


ee 


88 100°0 100°00 100:000 


Phosphate of strontia 


Srnenirm orf Srrontra is an insoluble white powder. (BerzeEtivs, 
Ann. de Chim. et Phys., ix. 263.) There is also a difficultly-soluble 
biselenite. | 


CarBonaTE oF Strontia (Str+Cda7r/), when artificially formed, is 
a white powder, soluble in 1536 parts of hot water. When strongly 
heated with a little charcoal-powder, it is decomposed, carbonic oxide is 
given off, and pure strontia remains; but it is not decomposed by heat 
alone. When steam is passed over it at a high temperature, it parts with 
its acid and becomes a hydrate. Before the oxyhydrogen blowpipe it 
slowly volatilizes with a red light.. It is very slightly soluble by excess 
of carbonic acid, and the solution deposits small acicular crystals, It is 


composed of | 
Stromeyer. Ure. Klaproth. 
Sirona soty oot Sse die 82 “We OS 7 OSS. sy 69S eae 
Carbonic acid... ..:.2 0 sl--i« 22 ., 297 .29°68] -. 302. oe 
1 


Carbonate of strontia 74 100-0 100°000 100°0 1000 | 


Native Carbonate of Strontia or Strontianite is a rare mineral. It has 
a greenish tint, and occurs in radiated masses, and sometimes in acicular 
and hexaédral crystals. It was first discovered, in 1787, at Strontian in 
Argyleshire, whence the name of this earth; it has also been found in 
Saxony, and in Peru. Its specific gravity is 3:6. It generally contains 
traces of carbonate of lime. = 


,  CyANuURET oF Strontium has not been examined. 


SULPHOCYANURET OF Srrontium forms delicate prismatic crystals, 
which deliquesce on exposure. 


_ Borate or Srront1a was formed by Dr. Hope. It is a white powder 
‘soluble in 130 parts of water. 


Properties OF THE Sats or StronTrA.—There is in many respects © 
a resemblance between strontia and baryta, which has led to confusion 
in analysis. They are both found native in the states of sulphate and 
carbonate only; both sulphates are slightly soluble in excess of sulphuric 
acid, nearly insoluble in water, and decomposable by similar means, as. 
wall as the native carbonates; they are both crystallizable from their hot 
aqueous solutions, and both attract carbonic acid. The carbonates are 
each soluble with effervescence in most of the acids; but the native car- 
bonates are not so easily acted on as the artificial. Pure ammonia pre- 
cipitates neither one nor the other. The following are essential distinc- 
tions. Baryta and all its salts, except the sulphate, are poisonous. The 
corresponding strontitic salts are not so. Baryta tinges flame yellow; 
‘strontia, red. Strontia has less attraction for acids than baryta; hence 


ee a | 
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the strontitic salts are decomposed by baryta. The greater number 
of the barytie salts are less soluble than those of strontia; this even 
applies to the sulphates, for the sulphate of strontia is sensibly soluble 
in water, which the sulphate of baryta is not; hence the use above 
alluded to of an aqueous solution of sulphate of strontia as a test for 
barytic salts. The two classes of salts also differ in their respective forms. 
Pure baryta, moreover, is ten times more soluble in water than pure 
strontia. Baryta and strontia may also be distinguished by the follow- 
ing process:—Dissolve in hydrochloric, nitric, or any other acid with 
which it forms a soluble salt, then add excess of solution of sulphate of 
soda, filter, and test the clear fluid by carbonate of potassa: if any pre- 
cipitate falls, the earth was strontia; if none, baryta. This again shows 
the slight solubility of sulphate of strontia, and the insolubility (in such 
solution) of sulphate of baryta. Succinate of ammonia, and fluosilicic 
acid, precipitate baryta, but not strontia. 


§ VII. MAGNESIUM. 


_. Sm H. Davy found that when moistened magnesia is negatively 
electrized with mercury, the resulting amalgam decomposes water, and: 
gives rise to the formation of magnesia. The metallic base of magnesia 
had not, however, been examined, till Bussy, in 1830, obtained it by the 
decomposition of chloride of magnesium by potassium. (Ann. de Ch. et Ph., 
xLvi.) To effect this, some globules of potassium are put into a glass 
tube, and fragments of anhydrous chloride of magnesium placed over 
them: the latter is then heated till it begins to fuse, and the potassium 
allowed to run through it by slightly inclining the tube; ignition ensues, 
and the mass, when cold, affords, on washing with water, a number of 
small metallic globules, of a silver colour and lustre, and hard but malle- 
able. They are not acted upon by cold water. Mixed with chloride of 
potassium and fused, they coalesce into one mass, their fusing -point being 
apparently about that of silver. They dissolve in dilute hydrochloric, 
nitric, sulphuric, and acetic acids, and furnish solutions of magnesia. 
Heated in the air, or in oxygen, they burn vividly into magnesia. The 
equivalent of magnesium may be assumed as 12, (12-7 Turner, 12 
GMELIN.) 


Oxipe or Macnesium. Maenesta. (AG +0), or M.—This is the 
only known compound of magnesium and oxygen; it is generally procured 
by exposing the carbonate of magnesia for some time toa red heat. Mag- 

‘esia is a white insipid substance, which slightly greens the blue of 
violets, and reddens turmeric. But water which has been agitated with 
magnesia, when filtered through paper, does not produce similar effects. 
(Henry.) Upon infusion of red roses or red cabbage it has a more 
decided alkaline reaction and changes them to green. Its specific gravity 
is 2°3; it is almost infusible, and nearly insoluble in water. Cold water 
is said to dissolve it in the proportion of between a six and seven 
thousandth part; whereas one part of the earth, according to Dr. Fyfe, 
requires for its solution 36,000 of boiling water. I once succeeded in 
agglutinating a small portion of this earth in the Voltaic flame, and whilst 

_ exposed to this high temperature, it was perfectly fused by directing upon 
34 
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it the flame of oxygen and hydrogen. <A mixture of magnesia and lime 
is scarcely more fusible than the pure earth. It does not absorb carbonie 
acid or moisture nearly so rapidly as the other alkaline earths, and 
scarcely any heat is produced by pouring water upon it. When thrown 
down from its solutions by potassa, collected upon a filter, and dried at 
212°, it still retains a considerable quantity of water, amounting to about 
one-fourth its weight; in this state, therefore, it is a hydrale of magnesia. 
It is insoluble in solutions of potassa and soda. It forms bitter saline 
compounds with the acids, and is most readily distinguished from the 
other earths by the solubility and bitter taste of its su/phate: the sul- 
phates of the other alkaline earths being tasteless, or very difficultly solu- 
ble, while those of the earths proper are sweet or astringent. The 
attractions of magnesia for the acids correspond, in most instances, closely 
with those of ammonia, which is in some cases displaced by, and in others 
displaces, magnesia. It may also be observed, that ammonia and magnesia 
produce double salts with most of the acids. Magnesia consists of 


Wollaston. Gay Lussac. Berzelius. 
Magnesium 1 . . 12 . «. 60 . « 593 . « 595. « 6129 
Oxyrent 2i Wi o4) 1B lets a0n Se 407) Serene 38°71 


peek —_— —_———_ —— 


Magnesia 1 20 100 100°0 100°0 100°00 


Native Hydrate of Magnesia.—This mineral was first discovered by 
Dr. Bruce, in the serpentine rocks of Hoboken, in New Jersey; it has 
also been found by Dr. Hibbert, in a vein, traversing serpentine, at Swina- 
ness in Unst, one of the Shetland Isles. It has a greenish hue, and a 
soft lamellar texture. Sometimes it forms acicular crystals, and six-sided 


prisms. It consists of | 
Bruce. Fyfe. Stromeyer: 
Magnesia . .. - + « 1. 20 . 69 . 70 « 69°75 . 6835 
Water? 2 orn a a. De els paU eave oU One meee 
1 


Native hydrate of magnesia 29 100 100 #8 109-00 99°25 


CuLoripe oF Macnesium (AQ+C) may be obtained by passing 
chlorine over red-hot magnesia, mixed with a little charcoal; or more 
conyeniently, by heating in a retort a mixture of ] part of magnesia with 
2 of sal-ammoniac; or by Liebig’s method, which consists in evaporating © 
a solution of equal parts of hydrochlorate of ammonia and hydrated _ 
chloride of magnesium, and heating the dry residue in a platinum vessel 
till the hydrochlorate of ammonia is expelled and the mass fuses. The — 
residuary chloride of magnesium forms a lamellar white crystalline mass, — 
which evolves heat when acted on by water. This chloride cannot be 
obtained by merely evaporating its aqueous solution to dryness in an open 
vessel, for in that case hydrochloric acid escapes, and magnesia remains; 
but Davy found that magnesia heated in chlorine absorbed it, and gave 
out the usual relative volume of oxygen. Chloride of magnesium is very 
deliquescent; it is soluble in half its weight of water, and in_twice its 
weight of alcohol. It consists of aE i 


Wa oiestiin’.* ses Tr a eo 20 
Chlorine A iieFe ee Fea, PS eG 
] 


Chloride of magnesium 48 100 


i SWA-WATHRS 67 407 


When Solution of chloride of magnesium is concentrated by evaporation, 


and exposed to a cold atmosphere, it yields prismatic hydrated crystals, 
deliquescent, very soluble in water and alcohol, and of a bitter and biting 
taste. This salt was formerly termed muriate of magnesia; it is found 
in a few saline springs, and in the water of the ocean forming the princi- 
pal ingredient in the liquid which remains after the separation of sea-salt, 
and which is usually called bittern. The above-mentioned crystals con- 


sist, according to Thomson, of 


Chloride of magnesium .. . 
DVateR esac «1 os 


Crystals of hydrated chtoride of magnesium 


S Wied 9 TAS A AGB 
oMa EG die 14! fw we O80 
1 


102 100°0 


Sea-waTeR.—Chloride of sodium is as already stated by far the most 
abundant ingredient in the waters of the ocean; it constitutes in fact about 
two-thirds of the whole saline contents; the magnesian salts are however 
very characteristic of sea-water, and confer upon it many of its peculiarities, 
such especially as its bitter flavour and clamminess; sulphate of lime is 
the predominant calcareous salt. An accurate analysis of sea-water, made 
with the precision with which many mineral waters have been examined, 
is at present a desideratum in chemistry. As far as the above-mentioned 
salts are concerned, the following are the average contents of a pint of sea- 


_ Wwater:— 

Chloride of sodium . . . 
Chloride of magnesium. . 
Sulphate of magnesia... 
Sulphate oflime . . . » 


According to Murray (Edin. Phil. 


these salts, previous to evaporation, are arranged thus:— 


Chloride of sodium . . 
J Chloride of magnesium . 

Chloride of calcium . . 
Sulphate of magnesia . 


Le 


. ° - 180°5 grs. 

® ® e 6 e 23° 

e e ® e ° 15°5 

@ ° e ® 71 
226°1 


Trans., viii. 205), the elements of 


: . 180°5 grs. 
* s: 6) TBS) 
° ° a7 


226°1 


The average specific gravity of sea-water is 1:026 or 1:028. It freezes 
at about 28°5°, and does not appear materially to differ in composition in 
different latitudes, provided it be taken from a sufficient depth. Near 

_ the mouths of rivers, and in the vicinities of melting ice or snow, its 
- composition will of course vary. Traces of chloride of potassium, and of 
iodine and bromine, may also be found in it; and, according to Dr. Marcet 


(Phil. Trans., 1819 and 1822), of 


triple sulphate of magnesia and 


potassa, and of hydrochlorate of ammonia. He has also detected in it a 


minute portion of carbonate of lime. 


In respect to the general constitu- 


tion of sea-water, it appears from Marcet’s researches, (1.) That the 
southern ocean contains more salt than the northern, in the ratio of 
1:02919 to 102757. (2.) That the mean specific gravity of sea-water 
near the equator is 1:02777, or intermediate between that of the northern 
and southern hemispheres. (3.) That there is no notable difference in 


sea-water under different meridians. 


(4.) That there is no satisfactory 


evidence that the sea at great depths is more salt than at the surface. 


‘ 
4 


3AQ2 
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(5.) That the sea in general contains most salt where it is deepest and 
most remote from land, and that its saltness is always diminished in the 
vicinity of large masses of ice. (6.) That small inland seas, though com- 
municating with the ocean, are much less salt than the ocean. (7.) That 
the Mediterranean contains rather larger proportions of salt than the 
ocean. (Prout, Bridgewater Treatise.) 


CHtorIwe OF Macnesta.—The fluid obtained by condensing chlorine 


in a mixture of magnesia and water, was recommended by Davy (Elem. 


of Chem. Phil., 243) for some delicate bleaching-operations, but it has 
not been generally employed. 


CuLoratTe oF Maanesta is obtained by mixing a solution of fluosili- 
cate of magnesia with a hot saturated solution of chlorate of potassa, as 
long as a precipitate falls. (Berzetius.) When formed by saturating 
chloric acid with carbonate of magnesia, it is bitter, difficultly crystalliz- 
able, deliquescent, and very soluble in water. From the analysis of 
Chenevix (Phil. Trans., 1802), the crystals appear to contain 2 atoms of 
water; the constitution of the salt being (M+C/+2q). 


AMMONIO-CHLORIDE OF MaGNEsIuM is a crystallizable salt soluble in 6 
parts of water at 60°. 


Porasso-cHLORIDE oF MaGnestum may, by very careful evaporation, 
be obtained in rhombic crystals; but the constitution of this salt is so 
delicate, that it is liable to be separated into chloride of potassium and of 
magnesium by water alone ; and it is with certainty decomposed by alcohol, 
which takes up the magnesian chloride, and leaves the other undissolved. 
(Marcer, Phil. Trans., 1822, p. 456.) 


TopipE or Maenesium. (@9-+2.)—When iodine is heated with 
magnesia and water, iodide of magnesium and todate of magnesia are 
formed. By concentrating the solution, both salts are partly decomposed, 
and a brown flocculent zodide of magnesia falls (resembling kermes in 
appearance), which, when heated, loses part of its iodine, and is changed 
into a subiodide. (Henry, i. 593.) The hydrated iodide obtained by dis- 
solving magnesia in hydriodic acid is very difficultly crystallized, and when 
heated gives off hydriodic acid and leaves magnesia. 


Brome oF Macnesium (MQG + b) is only known as a bitter deli- 
quescent hydrate, resolved, by heat and air, into magnesia and hydro- ~ 
bromic acid. It forms acicular prisms, very soluble in water and alcohol. | 


It probably exists in very minute quantity in sea-water. 


Fivoripe or Macnesium (720g + J ) is obtained by digesting mag- 
nesia in hydrofluoric acid. Berzelius says that it is insoluble, and unde- 
composed at a red heat. | 


Nitrate oF MacnestA crystallizes with difficulty in rhomboidal — 


prisms, deliquescent, and soluble in its weight of water. In pure alcohol 
it is nearly insoluble, but 1 part dissolves in about 9 of alcohol of the 
specific gravity ‘840. Its taste is cooling and bitter, and it is decomposed. 
at ared heat. It is sometimes found in crude nitre. The crystallized 


salt, according to Kirwan and Bergman, contains about 30 per cent. of — 


4 
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water; according to Thomson, 6 atoms. According to Graham, 1 atom 
of water is essential to the constitution of this salt, so that when the 
crystals containing 6 atoms of water are highly heated, only 5 atoms go 
off, and ] atom remains in combination; this monohydrate may be fused 
without decomposition; when intensely heated the salt loses both acid 
and water, and magnesia remains: he therefore represents this salt as 
(M+2/+9)+59. On evaporating the alcoholic solution of nitrate of © 
magnesia, a solid aicoate is formed with which a portion of water is also 
probably associated. 


AMMONIO-NITRATE OF Macnesta may be obtained by evaporating a 
mixed solution of nitrate of ammonia and nitrate of magnesia; it forms 
prismatic crystals, of a bitter acrid taste, soluble in about 11 parts of 
water at 60°, and less deliquescent than their component salts separately. 
(Fourcroy, Ann. de Ch., iv. 215.) Berzelius admits the existence of 
this salt, but Graham did not succeed in forming it, or any other double 
nitrate. : 


, SULPHURET OF Maenesium. (G9 + S.)—Sulphur and magnesia do 

not appear to form a complete sulphuret, for when melted together the 
compound does not dissolve in water; and when heated, the sulphur 
burns off. Nor can a sulphuret of magnesium be obtained by heating 
the metal with sulphur. Berzelius states that sulphate of magnesia 
decomposed by an aqueous solution of sulphuret of barium yields a pre- 
cipitate of sulphate of baryta and a solution of sulphuret of magnesium. 
According to Berthier, when sulphate of magnesia is intensely heated in 
a.crucible lined with charcoal, a sulphuret of magnesium is formed; but 
when the charcoal is mixed with the sulphate, sulphur is evolved, and 
magnesia only remains. Hydrogen passed over sulphate of magnesia 
at a high temperature would also probably give this sulphuret. 


HyposutpHitE oF Maayesta (M £5) may be formed by boiling sub- 
limed sulphur in solution of sulphite of magnesia; it is bitter, very solu- 
ble, but not deliquescent. Being more soluble in hot than cold water, it 
readily crystallizes as its solution cools; heated, sulphur escapes, but it | 
is not very combustible. 


Ss 

SuLpHiTte or Macnesta (M+) is prepared by passing sulphurous 
acid through water containing diffused magnesia. It forms tetraédral 
crystals soluble in 20 parts of water at 60°, of a sweetish and sulphurous 
taste; they become opaque in the air, but are very slowly converted into 
sulphate: when in solution, however, this change soon ensues. When 
heated, this salt softens and acquires the consistence of gum, losing 0°45 
of its weight; ata high heat the acid is disengaged, and pure magnesia 
remains. (Dumas.) 


AMMONIO-SULPHITE oF MaacnestA may be obtained by mixing the 
solution of the two salts, or by saturating acid sulphite of magnesia 
with ammonia. It forms transparent difficultly-soluble crystals. 


HyposutpHate oF Macnesia (M-+ 8’) is difficultly crystallizable in 
hexagonal prisms, intensely bitter, fusible in their water of crystalliza- 
tion, very soluble in water, but not deliquescent. It is formed by mixing 
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the solutions of sulphate of magnesia and hyposulphate of baryta, and 
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appears from Heeren’s analysis (PoceENDoRFF, vii. 179), to consist, when 


erystallized, of 


Maenesia . ». . + «© + » 
Hyposulphuric acid «. - + 
VRRON et oie ata) sits 


Crystallized hyposulphate of magnesia 


Sutenate or Maayesta is a commonly-occurring salt, much used in 
When concentrated sulphuric acid is poured 
upon magnesia, intense heat is produced, and sometimes light. If the 
acid be dilute, and poured upon carbonate of magnesia, the latter is 
slowly dissolved with effervescence; and, upon evaporating the filtered 


medicine as an aperient. 


occ'e ley 00 RO ae 
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1 146 100:00 


solution, crystals of sulphate of magnesia may be obtained. 
The commercial demands for sulphate of magnesia are chiefly supplied 


from two sources, namely, sea-water, and magnesian limestone. 
gea-water is resorted to, the greater part of the common salt is first 
removed by evaporation, and the remaining biltern, consisting chiefly of 
a solution of chloride of magnesium and sulphate of magnesia, is boiled 
down with the addition of sulphuric acid. by which the chloride is ulti- 


When 


mately decomposed and converted into sulphate. Or the bittern may be 


decomposed by hydrate of lime, which is mixed with it in tanks, and the 
resulting precipitate is afterwards neutralized by sulphuric acid, by which 
sulphate of magnesia and sulphate of lime are obtained. When magne- 


sian limestone is used as a source of sulphate of magnesia it is calcined, 


and reduced to powder by sprinkling it with water; it is then diffused 
throuch water and neutralized by sulphuric acid, and as sulphate of-mag- 
nesia is so much more soluble than the sulphate of lime, it is easily 
separated. A solution of sulphate of lime may also be decomposed by 
carbonate of magnesia, as is sometimes seen, where water holding sul- 


phate of lime in solution filters through strata of magnesian limestone. 


The sulphate of magnesia from bittern is generally preferred as a 
source of magnesia, or carbonate of magnesia, in consequence of the 


absence of iron, traces of which are always discoverable in the sulphate 


obtained from the magnesian limestones; but as the latter is free from 
chloride of magnesium, and consequently not deliquescent, and may be 


obtained very nearly pure, it is preferred for general medical uses. 


Ff There are some saline springs or mineral waters in which sulphate of 


magnesia is the leading ingredient, as those of Seidlitz, Seydschutz. Esra, 
and formerly those of Epsom in Surrey, whence the name of Epsom salt: 


it is also largely obtained in some alum works: it not unfrequently 
occurs as a fine capillary incrustation upon the damp walls of cellars and 
new buildings; and it has been found native, constituting the hair salt of 


mineralogists. 


Sulphate of magnesia crystallizes (see fig. 10, p. 112) in four-sided 
prisms with reversed diédral summits. or four-sided pyramids. They 
refract double. (Brooke, Ann. of Phil., 2nd series, vi.40.) Their density 


is 1:76. Exposed to the air, it has, when pure, a slight tendency to efflo- 
rescence, but the salt of commerce is often deliquescent from the presence 


of a little chloride of magnesium. 


Its taste is saline and bitter. It is, 


Ie 


, 
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soluble in its own weight of water at 60°, and in three-fourths its weight 
of boiling water; or, more correctly, 100 parts of water at 32° dissolve 
25°76 parts of the anhydrous salt, and for every degree above that tempe- 
rature they take up 0°26564 parts additional. (Gay Lussac.) When 
exposed to heat it readily loses 6 equivalents of its water of crystalliza- 
tion, but retains 1 equivalent more obstinately. Ata red heat it becomes. 
anhydrous, and at a higher temperature it runs into a white enamel. 

The aqueous solution of sulphate of magnesia furnishes a precipitate 
of hydrated carbonate upon the addition of the carbonates of potassa and 
soda, but carbonate of ammonia does not even render it turbid, unless 
heat be applied, in which case a precipitate is also thrown down. The 
alkaline bicarbonates occasion no precipitate when added to cold solution 
of sulphate of magnesia, but after some hours crystals of hydrated carbon- 
ate of magnesia are deposited. 

The sulphate of magnesia of commerce is occasionally adulterated with 
small crystals of sulphate of soda; the fraud is detected by the inferior 
weight of the precipitate occasioned by adding carbonate of potass.; 
100 grains of pure crystallized sulphate of magnesia furnishing a precipi- 
tate weighing, when dried at 212°, about 40 grains. Anhydrous sulphate 


of magnesia consists of Gay _Ber- 

; : Henry. Lussac. zelius. Wenzel. 
Magnesia . Migel s etal sc bal stad oe.) ag 14) et dd < OL eee 
Sulphuric acid Pe ae 666 «67°86 *.. GF. 66 FP 645 


Anhydrous sulphate of magnesia 1 60 100-00 10000 100 100 1000 


—— 


And the crystallized salt contains, according to Graham, ] atom of con- 
stituent water and 6 of water of crystallization, it being represented by 
(M+5S/49)+ 6g. The proximate elements of the crystals are 

Gay Lussac. Wenzel. 


Magnesia . ] 20 . 16:26 16°04 . 16°86 

Sulphuric acid Sa etal la Yaw 40 i'n. abe ae sant tae Oar. o Mehran 

DAMES EN SAS ES SN AG tee | I 51°22 01°43 . 52°59) 
1 


Crystallized sulphate of magnesia 123 100.00 100-00 100.00 — 


AMMONIO-SULPHATE OF Maanesta may be obtained by mixing solution 
of sulphate of ammonia with solution of sulphate of magnesia; or by 
pouring ammonia into a solution of the sulphate of magnesia, in which 
case, part only of the magnesia is thrown down, the remainder forming, 
with the sulphate of ammonia, this triple salt, It crystallizes in 
Oblique rhombic prisms, (Brooxr, Ann. of Phil., 2nd series, vii. 117,) 


consisting of 


Mitscherlich. Fourcroy. 
Ammonia . 1 tt hears 200 Sulphate of 39 
Magnesia Fe tee Oe ee OOS samen : 
Sulphuric acid 2 . . 80 . . 42°33 Sulphate of 68 
‘Water ar 72 =, 88°09 magnesia t 
Crystallized . 1 189 100°00 DEV rane -at «tae get SU 


SurpHatr or Porassa and Macyesta (P +M +28’)+ 69 forms 
rhomboidal crystals, scarcely more soluble than sulphate of potassa, and of. 
a bitter taste. This salt appears, from Dr. Marcet’s observations, to exist - 


in sea-water. It may be obtained by evaporating a mixture of 2 parts 
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_of sulphate of potassa, and 1 of sulphate of magnesia, in complex crystals. 


According to Mr. Graham's views of the constitution of these sulphates, 
the atom of constituent water in this salt is replaced by an atom of sul- 
phate of potassa; its components being 
Mitscherlich. 
Potassa 1 Se MP Ay meee 
Magnesia. <. 0. 4epie Ole) on sere 
Sulphuric acid 2 . . 80 . . 39°76 
‘ Water . G8 ekb4d® (TA Le2664 
1 


202 160-00 


SuLpHaTE oF Sopa anD Macnesia (S+M-+25S’)+6 9 forms trun- 
cated rhombic crystals, soluble in about 3 parts of water at 60°; it.was 
first examined by Link, and afterwards by Dr. Murray, (Edin. Phil. 
Lrans., viii.) In this salt an atom of sulphate of soda replaces the con- 
stituent atom of water in the sulphate of magnesia; for its proximate 
elements are | , 12 


Sulphate ofcoda-. . 1 >y. 772 5 sate Ogee eee 
Sulphate of magnesia .;I . .. 69... 323° 2) 7) 32 
PY RbErey ea cos 4 6 os eS OR eee 


oO 
rs 


—— oe —— 


1 186 1000 100 
PHoseHvuRET OF MaGnesium has not been examined. 


Hypornospnire or Macnesta may be obtained by boiling oxalate of 
magnesia for a long time with hypophospbite of lime, filtering, and care- 
fully evaporating the liquid. ‘It crystallizes in octoédra, containing 55 
per cent. of water of crystallization: when this salt is heated it gives off 
water and phosphuretted hydrogen, and phosphate of magnesia remains. 


PuospHite or Macnesta is precipitated, according to Fourcroy and 
Vauquelin, by adding phosphite of potassa to: sulphate of magnesia, in 
the form of white flocks soluble in 400 parts of water, and by spontaneous 
evaporation yielding tetraédral efflorescent crystals. According to 
Dumas, phosphite of magnesia can only be obtained by the direct combi- 
nation of magnesia and phosphorous acid; evaporated in vacuo, it forms 
crystalline films containing much more water of crystallization than the 
phosphates of baryta or lime: when decomposed by heat it yields hydro- 


gen and phosphuretted hydrogen, and a yellowish-brown phosphate of 


magnesia remains. An ammonio-phosphile of magnesia may be formed, 
which is crystallizable, and difficultly soluble. 


_ Puospuate or Maenusta. This salt may be obtained by dissolving 
magnesia in phosphoric acid and evaporating till it crystallizes. It may 
also, be formed by adding phosphoric acid to a solution of acetate of mag- 
nesia, and evaporating the mixture. According to Fourcroy, four-sided 
prismatic crystals of phosphate of magnesia may be obtained by mixing 
the aqueous solutions of phosphate of soda and sulphate of magnesia. 
They require about 15 parts of water at 60° for solution, and are slowly 
efflorescent: when heated before the blowpipe, they leave a fusible trans- 
parent glass. “They are resolved by boiling water into an insoluble 
subphosphate of magnesia and a soluble superphosphate, According to 
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Graham, “phosphate of magnesia is formed by mixing cold solutions of 
common phosphate of soda and of sulphate of magnesia, and allowing the 
liquid to stand for 24 hours: the salt appears in tufts of slender prisms 
which effloresce in dry air; they are soluble in about 100 times their 
weight of water. The coinposition of this salt, which I carefully examined, 
may be expressed by the following formula: HO, 2 MgO, POs + 2HO+ 
2HO.” (Phil. Trans., 1837.) The crystallized neutral phosphate of 
magnesia consists, according to Riffault, of 


Riffault. 
Magnesia. Sern tim oin, +k cbnves AGG: oe eens, a ome LOE 4 
Phosphori ic acid Toke SBOE: forse OU eI tas 7 
Water y C3 vo. Mal, OOS deseuk Oe 
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Crystallized phosphate of magnesia 119 100°0 100 


The mineral called Wagnerite appears to be a sesquiphosphate of 
magnesia, but it also contains fluorine. 
Puospuate or Ammonta aNd Macnesta.—This double salt is pro- 
duced when an ammoniacal salt or pure. ammonia is added to a mixture 
of common phosphate of soda with any magnesian salt. Thus on adding 
ammonia or carbonate of ammonia to a mixed solution of phosphate of 


soda and sulphate of magnesia, the ammonio-magnesian phosphate falls 


ae Pe a 
7% = 


in the form of a white granular or crystalline precipitate, insoluble in the 
liquid from which it is thrown down, but sparingly soluble in pure water, 
so that it cannot be washed upon the filter without sensible loss. It is 
readily soluble in the greater number of diluted acids. When its solution 
in aqueous carbonic acid is exposed to the air it slowly forms a superficial 
crystalline film as the carbonic acid escapes; and if bicarbonate of ammo- 
nia be used in its formation it falls slowly, but its appearance is curiously. 
accelerated by drawing lines with a glass rod upon the surface of the 
glass or basin containing the mixed solutions, when the double phosphate 
presently appears upon those lines. This method of recognising the pre- 
sence of magnesia was first suggested by Wollaston; and indeed, the 
formation of this double salt is the readiest test of magnesia which we 
possess. The composition of this salt has been variously stated, especially 
as regards the proportion of ammonia and of water which it retains under 
various modes of drying. According to Graham, when dried at 65° it is 
a compound (in our equivalents) of 2 atoms of phosphoric acid, 2 of 
magnesia, 1 of ammonia, and 13 of water; of this water, it is eid 
that 1 atom is in combination with the ammonia, constituting oxide GE 
ammonium; that is (n+sh4+ 0). At 212°, 10 atoms of the remaining 
12 atoms of water may be expelled without any loss of ammonia. If it 
be rapidly dried and then raised to a red heat, it appears to burn like 
tinder and leaves a residue of pyrophosphate of magnesia, which contains 
36:6 per cent. of magnesia. Adopting Mr. Graham’s view of the consti- 
tution of this salt, it is a compound of 2 atoms of oxide of magnesium, 1 
of oxide of ammonium, 2 of phosphoric acid, 2 of constituent water, and 
10 of water of crystallization; and the following, therefore, is its rational 


formula: 2(M0g +0) -+(m+4h+0)+2(p+20)+2(h+0)+0(h+0. ) 


Its proximate components are— 
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VOTE a, Mere se st te hts Geek 117 47°95 
Ammonio-magnesian phosphate | 246 109°0 


The ammonio-magnesian phosphate is deposited from human urine, 
often in the form of white sand, or as a superficial crystalline film, 
especially in cases where the natural acidity of the urine is diminished by 
diet, medicine, or morbid action, constituting what has been termed the 
phosphatic diathesis: it frequently forms urinary calculi both in the 
human subject and in quadrupeds, and it commonly occurs in intestinal 
concretions; it is found in the grain of wheat, barley, and rye, and when 
ammonia is added to fresh beer this salt is precipitated. 


CARBONATE oF Macyesta.—This term is generally applied to the 
white precipitate obtained by adding carbonate of soda or potassa to a 
solution of sulphate of magnesia, and thoroughly edulcorating and drying 
the precipitate; it is usually obtained from boiling solutions, and great 
attention should be paid to the purity of the water employed in washing 
the precipitate, and to the method of drying it. It varies somewhat in 
composition, and in density, when dried, according to the method adopted 
in its precipitation. It is the magnesia alba of pharmacy, and appears 
to be a compound of hydrate of magnesia and carbonate of magnesia, 
probably in the proportions of ] atom of quadrihydrate and 1 atom of car- 
bonate. (M+4q)+(M-+ car’), or, perhaps, (M+39)+(M+cdar'+q). 
It. has been repeatedly analyzed, and the following are some of the 


results:— Dalton 
and Bucholz. 
Kirwan. Bergman Henry. Klaproth. hot ppt. cold ppt. Berzelius. 
Magnesia. . 45 . 45 . 438 . 40 «. 42 . 33 . 41°60 to 43-2 
Carbonic acid. 34..°25 . 40 . 33 .. 35 = S2 . SDB t03564 
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100 109 100 100 100 100 109°09 100°0 


Two kinds of carbonate of magnesia are kept in the shops, the ight and 
the heavy: they are prepared as follows. (PErEtra, Elements of Mat. Med., 
363.) “For heavy magnesia, add 1 volume of a cold saturated solution of 
carbonate of soda to a boiling mixture of 1 volume of a saturated solution 
of sulphate of magnesia and 3 volumes of water: boil until efferves- 
cence has ceased, constantiy stirring with a spatula. Then dilute with 
boiling water, set aside, pour off the supernatant liquor, and wash the 
_ precipitate with hot water on a linen cloth; afterwards dry it by heat 
in an iron pot. Light magnesia is prepared by employing dilute solu- 
tions of the sulphate of magnesia and carbonate of soda. , If no heat 
be used it is apt to be gritty. A heavy and gritty magnesia is prepared 
by separately dissolving 12 parts of sulphate of magnesia and 13 parts 
of crystallized carbonate of soda in as small a quantity of water as possible, 
mixing the hot solutions, and washing the precipitate.” 

When a current of carbonic acid gas is passed through a mixture of 
water and magnesia, a clear solution of carbonate of magnesia is obtained, 
which has a bitter taste, and which, when surcharged with carbonic acid, 


a 
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affords a useful medicinal preparation. But a solid or crystallized hicar- 
bonate of magnesia cannot be obtained, and the crystals which are depos- 
ited when this solution is left to spontaneous evaporation, and which are 
oblique rhombic prisms (BrookE, Ann. of Phil., 2nd series, vi. 375), are 
hydrated carbonate of magnesia, composed of 


Berzelius. Henry. 
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When these crystals of hydrated carbonate are put into cold water 
they are decomposed, carbonate of magnesia is dissolved, and a subcar- 
bonate is deposited. Boiling water produces the same precipitate, but 
carbonic acid is evolved, and nothing remains in solution; in this case 
the precipitate is magnesia alba. (Berzetius.) Exposed to a dry air 
they effloresce and lose 2 equivalents of water. (GraHamM.) . 

There are other processes than those above mentioned by which the 
carbonate of magnesia of commerce is procured, such as by decomposing 
the bittern of the sea-salt works, by magnesian limestone, or by crude 
carbonate of ammonia, produced by the distillation of bone; in the latter 
case sulphate and hydrochlorate of ammonia and carbonate of magnesia 
result; the solution of the ammoniacal salts is evaporated-to dryness and 
sublimed with chalk; carbonate of ammonia is thus reproduced for the 
decomposition of a second portion of bittern, and so on. 

Native Carbonate of Magnesia has been found in Piedmont and 
Moravia, constituting the mineral calléd magnesite. It has also been 
found at Hoboken, in North America, in veins in a serpentine rock, 
accompanying the nalive hydrate. It is generally white and friable, and 
in some places in fine acicular crystals. A variety of native carbonate of 
magnesia brought from the East Indies by Mr. Babington, has been 
described and analyzed by Dr. Henry (Ann. of Phil., i. 254). It is 
white, massive, hard, of a conchoidal fracture, and translucent at the 
edges; specific gravity 2°6. It slowly dissolves in acids, and is composed 
of 1 atom of magnesia+ 1 atom carbonic acid. 


CarBonaTE or Ammonia AND Macnesta.—When 3 parts of sesqui- 
carbonate of ammonia and 1] of sulphate of magnesia are dissolved, 
transparent rhomboédral crystals are after a time deposited, constituting 
this double salt. They are soluble without decomposition in boiling 
water, but continued boiling renders the solution turbid. At a red heat 
their carbonic acid, ammonia, and water are volatilized, and magnesia 
amounting to 15°6 per cent. remains. (GuIBoURT.) 


CarponaTE or Porassa AND Maanesta.— When excess of bicarbonate 
of potassa is mixed with chloride of magnesium no precipitation ensues, 
but in a few days crystals are formed, of an alkaline taste, which are 
decomposed by hot water. They may be regarded asa hydrated com- 
pound of 1 atom of bicarbonate of potassa+2 atoms of carbonate of 
magnesia, for they consist of— : 
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CARBONATE oF Sops AND Macenesta is formed as the triple potassa 
salt, by bicarbonate of soda; but it is not so easily decomposed; and, 
accordingly, when magnesia is precipitated by excess of carbonate of soda, 
a portion of the triple soda-salt is retained, and not easily washed away. 


CARBONATE OF Lime AND Magnesia is the mineral known under the 
name of bitler-spar; it has the primitive form of carbonate of lime, and 
consists of 1] atom of each of its component carbonates. 


Boratr or Macnesta may be formed artificially, by boiling horacic 
acid and magnesia in water; as the solution cools, it deposits the salt in 
crystalline grains. Wohbler obtained a neutral. borate of magnesia by 
heating the mixed solutions of sulphate of magnesia and borate of soda 
to the boiling point, to form a precipitate; this was then allowed to 
digest for some time in the mother-liquor at a temperature nearly as low 
as 32°, by which it was redissolved, and acicular crystals subsequently 
formed upon the sides of the vessel, which were insoluble in water. 
When heated, these crystals lost 52°5 per cent. of water, =8 atoms, and 
left a compound of single equivalents of boracic acid and magnesia. 
After the separation of this neutral borate, the liquid afforded large 
crystals of a double borate of soda and magnesia, containing 52°5 per 
cent. of water. Borate of magnesia occurs native in a mineral called 
boracite, hitherto only found in the duchy of Luneburgh. Its primitive 
form is the cube, but the edges and angles are generally replaced by 
secondary planes, and four of the angles are always observed to present 
a greater number of facets than the other four: these crystals become 
électric by heat, the most complex angles being rendered positive, and the 
simplest negative. It sometimes contains lime. It appears to consist of 


Arfwedson. Stromeyer. 
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Tue Sarts oF Maenesta are, for the greater part, soluble in water, 
and of a bitter taste; they afford precipitates of carbonate of magnesia, 
upon the addition of carbonate of potassa or soda: they are not precipi- 
tated by the alkaline bicarbonates. Phosphate of soda occasions no 
immediate precipitate when added to a magnesian salt, but the subse- 
quent addition of ammonia causes a white precipitate of the ammonio- 
magnesian phosphate. A solution of phosphate of ammonia with excess 
of base is also, upon the same principle, a good precipitant of magnesian 
salts. The pure magnesian salts, when heated before the blowpipe with 
a little nitrate of cobalt, furnish pale rose-coloured compounds. 
_ The separation of magnesia and lime is a problem of some importance 
in analytical chemistry, as they often exist together in the same mineral, 
more especially in the varieties of magnesian limestone. When solution 
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of carbonate of ammonia is added to the mixed solution of lime and 
magnesia in nitric or hydrochloric acids, carbonate of lime falls, and the 
magnesia is retained in solution, and may be separated by boiling with 
carbonate of potassa: this method, however, is not susceptible of accuracy, 
for a portion of carbonate of lime is retained with the magnesia in solu- 
tion, and an ammonio-magnesian salt is also formed. Mr. R. Phillips 
(Quarterly Journ., vi. 317) proposes the following process:—“To the . 
hydrochloric or nitric solution of lime and magnesia, add sulphate of am- 
monia in sufficient quantity; evaporate the mixture gradually to dryness, 
and then heat the residue to redness till it ceases to lose weight, by the 
volatilization of the hydrochlorate or nitrate of ammonia formed: note the 
weight of the mixed salt, reduce it to powder, and wash it with a saturated 
solution of sulphate of lime till all the sulphate of magnesia appears to be 
dissolved; dry the sulphate of lime left, and by deducting its weight from 
that of the mixed sulphates, the quantity of magnesia dissolved will 
appear.” Another process is as follows:—To the mixed solution of lime 
and magnesia add oxalate of ammonia slightly acid, collect the precipi- 
tate, wash, and dry it at 212°: 100 parts indicate between 38 and 39 of 
lime. If nitric acid were used for solution, the magnesia may afterwards 
be obtained by evaporation and heating the residue to redness in a pla- 
tinum crucible till it ceases to lose weight. If sulphuric acid were the 
solvent, the same operation affords dry sulphate of magnesia, of which 60 
parts are equivalent to 20 magnesia; or the magnesia may, in other 
cases, be precipitated by phosphate of ammonia as above stated (p. 713). 
In the analysis of minerals which contain magnesia, and which resist the 
action of acids, fusion with alkaline bodies must be resorted to. <As 
instances of these analyses the reader is referred to Klaproth’s examina- 
tion of the chrysolite, and of olivine, in the 7th and 8th sections of the first 
volume of his Analytical Essays. See also Rost’s Analytical Chemistry. 


Maenestan Minerats are generally soft and apparently unctuous to 
the touch; they have seldom either lustre or transparency, and are gene- 
rally more or less of a green colour. Sveatite or soapstone, talc, and 
asbestos, may be taken as instances. The chrysolite however contains 
more than half its weight of magnesia. The mineral called billerspar, of 
which the finest specimens come from the Tyrol, contains 45 per cext. 
carbonate of magnesia, 52 carbonate of lime, anda little iron and man- 
ganese. Its primitive crystal is a rhomboid nearly allied to that of car- 
bonate of lime; its angles being 106° 20’, and 73° 80’. It is generally of 
a yellowish colour, and a pearly lustre; semi-transparent and brittle. <A 
variety found at Miemo in Tuscany, has been called Miemite. The species 
of marble, termed Dolomite, found in the Alps, at Icolmkill in Scotland, 
and elsewhere, contains also a large quantity, generally 40 per cent. of car- 
bonate of magnesia. The same may be said of the magnesian limestone 
of Derby and Nottingham: it is generally of a yellowish colour, and less 
rapidly soluble in dilute hydrochloric acid than the puré: limestone, 
whence the French have termed it chauwx carbonatée lente. The lime which 
it affords is much esteemed for cements, but for agricultural purposes it is 
often mischievous, in consequence of its remaining caustic for a yery long 
time, and thus injuring the young plant. 
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THE common ore of manganese is the black, or peroxide, which is 
found in considerable abundance, and is of important use in the arts; 
this metal also occurs in a few animal products, and is not uncommonly 
discovered in the ashes of vegetables. Particular attention was first 
directed to the black oxide of manganese by Scheele, in 1774, and 
shortly afterwards Gahn found that it contained a peculiar metal, which 
he first called magnesium, but which was afterwards termed Manganese. 

In some respects manganese resembles the metals already described; 
in others, it is eminently different. Like them, it has a powerful affinity 
for oxygen, speedily attracting it from air and water; and its oxides are 
extremely difficult of decomposition: they have, however, nothing in 
common with alkaline bodies; and manganese, in its highest state of 
oxidizement, constitutes an acid. 

To obtain metallic manganese, the carbonate of manganese may be 
mixed into a paste with oil, and subjected to heat gradually raised to 
redness, in a glass or earthen retort, or other close vessel. The carbo- 
naceous mixture thus obtained is then rammed into a good crucible, 
which is filled up with charcoal-powder, and subjected for two hours to 
the strong white-heat of a wind-furnace: a metallic button is thus 
obtained, which is manganese, containing a little carbon and silicium, from 
which it may be freed, according to Dr. John, by fusion with borax in a 
crucible coated with charcoal; it is doubtful, however, as Berzelius has 
observed, whether in this case it does not contain a little boron. 

When the tartrate of manganese and potassa is intensely heated in a 
wind-furnace, it furnishes globules of metallic manganese; and as this 
salt is easily obtained in a state of purity, its decomposition is perhaps 
the simplest process for obtaining the pure metal, care being taken to 
exclude foreign substances derivable from the fuel or from the crucible. _ 

Manganese, as thus obtained, is a hard gray metal, exhaling a peculiar 
odour when handled or breathed upon; it is brittle, and has a granular 
and sometimes a slightly crystalline fracture; its specific gravity is 8-013 
according to John, 7°05 according to Berthier, and 6:8 according to Berg- 
man. ‘The specific heat of a specimen of manganese, not however pure, 
but containing carbon, was, as determined by Regnault,—0-14411. 
When pure, it does not affect the magnetic-needle, but often does so 
from containing a trace of iron. It is softer than cast-iron, and admits 
of filing, yet brittle enough to be reduced into an iron-gray metallic 
| powder. It is best preserved in naphtha; for in the air it soon tarnishes 
and crumbles down into a black powder, and undergoes the same change 
in water, with the evolution of hydrogen gas. It may also be con- 
veniently kept in a small glass tube hermetically sealed. When handled 
With moist fingers it exhales a disagreeable odour, and when acted on 
by the acids the purest specimens hitherto obtained always afford traces 
of carbon; there are therefore considerable discrepancies in the accounts 
of the properties ascribed to this metal. | | 

The equivalent of manganese may be assumed as= 28, (28°5 Gamzzin, 
27°7 TURNER.) 23h : | 
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MANGANESE AND Oxycen.— Five compounds of manganese and 
oxygen, three of which are oxides, and two acids, are now generally ad- 
mitted ; together with two intermediate oxides, namely, the red oxide, and 


the mineral called Varvicite. The formule of these several compounds 
are as follows:— 


Protoxide . ... . . (MaN+0) 

Sesquivxide or deutoxide (NAN+1:0) or (2NaAN+30) 

Binoxide or peroxide . (NAN+20) 

Red oxide . . . . . (3920 +40) or (MAN+0)+2@MNAN+30) 
Varvicite . . . . . (2MAN+3:0) or (NAN +10) +(MaN +20) 
Manganic acid . . . (NAN+30) 

Permanganic acid . . (NAN+3:0) or (27NdN+70) 


PROTOXIDE OF ManGaNeEsE. MancGanous OxipE. (7202+ 0) or Man, 
is obtained: (1.) By passing acurrent of hydrogen over the pure deutoxide 
cr peroxide of manganese, contained in a porcelain or iron tube, exposed 
to a heat gradually raised to bright redness: water is formed, and a 
dingy-green powder remains in the tube, which is the protoxide. The 
oxide obtained by igniting the protonitrate-of manganese is recommended 
by Turner as best suited to this reduction, the native oxide and especially 
the peroxide being reduced with great difficulty. The reduction, he says, 
commences at a low red-heat, but a full red-heat is required for its com- 
pletion, (2.) It may also be procured by mixing the peroxide with half - 
its weight of hydrochlorate of ammonia, and projecting the mixture in 
successive portions into a red-hot crucible; the product is lixiviated, and 
the solution of chloride of manganese, thus obtained, is decomposed by 
the addition of carbonate of potassa; the precipitate is collected, washed, 
dried, and exposed, out of the contact of air, to an intense heat: or it may 
be heated in a tube, through which a current of hydrogen is passed. In 
this process, so long as there is excess of the oxide, the manganese only 
is converted into chloride by the hydrochlorate of ammonia, and other 
metals that may be present are not rendered soluble. (3.) Wohler and 
Liebig obtain it by fusing chloride of manganese with twice its weight of 
carbonate of soda; the resulting chloride of sodium is removed by washing 
from the residuary protoxide of manganese. The addition of a small 
quantity of hydrochlorate of ammonia in this process is useful to prevent 
the formation of any peroxide. 

Protoxide of manganese is of a gray-green colour, and when obtained 
by means of hydrogen at a low temperature acquires oxygen from the 
air, and is sometimes pyrophoric: obtained by the other processes it 
is not altered by mere exposure to air. Heated in the air, it absorbs 
oxygen, and is converted into deutoxide; and at a temperature of about 
600° burns like tinder. It is soluble in the dilute acids, and is the basis 
of the ordinary manganesian salts. When put into concentrated sulphuric 
acid, it evolves intense heat. Its solutions and salts are nearly colourless 
when perfectly pure, but they generally acquire a slightly-pink hue, 
probably from the presence of a minute quantity of manganesic acid. 
When ammonia is added to the solutions of this oxide, the whole is not 
precipitated, but it forms a triple salt, as is the case with magnesia. If . 
manganesic solutions contain silica, (as is often the case, and especially _ 
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in the analysis of ores and minerals containing manganese,) the silica 
falls in combination with the oxide of manganese, when they are precipi- 
tated by an alkali; it may be separated by dissolving the moist precipi- 
tate in hydrochloric acid, evaporation to dryness, and washing. (Ber- 
ZELIUS.) The equivalent number of manganese deduced from the compo- 


sition of this oxide is 28, and it consists of 

Berzelius and 
4 Forchammer. Arfwedson. Davy. 
Manganese .... 1 284; . MILITC.- gO Ola. pos ange 
ORY PON + ous ee eh a PRD «) geet neo ay anne nee 
1 


Protoxide of manganese 36 ~—- 100-00 100°0 100°00 100 


Hypratep Protoxipe or Mancanesr.— When the solution of 
chloride of manganese is decomposed by a solution of potassa, a bulky 
white precipitate falls, which is a hydrated protoxide of manganese, con- 
taining, according to Davy, 24 per cent. of water; it very speedily 
becomes brown by exposure to air, in consequence of the absorption of 
oxygen; and, when collected and washed upon a filter, it becomes a brown 
powder, which is a hydrate of the deutoxide. 


SEsQuIoxIDE OF Manaanese. Devroxipe or Mancanese. (Man 
+1:0.)—When protoxide, or carbonate of manganese, is exposed for 
some time toa red heat in an open vessel, it absorbs oxygen, and is 
converted into a deep-brown powder. An oxide similarly constituted is 
also obtained by heating the pure peroxide of manganese in a platinum 
crucible till it ceases to give out oxygen. When ammonia is added to 
the pink solution obtained by triturating a mixture of peroxide of man- 
ganese and binoxalate of potassa with water, a precipitate is obtained, 
which, when well washed and heated red-hot, is similar in composition — 
to the above. By exposing the protonitrate of manganese to a red heat, 
the sesquioxide remains in the form of a black powder. The characters 
of this oxide, in respect to solvents, differ with its state of aggregation; 
but it does not form permanent or definite salts; for such of its acid 
solutions which are at first red, become colourless when heated, or when 
exposed to air and light, and deposit peroxide, while a portion of prot- 
oxide remains in solution. Heated with hydrochloric acid, chlorine is 
evolved, and with sulphuric acid, oxygen; and a protochloride and _pro- 
tosulphate of manganese result. Digested with nitric acid, a protonitrate 
and peroxide of manganese are formed. “From the proportion of oxygen 
and manganese in this oxide, it has sometimes been regarded as a com- 
pound of 1 equivalent of peroxide and 1] of protoxide: in that case, it 
would be constituted like a salt, and should have the properties of that 
class of compounds; but Mitscherlich has succeeded in combining it 
with sulphuric acid, and has obtained with it an alum similar in form | 
and constitution to those of peroxide of iron and alumina; it must 
therefore be considered as a direct compound of 2 equivalents of man- 
ganese and 3 of oxygen.” (Turnur.) Assuming it as a sesquioxide, it 


contains Arfwedson and 
Forchammer. _ Berzelius. 


Manganese . 1; nas beets (ree se hEO) Ye egO wh Baan ger ae 
Oxryeen teehee be e128 ce O0e, aoe a, 27°26 
Sesquioxide of manganese 1 40 100 100°0 100-00 
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Hypratep Sesquioxipe or Man@aneEsE is obtained by exposing the 
moist protoxide to the action of air. It is a common natural product 
(the manganite of mineralogists), occurring crystallized and massive, and 


- §0 closely resembling the peroxide, that it is often difficult to distinguish 


them; the powder of the hydrated sesquioxide is, however, generally 
brown, that of the peroxide black ; the former, heated in a tube, gives off 
water and little oxygen; the latter, little moisture and much oxygen. 
Heated by the blowpipe with glass of borax, the sesquioxide of man- 
ganese dissolves with a red or violet colour in the outer flame; in the 
inner flame it becomes colourless in consequence of deoxidizement, but 
reacquires colour when transferred to the outer oxidizing flame. 


BryoxivE oF MANGANESE. PEROXIDE or Mancanese. (MAN+20.) 
—This is the oxide which most commonly occurs native, and is resorted 


to as the source of the other combinations of this metal. In this country 


it is common in Devonshire, Somersetshire, and Aberdeenshire. It is 


found in a variety of forms: compact and massive, pulverulent and crys- 
tallized. Many of the latter varieties have a gray metallic lustre, and are 
found acicularly radiated, and in rhomboidal prisms. Its specific gravity 
varies between 4°8 and 4:9. It is the pyrolusite of some mineralogists. 


_ The following analyses of five samples of native peroxide of manganese 
_ are given by Dumas, upon the authorities of Berthier (1. 2, 3.), Klaproth 


5 (4.), and Turner (5.). 


I. II. III. IV. Vv. 
eroxide of manganese 93°38. . 84:0-. . 9727 . . 995 . . 978 
Berea Chiron. x 10 POP i. CLO 6 OO OO 
\Oxide of copper, . . trace’. . trace. - trace. . OO . . 00 
Perponate of ume . <1 O00 S-. O eO 240 8 a OO. Oe 


OGL haces ae” SES Sia a C | Sn SURE) | eee 
Pete ee wee ee OS. 6G)! UO... OO ao ee 
Deg cleaner. Hoar see el as Oe OL Se ood be OE oo, Oars Re pS 


100°0 100-0 100°0 100°0 100-0, 
Under the name of manganese, this substance is met with in commerce, 


and is largely consumed in the manufacture of bleaching compounds. In 
the laboratory, it is resorted to as a source of oxygen gas, for which 


_ purpose it should be well dried previous to introducing it into the retort 
 (p. 358). Sometimes it is mixed with carbonaceous matter, and then 


yields carbonic acid: it also generally gives off a little nitrogen upon the 


first application of heat, the source of which is not obvious. Carbonate 


of lime, sulphate of baryta, oxide of iron, and several other substances, 


_ are frequently associated with it. It is also used to give a black colour 
_ to earthenware, to remove the brown colour which glass derives from 
_ peroxide of iron, and sometimes to sweeten foul water at sea, or to preven 


its becoming so. It usually loses weight, on being dried at a temperature 


not exceeding 300°; at a red heat it becomes sesquioxide; and, intensely 


+ 
4 


heated in an iron tube, or with a minute quantity of carbonaceous matter, 


_ part of it becomes protoxide. It is not altered by air or water. It forms 


ne 


~ 
‘et 
oe 


no combinations with the acids; but such of them as appear to dissolve 
it, reduce it to the state of protoxide. Gently heated with hydrochloric 


acid, chlorine is liberated, in consequence of the decomposition of the acid 


iG 


- 
‘") 
’ 


by the oxygen of the oxide (p. 399). Boiled with sulphuric acid, oxygen 


3B 
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‘is evolved, and a soluble sulphate of the protoxide is formed, together 
with a small portion of manganic acid, which gives the solution a pink 
colour and bleaching properties. Nitric acid does not attack it unless it 
contains sesquioxide, or some deoxidizing agent be at the same time 


present. Peroxide of manganese consists of Bersdlius'and. oa 

Forchammer. Arfwedson. 
Manganese .. .. 1. . 28 . . 636 . . 63°75 « . 6402 
Oxysen. .,. - 2 2. . 1. . 364 © . 3605 . 35°98 


—_—_—_- 


Peroxide of manganese ] 44 100°0 100°00 100°00 


Hypratep Prrox1pE oF MANGANESE is obtained, according to 
Berthier, by passing chlorine through the protocarbonate of manganese 
diffused in water; a black powder falls, which, when washed and care- 
fully dried, consists of 88 peroxide and 12 water. A hydrated peroxide 
(consisting of 1 atom of peroxide and 1 of water) is formed by precipi- 
tating protochloride of manganese by chloride of lime. ‘The soft black 
mineral known to our miners under the name Wad, is also a hydrate of 
the peroxide of manganese: it contains 2 atoms of water. Dr. Thomson 
states that when a neutral solution of protoxide of manganese is mixed 
with a solution of chloride of soda, made by adding carbonate of soda to 
a solution of neutral chloride of lime till the lime is all precipitated, a — 
beautiful black precipitate falls, which, when washed and dried, consists 
of 3 atoms of binoxide and 1 of water. 

Pure peroxide of manganese is sometimes useful as a test of the 
presence of iodine, bromine, and chlorine. When mixed with a salt con- 
taining iodine, and the mixture heated with a little sulphuric acid, the 
violet vapour of iodine is evolved; the salts of bromine ‘give in the same 
way a brown vapour; and from the chlorides chlorine is evolved. 


ST ee et ee a Se Mae oe ee Ee ee PT Wee, Meee gee 


Rep Oxipe or Maneanerse.—This is the oxidum manganoso-man-— 
ganicum of Berzelius and Arfwedson: it exists native, constituting the 
/mineral termed Hausmanile, which appears to contain 3 atoms of man- 
ganese and 4 of oxygen: proportions which are equivalent to 1 atom of 
protoxide and 2 atoms of sesquioxide, or 2 atoms of protoxide and 1 of 
peroxide. The processes are very uncertain by which this oxide is stated 
to be produced artificially: according to some, it is formed by exposing ~ 
the peroxide or sesquioxide to a while heat, either in close or open 
vessels; or it is said to be produced when any oxide of manganese is — 
heated strongly in the air; but in these cases, mixtures of the oxides of L 
manganese, as above stated, rather than any definite oxide, are the results: 
the following are the atomic equivalents, showing the different views 
which may be taken of this oxide, regarding it cither as a definite oxide, 
or as a mixture of others:— Si 


2 wi . . —_ ‘ — ve 
BP AR AD Ee eee ae a. eee 


Manganese3 . 84 pee Protoxide 1 . 36 oY Protoxide2 , 72 
Oxygen 4 .. 32 *  Sesquioxide2 . 80 - Peroxide, 1 .. 44 am 


Red oxide 1 116 1 116 1 116 


Varvicitz.—A peculiar oxide of manganese was discovered by Mr. 
Phillips among some manganese ores from Hartshill, in Warwickshire, — 
to which, from its locality, he gave the above name. Professor Turner — 
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afterwards ditsated it in = Bea manganse: 6s Lefeld, in the Hartz: It is 
harder, and has more lustre, and a more decidedly lamellated texture 
than he common peroxide: its density is 4°531. It has -not been found 
regularly crystallized, but some of the Hartz specimens yield it in pseudo- 
crystals, having the form of six-sided pyramids of calcareous spar.. When 
strongly heated, it is converted into red oxide, losing 5°725 per cent. of 
water, and 7°385 of oxygen. These proportions are represented by 2. 
atoms of manganese and 3} of oxygen, or 1 atom of the sesquioxide and 
1 of the peroxide. | 


Manganese. 2 . . 56 Sesquioxide. 1 . . 40 
Oxygen . Sk 6s Us 628 «COT... Peroxide: « , -1 4 0544. 
ol 84 Ty. 84 


And ‘in Varvicite 2 atoms of oxide (84x 2)=168, are combined 
with 1 of water=9, giving for Varvicite the equivalent 168 +9= 177. 
(Phil. Mag. and Ann., y. vi. and vii.) 


Maneanic Acip. Manganzsic Actp.— When peroxide of manganese 
is heated to redness with nitrate of potassa, a compound is obtained, 
which, when put into water, furnishes a solution exhibiting various tints 
of green, purple, and red, and which was therefore called Chameleon 
mineral, A similar compound is more perfectly obtained by fusing the 
peroxide with caustic potassa at a red heat, which furnishes a green 
substance when the alkali is in excess, but black if the oxide predomi- 
nate; the former gives a green, the latter a pink solution, both of which 
when duly diluted exhibit various changes of tint, and ultimately become 
colourless, with the deposition of a brown powder. It was stated by 
Cheyillot and Edwards, in 1818, that this compound could not be obtained 
in close vessels, but that, air being present, oxygen was absorbed, and on 
evaporating the pink solution, they obtained crystals, which they regarded 
as a salt of potassa with manganic acid. Frommherz succeeded in 
obtaining manganic acid as follows:—2 parts of nitrate of baryta are 
mixed with 1 of peroxide of manganese, and exposed to a red heat; a 
green mass is obtained, which is to be reduced to fine powder, mixed with 
25 parts of water, and a stream of carbonic acid passed through the mix- 
ture, which is kept constantly stirred; carbonate of baryta is formed, and 
a deep violet-coloured solution of manganic acid. When the diffused 
powder has lost its green colour, the fluid is poured clear off, and boiled 
for a quarter of an hour to expel excess of carbonic acid, during which a 


portion of carbonate of baryta and of peroxide of manganese are precipi- 


tated: the clear fluid is boiled down to one-fourth its bulk, again left to 
become clear, and ultimately evaporated to a small bulk: during this 
evaporation, oxide of manganese is again separated, in consequence of the 


decomposition of a part of the acid; but the residuary solution forms 


on cooling acicular crystals of hydrated manganic acid (containing 8:5 
per cent. of water). Allattempts have failed to deprive this acid of water. 
Its solution has a peculiar astringent taste, possesses considerable bleach- 
ing powers, (hence chlorine has often been erroneously suspected in these 
solutions,) and exhibits a violet colour hy transmitted light, but appears 
of a carmine-red by reflected light: it tinges the skin brown. It is decom- 
3BQ 
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posed by boiling, especially when diluted; and also by exposure to the 
sun’s rays. . 3 

‘Chlorine has no effect on manganic acid, but iodine decomposes it, 
and becomes iodic acid. It is decomposed by hydrogen, sulphur, and 
phosphorus, by the hydracids, and by carburetted hydrogen and carburet 
of sulphur, and all organic substances: hence it cannot be filtered, being 
decomposed by the paper; it oxidizes the metals. With potassa, soda, 
baryta, and strontia, it forms definite salts. 

According to Mitscherlich manganic and sulphuric acids are isomor- 
phous, and the manganates are isomorphous with the sulphates and also 
with the chromates. The elements of manganic acid are 


Unverdorben. Frommbherz. Mitscherlich. _ 


Manganese. 1 . . 28 . . 6538 . . S874 . . 5945 TO. 54 
Oxygen. 2 32000. 24°. 4 dO? 9. A126 A ee 


Manganic acid 1 52 100°0 . 100°00 100°00 100 


MANGANATE OF PotassA.—The following process is given by Dr. 
Gregory for the preparation of this salt. Mix 4 parts of finely-powdered 
peroxide of manganese with 39 of chlorate of potassa, and add them to 5 
parts of hydrate of potassa dissolved in a small quantity of water. The 
mixture is evaporated to dryness, powdered, and then ignited in a plati- 
num crucible, but not fused, at a low red-heat. Digested in a small 
quantity of cold water this affords a deep green solution of the alkaline 
manganate, which may be obtained in crystals of the same colour by 
evaporating the solution over sulphuric acid in the air-pump. (GraHam, 


Elem. of Chem., 537.) 


Permaneanic Acip. Hypermaneanic Acip.—It is supposed by 
Mitscherlich, that the salt obtained by adding peroxide of manganese to 
fused chlorate of potassa, (WOHLER, PoacENDorFF, xxvii. 626,) contains 
manganese in the highest state of oxidizement, that is, combined with 3°5 
atoms of oxygen; but the exact composition of the green, pink, and purple 

‘salts cannot be considered as satisfactorily ascertained. 

When permanganate of baryta is decomposed by an equivalent of sul- 
phuric acid, a solution of permanganic acid is obtained of a deep red 
colour, but which, like manganic acid, is extremely prone to change; its 
decomposition is very rapid at 212°, oxygen is given out, and hydrated 

peroxide of manganese subsides; organic substances, such as paper, cork, 


or linen, also determine its immediate change. It has considerable bleach- 


ing power, a property referable to the evolution of nascent oxygen (or to 
aqueous solution of oxygen, or oxywater). According to Huenefeld per- 
manganic acid may be obtained in more permanent hydrated crystals by 
washing manganate of baryta with hot water, which resolves it into peroxide 
of manganese and permanganate of baryta: he decomposed the latter salt 
by phosphoric acid, and washed out the liberated permanganic acid, eva- 
porated its solution to dryness, and obtained a reddish brown crystalline 
mass. When this was fused with anhydrous sulphuric acid, and then 
further heated in a retort, a crimson sublimate in acicular crystals was 
obtained, being apparently a compound of sulphuric and permanganic 
acids. (Brerzettus.) It would appear from this statement that in those 
cases where the permanganic acid is speedily decomposed, some foreign 
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substance, probably organic, has been present. In this acid the elements 
are combined in the ratio of 2 equivalents of manganese and 7 of oxygen; 
it must, therefore, be considered as a compound of 


} PManganeseh: disk eee ils 288 Le 60 
ORVOOM id) ee ee ote 220d eS 250 
Permanganic acid 1 56 100 


The peculiar green tint obtained by heating compounds of manganese 
with potassa, is usefully resorted to as a ready means of recognising that 
metal before the blowpipe. It has often been stated that pink solutions, 
obtained by certain acids from the peroxide, contain the sesquioxide; but 
some experiments, in reference to this subject, made by Mr. Pearsall, in 
the laboratory of the Royal Institution, render it probable that the 
appearance of a pink colour is always indicative of the presence of man- 
ganesic acid. (Royal Instit. Journ., Aug. 1831, p. 49.) 


_PERMANGANATE oF Ammonia is obtained by the double decomposi- 
tion of permanganate of potassa by fluosilicate of ammonia: the solution 
is deep purple, and furnishes crystals of the same colour on evaporation. 


(Lrxz1¢. ) 


PERMANGANATE oF Porassa.—To obtain this salt boiling water is 
poured on manganate of potassa, hydrated peroxide of manganese sub- 
sides, and a beautiful pink solution of permanganate of potassa is 
obtained, which should be rapidly concentrated by distillation, all organic 
matter being rigidly excluded; on cooling crystals of a very intense purple 
are obtained, which according to Mitscherlich are isomorphous with per- 
chlorate of potassa. They deflagrate upon charcoal, and detonate with 
phosphorus. When boiled in dilute nitric acid oxygen is Bue and 
hydrated peroxide of manganese separates. 


PRoTOcHLORIDE oF Mancanese. (202-+C.)—Metallic manganese 
burns in chlorine. When peroxide of manganese is heated with hydro- 
chlorate of ammonia, as above directed (p. 719), a solution of chloride of 
manganese is easily obtained from the residue, which, if evaporated by a 
gentle heat, furnishes transparent pinkish crystals, soluble in water and 
alcohol. The same salt is obtained by dissolving carbonate of manganese 
in dilute hydrochloric acid. 

When peroxide of manganese is boiled in hydrochloric acid, as in the. 
common process for evolving chlorine, a solution of chloride of manga- 
nese more or less contaminated by iron is obtained, from which a pure 
chloride may be procured by boiling it down to expel excess of acid, 
diluting it with water and again boiling with the addition of carbonate of 

manganese, by which the whole of the peroxide of iron is precipitated. 
If about one-fourth of the impure solution of chloride of manganese be - 
reserved, and precipitated by carbonate of soda, a quantity of carbonate of 
manganese will be obtained sufficient to precipitate the iron from the other 
three-fourths of the liquid, and which may be used for that purpose after 
it has been washed. The absence of iron in the solution is ascertained 
by its yielding a white precipitate without any shade of blue, by ferro- 
cyanuret of potassium; it may then be evaporated to dryness, or the 
chloride of manganese may bé erystallized i in its hydrated form. schaand ) 
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Exposed, out of the contact of air, to a heat gradually raised to redness, the 
crystals lose water, to the amount of about 40 per cent., and leave a lamel- 
lar anhydrous chloride of manganese; heated in the contact of air, this 


chloride is decomposed and converted into an oxide, as is the case with — 


the corresponding chloride of magnesium. ‘The anhydrous salt combines 
according to Brandes with 4 equivalents of water, to form the hydrated 
crystals; it loses 3 of these and retains 1 when dried at 212°, and at a 
red heat this last equivalent escapes. 100 parts of water dissolve 38:3 of 
the anhydrous chloride at the temperature of 50°, 46:2 parts at 88°, and 
55 parts at 144°. A higher temperature, instead of increasing, diminishes 
its solubility. (BrRANpEs.) Absolute alcohol dissolves half its weight of 
the anhydrous chloride of manganese, and affords by evaporation in vacuo 
a crystalline alcoate containing 2 equivalents of alcohol. (GRAHAM.) 
Chloride of manganese consists of age ferries 
° VY. TIwedson. 


Manganese... 6 © 2 « « 26.5 « 409. « 060 Selene 
Chlorine Siti) S Sel ee 1 sie 36 "he 563 » 54 * e 55°75 


Chloride of manganese 1 64 100-0 100 100°00 

PreRCHLORIDE OF MANGANESE has been described by Dumas: it is formed 
by adding fused chloride of sodium to a sulphuric solution of permanganic 
acid; the compound passes off in the form of a green vapour, condensible 
at 0° into an olive-coloured liquid. If the vapour be conveyed into a 
moistened flask it acquires a red tint, and hydrochloric and permanganic 
acids are generated. The simplest process for preparing it consists in 
forming a green chameleon-mineral by fusing peroxide of manganese with 
potassa, and pouring dilute sulphuric acid upon it, by which a perman- 
ganate and sulphate of potassa are obtained. By the affusion of strong 
sulphuric acid these salts yield a solution of permanganic acid, to which 
small pieces of fused common salt are added, as long as green vapour is 
evolved. (Edin. Journ: of Science, viii. 179.) From the phenomena of 
‘its formation and decomposition, this chloride is supposed to consist of 1 
atom of manganese and 34 of chlorine: it corresponds, therefore, to the 
permanganie acid. 


AmMonto-cHLoRIDE oF Manaanese is a soluble and crystallizable salt, » 


not decomposed by excess of ammonia. 
CuLorATE oF MancAnese has not been examined. 


Topp or Mancanuss, as formed by the action of hydriodic acid on © 


protoxide of manganese, is a soluble colourless compound. (GMELIN. ) 
The iodate has not been examined; nor has the bromide or bromate. 


Fivoripe or ManGaneseE is formed, according to Dumas and Wohler 
(Edinburgh Journal of Science, ix.), by mixing the green chameleon- 
mineral with half its weight of pure fluor-spar in fine powder, and 
decomposing the mixture in a platinum vessel by anhydrous sulphuric 
acid: a vapour, of a deeper tint than chlorine, is evolved, which acquires 
a red colour on mixture with atmospheric air, and gives with water a red 
solution of hydrofluoric and manganic acids. It is decomposed by the 


contact of glass, fluosilicie acid is formed, and a brown powder deposited, © 


which appears to be anhydrous manganic acid. This fluoride probably 


consists of 1 proportional of manganese and 3 of fluorine. When car- 


Re aie 
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bonate of manganese is digested in hydrofluoric acid, amethyst-coloured 


-erystals may be obtained by evaporation, probably of hydrated prote- 
fluoride of manganese. 


Nirrate or Mancanese. (Man-+/.)—Dilute nitric acid readily 
dissolves protoxide of manganese, and forms a protonitrate, which may be 
obtained by evaporation in vacuo, in prismatic crystals, deliquescent, very 
soluble in water and in alcohol, and of a bitter taste; their alcoholic 
solution burns with a green flame. The same salt may be obtained by 
digesting peroxide of manganese in-nitric acid with a portion of gum or 
sugar, which abstracts oxygen, carbonic acid is evolved, and the protoxide 
dissolved by the acid. Exposed to light, the solution of the protonitrate 
lets fall a portion of peroxide of manganese. When dilute nitric acid 1s 
poured upon the deutoxide of manganese, a protonitrate and peroxide are 
formed. | 

The crystals consist, according to Thomson, of 

Protoxide ofmanganese ... . - + 1 2 « 36 « « 23° 


RHIC OC vc rs tiie the ws es Wee et Ba os SO 
WetOTLe Me ets eee Tk a ee Pek eee fees Os Ae eee 
Crystallized protonitrate of manganese 1 153 100°0 


Suurauret or Mancanese. (1002+ 8.)—When dried protosulphate 
of manganese is ignited with one-sixth its weight of finely-powdered 
charcoal, or when a current of sulphuretted hydrogen is passed over the 
protosulphate heated to redness, a true sulphuret of manganese is obtained. 
(Bertuier, Ann. de Ch. et Ph., xxiv. 273; Arnrwepson, Ann. of Phil., 
vii. 332.) It has a gray metallic lustre, It is perfectly soluble in dilute 
sulphuric and hydrochloric acid, with the evolution of sulphuretted hydro- 
gen gas. It is identical with the native sulphuret of manganese, a rare ore, 
found in Cornwall and Transylvania. Sulphuret of manganese consists of 


Dobereiner. - Arfwedson 
Artificial. Native. 
Manganese .... 1 . . 28 . 636 . 65°36 . 63°13 . 62°58 
Saipan eS RS, Pee Ole BOM. Po cRe 1k: sh OO RPe BT 42 
Sulphuret of manganese 1 44 1000 100°00 100°00 — 100°00 


When sulphur is heated with peroxide of manganese, sulphurous acid 
is evolved, and a greenish substance obtained, which also appears to be a 
compound of manganese and sulphur, and not a sulphuretted oxide. It 
is also thrown down from solutions of the protoxide by the alkaline 
hydrosulphurets in the form of an orange-coloured hydrate; which when 
heated evolves water, and becomes the sulphuret. When hydrogen is 
passed over protosulphate of manganese at a red heat an owysulphuret is 
produced. 

When a solution of protosulphate of manganese is mixed with a solu- 
tion of carburet of sulphur in caustic potassa, a gray precipitate falls, 
which, when stirred so as to bring it to the surface, assumes a fine purple 
colour: this gradually disappears, and the precipitate assumes the red or 
orange colour of sulphurets of manganese. (Berzentvs.) | 


Hyposutpuite or Mancaness (Man-+ $) remains in solution when 
sulphate of manganese is decomposed by hyposulphite oflime. It has not 
been further examined. — i gs 
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Sotpnite or Mancanese (Man + S$) is obtained by passing sulphurous 
acid through a mixture of carbonate of manganese and water till the car- 
bonic acid is expelled. It is a white granular tasteless powder, insoluble 
in water and in alcohol, and not altered by exposure to air. It dissolves 
in excess of sulphurous acid, and is decomposed by heat. (BERzELIUS.) 

HyposuLpHatre or Mancanese. (Man + $/.)—When peroxide of man- 
ganese (previously digested in nitric acid, and thoroughly Washed, to 
deprive it of hydrated oxide) is diffused through water, and sulphurous 
acid passed into it, a neutral hyposulphate of the protoxide is obtained. 
It affords a deliquescent salt on evaporation. (See p. 475.) 


Surpsatr or Maneanese (Man+S/) is formed by dissolving the 
protoxide or protocarbonate in dilute sulphuric acid, and evaporating; it 
may also be obtained by mixing peroxide of manganese into a paste with 
sulphuric acid, and heating it in a basin nearly to redness; oxygen is 
evolved, and the dry mass washed with water affords the sulphate. This 
salt is much used in dyeing and calico-printing, for which purpose Mr. 
Graham states that it is prepared by “igniting peroxide of manganese 
mixed with about one-tenth its weight of pounded coal in a gas retort. 
The protoxide thus formed is dissolved in sulphuric acid with the addition 


at the end of a little hydrochloric acid; the sulphate is evaporated to dry- 


ness, and again heated to redness in the gas retort; the iron is found, 
after the ignition, in the state of peroxide, and insoluble, the persulphate 
of iron being decomposed, while the sulphate of manganese is not injured 
by the temperature of ignition, and remains soluble. The solution is of 
an amethystine colour, and does not readily crystallize. When cloth is 
passed through sulphate of manganese and afterwards through a caustic 
alkali , protoxide of manganese is precipitated upon it and rapidly becomes 
brown in the air; or it is at once peroxidized by passing the cloth 
through a solution of chloride of lime. The colour thus produced is called 
manganese brown.” 

Sulphate of manganese, as usually obtained by evaporation from the 
neutral solution, forms rhombic prisms which contain 4 atoms of water. 
When the crystals are formed between 45° and 68°, they contain 5 equiva- 
lents of water, and are isomorphous with sulphate of copper; and when 
formed under 42° they include 7 atoms of water, and are isomorphous with 
sulphate of iron. For these curious facts we are indebted to Mitscherlich; 
and lastly, when a concentrated solution of sulphate of manganese is mixed 
with sulphuric acid, it yields on evaporation small granular crystals contain- 
ing only ] atom of water. The solubility of sulphate of manganese varies 
with its water of crystallization ; but, according to Brandes, the anhydrous 
salt is soluble in 2 parts of water at 60°, and in its own weight at 122°; at 
a higher temperature its solubility diminishes. It is insoluble in dicbhel: 
Phe" taste of sulphate of manganese is styptic and bitterish, and the crystals | 
have generally a slight tinge of pink, probably from a trace of permanganic 
acid. At 240°, they lose 3 atoms of water, but retain 1] until heated above 
400°; atared heat the salt becomes anhydrous and in that state consists of 


Protoxide’of manganese’, @52),) SOC. 6 S367) Age 
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AMMONI0-SULPHATE OF MANGANESE is a soluble and crystallizable salt, 
obtained when sulphate of ammonia and sulphate of manganese are mixed 
in atomic proportions. Its crystals contain 8 proportionals of water, 
and are of a pale rose-colour. According to H. Rose 100 parts of anhy- 
drous sulphate of manganese absorb 45°30 of dry ammonia, forming a 

white bulky powder: the ammonia escapes by exposure to air or heat. 


PoTASSA-SULPHATE OF ManGaneseE forms colourless crystals, containing 
6 atoms of water. (BerzEttius.) According to Thomson the crystals have 
a fine flesh-red colour, the same shape as those of the ammonio-sulphate 
of magnesia, and contain 5 atoms of water. 


Prospauret or MANGANESE (NAN+)) is of a blue-white metallic 
* Justre, and considerably inflammable: it is permanent in the air, brittle, 


and easily fused. (PeLurtier, Ann. de Ch., xiii. 137.) 


Puospuite and HypopHospHite oF MaAncAnesE have not been 
examined. 


PuospHate or Mancanese (MaAn-+’) is precipitated in the form of 

a white nearly insoluble powder, by adding phosphate of soda to sulphate 

of manganese. Berzelius observes, that in analyses this salt is difficultly 

distinguished from phosphate of lime and phosphate of magnesia. It is, 

_ however, decomposed by boiling with caustic potassa, and the oxide 
assumes a dark colour. | 


CarBuret oF ManGANesE. (7202+ Ca?r.)\—When the metal reduced _ 
from its oxide is heated with charcoal, it often assumes a lamellated 
appearance, from combining with that element. Carburet of manganese 
is also not uncommonly met with in combination with carburet of iron in 
some varieties of cast iron. 


CARBONATE OF MAnGANESE (Man + Cd?!) is white, or pale-red, insipid, 
and insoluble in water. It is precipitated as a hydrate, by alkaline car- 
bonates, from the protochloride or protosulphate. When heated it loses 
water and becomes brown. It is found native, constituting the spathose 
ore of manganese, which is anhydrous. When the artificial carbonate is 
carefully dried at 100° it probably consists of 


Forchammer. 
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Cyanuret or Mancaness falls in the form of a gray insoluble pre-— 
cipitate, when solution of cyanuret of potassium is added to a protosalt 
of manganese. The precipitate is soluble in excess of the precipitant. 
(BERZELIUS.) - 

When cyanuret of manganese is dissolved in cyanuret of potassium, 
the solution yields on evaporation brown acicular crystals which are very 
casily decomposed. (LL. GMELIN.) 


~ 


SuLPHOCYANURET OF MANGANESE is a2 colourless soluble salt. It is 
almost insoluble in absolute alcohol. 
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~ Borate or ManGanese (Man+ bo’) is precipitated in the form of a 
white powder when solution of borate of soda is mixed with protosulphate 
of manganese. If the salt of manganese be mixed with a salt of magnesia, 
borax occasions no precipitate, and the borate is itself soluble in sulphate 
of magnesia. (BERZELIUS.) | 


CuHarActers of THE Sats of MancANEsE.—The salts of manganese, 
containing the protoxide, are mostly soluble in water: the solution is 
colourless or slightly pink, of a bitterish astringent taste, and often becomes 
turbid and brown by exposure to air. They are not precipitated by sul- 
phuretted hydrogen, by hydriodic acid, or by tincture of galls; they furnish 
white precipitates with the alkalis, which soon become discoloured by 
exposure to air. The alkaline carbonates throw down white precipitates, 
which gradually assume a hue of purple; they are precipitated white by 
ferrocyanuret of potassium, and orange or reddish-brown by hydrosul- 
phuret of ammonia. Ammonia only throws down half the oxide, and 
forms a triple salt with the remainder; or, if there be excess of acid, the 
iriple salt only is formed, and there is no precipitation. Manganese is not 
thrown down in the metallic state by any of the other metals. The sul- 
phate and the chloride are used in calico-printing. 

Before the blowpipe, ovide of manganese gives, with microcosmic 
galt, in the exterior flame, a fine amethyst colour, which disappears in 
the interior flame. With borax it gives a yellowish or reddish glass. 
When the manganese, from its combination with iron, or any other 
cause, does not produce a sufficiently intense colour in the glass, a little 
nitre may be added to it while in a state of fusion, and the glass then 
becomes dark-violet while hot, and reddish-violet when cool: it is not 
reduced. 
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g IX. IRON. 


Tue most important native combinations of iron, whence the immense 
supplies for the arts of life are drawn, are the odes: it is also found 
combined with sulphur, and with several acids;-it is so abundant that 
there are few fossils free from it. It is found in small quantity in some 
animal and vegetable bodies; and in several mineral waters. The 
alchymists distinguished it by the name and symbol of Mars ¢. It has 
been known from a very remote period, and was employed in the time of 
Moses for cutting-instruments. ; 
Iron is a metal of a blue-white colour, fusible at a white heat, and 
with great difficulty when it is perfectly pure and free from oxygen, sul- 
phur, and carbon. Its texture varies with the method of working it; in 
bars or wire it appears longitudinally fibrous, but when it has been long 
kept at a red heat it acquires a crystalline texture and has a tendency to 
cuboidal fracture. Its specific gravity is 7°77 to 7°8. Its specific heat is — 
0:11379. (RecNavtt.) Upon the same authority the specific heat of 
cast-steel is 0°11848, and that of cast iron 0°12728. It is extremely 
ductile, but cannot be hammered out into very thin leaves. It is very 
tenacious; and at a bright-red heat is pliable, and admits of being welded 
or joined by hammering to another piece of the red-hot metal. It is 
attracted by the magnet, but does not retain magnetism when perfectly 
pure; and at a bright-red heat becomes perfectly indifferent to it. . 
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Wative Iron .—Iron, in a state approaching purity, is found among 


_ the grains of platinum from the Uralian mines, and a thin vein of it is 


said to have been discovered in chlorite slate near Canaan in the United 
States of America. The term native iron is usually applied to the extra- 
ordinary detached masses of the metal which are of meteoric origin. In 
this state it is flexible, generally more or less cellular, and often ‘Goutaite 
a green substance of a vitreous appearance, which is a silicate of iron — 
and magnesia (meteoric olivin?). ‘It has been found in Africa and 
America, and in Siberia, where a mass of it, weighing 1600 lbs., was 
discovered by Professor Pallas. The mass found: in Peru, described by 
Don Rubin de Celis, weighed 15 tons. In the year 1751, a mass of the 
same substance was seen to fall from the atmosphere in Croatia: it 
appeared as a large globe of fire, and is preserved in the Imperial Museum 
of Vienna. (See Nickel.) 

Exposed to heat and air, iron absorbs oxygen and becomes superficially 
converted into a fusible oxide; when exposed to damp atmospheric air, 
it becomes encrusted by a brown substance called rust, which is also 
an oxide of iron. When iron is in a state of extreme mechanical division 
its affinity for oxygen is such that it heats and even ignites on exposure 
to air, and burns into an oxide; this is the case with the metal, as it is 


_ obtained by the action of hydrogen upon oxide of iron at a high tempera- 


ture; it then forms a porous and highly oxidizable mass, which requires 
the same precautions for its preservation in the metallic state as potas~ 
sium. In a dense mass, iron is not affected by dry air, and it even 
retains its polish when immersed in pure distilled water which has been 
deprived of air by long boiling; but in common water, or in water 
exposed to air, it soon rusts, more especially where itis in contact both of 
air and water; and in these cases the change is often very rapid, in con- 
sequence of the presence of carbonic acid. The oxidizement of iron by 
water is effectually prevented by the presence of the alkalis; and in lime 
water, or in a weak solution of potassa or soda, the metal keeps its 
lustre for years; but all acid or even neutral salts appear to have an 
opposite effect. By the contact of zinc, iron is also protected from 
oxidizement and corrosion, in consequence of the electro-negative state 
into which it is then thrown (p. 313); hence the advantage of zinced 
iron in general, and especially of zinced iron plate, in all cases where the 
preservation of iron is to be ensured. In deep water, according to EH. 
Davy, a black and not a red oxide is formed; and in sea water iron is 
often converted into a substance somewhat resembling plumbago; but — 


these changes generally refer to cast iron or other impure forms.of the 


metal, and are frequently referable to voltaic action. 


Oxipes oF Iron.—lIron is susceptible of two definite degrees of 
oxidizement, forming a protoxide and a peroxide: in the former, ] atom 
of iron is combined with 1 of oxygen, but in the latter, 1 atom of iron is 
combined with 13 oxygen, so that it is in fact a sesquioxide. Both 
these oxides are dalifiable, giving rise to ferrous and ferric salts. ‘There 
also exists a definite native combination of these oxides, forming the 
magnetic tron ore; the oxidum ferroso ferricum of some writers; and a 
similar compound may be formed ‘by various artificial pee ee it is 


commonly called the black oxide of tron. 
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ProtoxipEe or Iron. Ferrous Oxipe. ( fe+o) or Fx.—When a 
solution of potassa or soda is dropped into a solution of pure protosulphate 
_ of iron a white precipitate falls, which, however, speedily changes colour, 
and in the contact of air passes through various shades of green, then 
becomes bluish black, from which it gradually passes into brown: these 


changes arise from the absorption of oxygen; but the white precipitate 


which first appears is the hydrated protoxide; when boiled in water under 


the cautious exclusion of air it becomes black, probably from the loss of | 


its combined water; but if collected upon a filter it exhibits the changes 
above described, and has not hitherto been isolated in a dry state: it is 
the base of the green or protosalts of iron; it is insoluble in water and in 
the fixed alkaline solutions: it is sparingly soluble in ammonia, and easily 
soluble in the greater number of the acids even when considerably diluted. 
The action of dilute sulphuric acid upon pure iron is attended by the form- 
ation of this oxide, in consequence of the decomposition of water; so that 
the hydrogen which is in this case evolved is the equivalent of the oxygen 
transferred to the metal, and furnishes a datum for the determination of 
the atomic weight of iron and of this oxide. The equivalent of iron, thus 
deduced, is 28 (27 Gmenin. 27°16 Berzeuius. 27°8 SrRoMEYER. 28°3 
Gay Lussac. 28 Turner), and the protoxide consists of 

Dobereiner. Bucholz. Berzelius. Gay Lussac. — 
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Protoxide of iron 36 100°0 100°0 100 100°09 100-00 
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or (2 fi €+30).—When protoxide of iron is boiled in nitric acid, and pre- 
cipitated by ammonia, washed, and dried at a low red-heat, it increases in 
weight, and acquires a brown colour. When a solution of iron in nitrohy- 
drochloric acid is precipitated by an alkali, a bulky brown hydrated peroxide 
‘of iron falls, which, when dried, assumes a deeper colour, and is anhydrous 
peroxide. When sulphate of iron is decomposed by a very high tempe- 
rature, a red powder remains, which is also the peroxide, and which was 
formerly called colcothar. It is also formed by deflagrating iron-filings 


with nitre, and washing the residue: this constituted the Saffron of Mars 


(Crocus Martis) of ancient pharmacy. The colour of the peroxide of 
iron varies according to the mode of its formation and the temperature to 
which it has been subjected: it is generally a reddish or yellow-brown 
powder, which acquires a darkened hue by heat, and is not magnetic. 
This oxide of iron is a weak base, or what has sometimes been called 
an indifferent oxide: its salts generally have a brown colour and an acid 
reaction, and when very dilute their solutions are decomposed by boiling, 
in which case the acid of the salt combines with the water and the 
peroxide is precipitated. In some cases this oxide even acts as an acid. 
It is thrown down from its solutions by ammonia, potassa, and soda, in 


the form of a bulky brown or orange hydrate, and in that state is easily — 


redissolved by acids; but when it has been well dried and exposed to an 
intense heat it becomes intractable and very difficultly acted upon by the 
greater number of the acids, even in their concentrated state. After 
exposure to air it always contains traces of ammonia. When certain 


ae 
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organic substances are present in solutions of this oxide, they prevent its 
precipitation by the alkalis. This is the case with the serum of the 
blood, and with hot solutions of gelatin, starch, gum arabic, starch sugar 
and diabetic sugar, glycerine, and mannite. Tartaric, citric, malic, mucic, 
kinic, and pectic acids, produce the same effect. (Rosz. Dumas.) 

This oxide of iron is easily reduced by the action of hydrogen at a 
temperature even below redness. It consists of 


Gay Strome- Ber- Dobe- Kla- 
Bucholz. Lussac. yer. zelius. reiner. proth. 


. 28 . 70 . 70°423 . 70°27 . 69°85 . 69°22 . 6D . 67 
Oxygen . . . 1}. 12. 30. 29577 . 29°73 . 30°15 . 30°78. 31. 33 


Peroxide of iron 1 40 100 100000 100:00 100-00 100°00 100 100 


Brack Oxme or Iron. DevtoxipE or Iron. FERROSO-FERRIC 
OXIDE. - afe +40) or (fe+ 0) +2 Cie 13 0.)—The octoédral magnetic 
iron ore appears to be a definite compound of the two oxides as repre- 
sented by the above formula. According to Gay Lussac a similarly 
constituted oxide is formed by passing the vapour of water over red-hot 
iron in a porcelain tube. (Ann. de Chim., uxxx.; and Ann. de Ch. et Ph., i.) 
The scales of iron obtained from the smith’s forge, and the black powder 


- formed by the action of air on moistened iron filings, and formerly called 


Martial Ethiops, are probably allied to this deutoxide, but in these the 
protoxide or peroxide may occasionally predominate, so that they can 


scarcely be regarded as definite in their composition. Liebig and Wohler 


produced this oxide artificially by mixing dry protochloride of iron with 
excess of carbonate of soda, calcining the mixture in a crucible, and 
treating the mass with water. The double oxide remained as a black 
powder, capable of being washed and dried without change. “ The same 
chemists, by dissolving the black oxide in hydrochloric acid, and preci- 
pitating by ammonia, obtained a hydrate of this oxide; it was attracted 
by a magnet even when a flocculent precipitate suspended in water. 
When ignited and anhydrous, this double oxide is much more magnetic 
than iron itself.” (Grauam.) The composition of the true deutoxide, 
in reference to Gay Lussac’s analysis, is 
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Deutoxide of iron 116 100°0 


Native Oxides of Iron.—These constitute a very extensive and 
important class of metallic ores. They vary in colour, depending upon 
mere texture in some cases; in others, upon the degree of oxidizement. 


_Some are magnetic, and those which contain least oxygen:are attracted 


by the magnet. From them the commercial demands of iron are partly 
supplied: an outline of this manufacture will be given at the end of this 
Section, when the other combinations of the metal have been described. 
The following are some of the principal mineralogical varieties of the 


_ oxides of iron. (1.) Magnetic iron ore (Fer oxidulé) is generally black, 


- with a slight metallic lustre. It occurs massive and octoédral. It is 


% 
a 


often sufficiently magnetic to take up a needle; its specific gravity is 4:5. 
It occurs chiefly in primitive countries, and is very abundant at Roslagen 
in Sweden, where it is manufactured into a bar-iron particularly esteemed 
3 t 
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for making steel. (2.)° Another variety of native oxide-of iron is called — 


iron-glance, specular, and micaceous iron-ore (Fer oligiste). It is found 
crystallized of singular beauty, in the Isle of Elba; and occasionally 
among the voleanie products of Vesuvius and the Lipari Islands. (3.) 
Hemaiite, or red iron-stone: it occurs in globular and stalactitic masses, 
having a fibrous and diverging structure. In this country it abounds 
near Ulverstone in Lancashire; and much of our iron-plate and wire 1s 
made from it. Sometimes it is of a brown, black, or ochraceous colour. 
This, as well as the iron-glance, is a sesquioxide, and does not affect the 
magnet. There are also several varieties of hydrated peroxide of iron, 
such as the fibrous brown or black hematite, the lenticular and pisiform 
iron ore (Fer limoneux), and varieties of ochre and umber: these often 
degenerate into the next variety. (4.) A fourth variety of oxide of iron 
is known under the term of clay-iron-stone, on account of the quantity of 
argillaceous earth with which it is contaminated. It is found in masses 
of different shapes and sizes, and sometimes in small rounded nodules 
like peas. Some of the globular masses are called tiles. The iron-ore 
of the coal formations of Shropshire, South Wales, Staffordshire, and 
Scotland, (which, though far from the purest ore found in this country, 
is the principal source of the cast and bar iron, in ordinary use,) is chiefly 
a carbonate. 


Iron and Cuiortnn unite in two proportions; forming a protochlo- 
ride and a perchloride of iron, which in atomic composition are analogous 
to the oxides. 


ProtTocHLoRIDE oF IRon ( fi €+C) may be obtained, (1.) By passing 
dry hydrochloric acid gas over red-hot iron-wire or turnings; or (2.) By 
digesting clean iron-filings in hydrochloric acid, in which case, as in the 
former, hydrogen is set free; or by employing protosulphuret of iron 
instead of metallic iron, when sulphuretted hydrogen is evolved: in both 
cases a green solution is obtained which, evaporated out of the contact of 
air, leaves a residue which is to be exposed to a red heat. (3.) By heat- 
ing a mixture of iron-filings and hydrochlorate of ammonia. 

Protochloride of iron is of a dark-gray colour, and after fusion acquires 
a foliated crystalline texture; it -is volatile at a high red-heat and may 
be condensed in pale-gray crystals; heated in air or oxygen it gives out 
chlorine, and leaves peroxide of iron. When the vapour of water is 
passed over it at a dull red-heat, hydrochloric acid and hydrogen are 
evolved, and black magnetic oxide of iron remains in the tube; exposed 
to damp air it evolves chlorine, and hydrochloric acid and peroxide of 
iron are also formed. he 

-Protochloride of iron is soluble in water, furnishing a green solution, 
which soon changes by exposure to air, but which, evaporated in close 
vessels, yields tabular crystals, including 4 atoms of water: the solution 
absorbs nitrous gas and becomes of deep olive colour. This chloride is 


insoluble in absolute alcohol: it consists of 
J. Davy. 
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64 160°0 100°00 


Protochloride of iron 
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PeRCHLORIDE oF Iron. Srsquicuzorme or.. Iron. .(f@+1€) or 
(2/@+3C.)—When fine iron-wire is heated in excess of chlorine it burns 
with a red light, and this compound is formed: it is volatile at a heat 
below redness, and condenses in the form of brilliant and iridiscent brown 
scales; it is very deliquescent and rapidly soluble in water, with the 
evolution of heat; when this solution is evaporated to dryness hydro- 
chloric acid ultimately passes off, and peroxide of iron remains. The 
solution of this perchloride is easily obtained by dissolving peroxide 
of iron in hydrochloric acid; it forms a deep-brown liquid, which, when 
concentrated to the consistence of a syrup nearly, and then exposed to 
cold, yields crystals, the form of which varies, according to Mitscherlich, 
with their respective quantities of water: when they form acicular and 


radiating tufts they include 12 atoms of water, but when they form 
_ larger prisms, only 5 atoms. By exposing a solution of the protochloride 


to air, it passes into the brown perchloride; and according to Berzelius, if 
a dilute solution of the former be exposed for some days to the atmosphere 
in a tall jar, and a few drops of ammonia be then introduced at different 
depths, by means of a giass tube, the precipitate near the surface will 
be green; a little lower, blue; still lower, gray; then of a dirty white; 
and, at the bottom, quite white; provided the solution has not been so 
long exposed as to have become oxidized throughout. By saturating a 
strong solution of chloride of iron with chlorine, Van Mons ohtained a 
brown liquid, which did not give out the odour of chlorine, and tasted 
astringent, slightly acid, and sweet: after a time, yellow crystals formed in 
it, and chlorine was evolved; the crystals soon deliquesced, and could not 


be obtained a second time. The protochloride and perchloride of iron 


perform the respective parts of base and of acid, in certain combinations. 
The perchloride is soluble in alcohol and in ether; the former solution is 
the Linctura ferri sesquichloridi of the Pharmacopceia; and when ether 
is agitated with a solution of the perchloride it acquires a yellow colour. 
Perchloride of iron and peroxide of iron appear to form a definite com- 
pound. Perchloride of iron consists of | 
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Perchloride of iron 82 160°0 100°0 


AMMONIO-cHLORIDE oF Iron.—When hydrochlorate of ammonia and 
peroxide of iron are mixed and exposed to heat in a proper subliming 
vessel, a yellow sublimate is obtained,-which is the ens veneris, flores 
martiales, and ferrum ammoniatum of old pharmacy; the Ferri ammo- 
nio-chloridum of the present Pharmacopeia. When a mixed solution 
of hydrochlorate of ammonia and perchloride of iron is set aside to crys- 
tallize, or evaporated in vacuo, it furnishes ruby-coloured cubic crystals, 
consisting of 2 equivalents of hydrochlorate of ammonia (chloride of 
ammonium), 1 of perchloride of iron, and 2 of water. Of this water, the 


double salt loses 1 equivalent at 150°, and the other, when dried above 
300°. 


Porassto-cutormE or Iroy,—A double salt formed by mixing equi- 
valent proportionals of chloride of potassium and yerchloride of iron. 
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Tue Cutorates or Iron have not been satisfactorily examined. 


PRoTIoDIDE oF [Ron ( te €+1) is formed by digesting iron turnings 
or wire with iodine in water, taking care to have excess of metal present: 
a green solution is obtained, which, by evaporation out of contact of air, 
leaves a gray fusible protiodide of iron. It is soluble in water and alco- - 
hol, and the solution rapidly absorbs oxygen, and deposits peroxide of 
iron, unless metallic iron be present; so that to preserve it unchanged 
some pieces of clean iron-wire should be immersed in it. This solution 
has been advantageously employed in medicine by Dr. A. T. Thomson. 
By careful evaporation in vacuo crystals of a hydrated protiodide of iron, 
including 5 atoms of water, may be obtained from it. Protiodide of iron 


contains 
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Prriopipe or Iron has not been examined, or, at least, not satisfac- 
torily described: according to Berzelius, the brown powder which falls on 
exposing the solution of the protiodide to air is a hydrated subperiodide. 
According to Mr. Squire it is merely peroxide of iron, and no periodide 
exists. Dumas says that we obtain a solution of periodide of iron by 
dissolving hydrated peroxide of iron in hydriodic acid, and that a com- 
pound of periodide and peroxide of iron is thrown down when a quantity 
of potassa is added to a solution of the periodide, insufficient for its total 
decomposition; a yellow-brown powder then falls, which is an iodide of 
the oxide. 

Iopatr or Iron.—Iodate of potassa throws down a yellowish precipi- 
tate in solution of protosulphate of iron, and a white precipitate in solution 
of perchloride of iron. (PLEISCHL.) 


ProroproMiDE oF Iron.—When bromine vapour is passed over red- 
hot iron- wire, a yellow crystalline fusible bromide is obtained, readily 
soluble in water. (Ann. de Ch. et Ph., xxxiil. 331.) At common tempe- 
ratures bromine and iron act but feebly on each other; but if iron-filings, 
bromine, and water, be heated together, a solution of protobromide of iron 
is soon obtained. There appears to be the same uncertainty respecting 
the perbromide as belongs to the periodide of iron. The components of 

“ protobromide of iron are 
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Protobromide of iron 


‘Frivoriwwes or Iron.—When iron is digested in hydrofluoric acid, a 
solution is obtained, which affords small quadrangular tabular crystals; 
they are colourless, and difficultly soluble in water. Heated rapidly in 
the air, this salt is decomposed; but if its water of crystallization be 
slowly and carefully expelled, it then may be fused into a true fluoride of 
iron. When hydrated peroxide of iron is dissolved in hydrofluoric acid, 
it forms a colourless solution, which yields flesh-coloured crystals, slowly 
soluble in water. Ammonia throws down a yellow precipitate, which is 
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a subfluoride: a double fluoride of potassium and iron is obtained in 
colourless crystals, when a mixed solution of those fluorides is 2b Saban 
(BERZELIvS. ) 


Nirrurer or Iron. (Azoture de fer.)—It is stated by Dumas, on 
the authority of Desprets, that when ammonia is passed over ignited iron- 
wire, the whole of the hydrogen and much of the nitrogen of the ammo- 
nia are disengaged, but that a portion of the nitrogen is retained in per- 
manent combination with the iron, varying from 6 or 7 to 10 or 11 per 
cent. The resulting compound is white, brittle, and even friable, mag- 
netic, and less acted on by air and water than iron: it is specifically 
lighter than iron, its density being about 5. When strongly heated it 
loses its nitrogen, but the iron retains the appearance of the compound: 
the acids act upon it as upon iron, but disengage a mixture of hydrogen 
and nitrogen; besides which, ammonia is formed, which remains in com- 
bination with the acid. 


Protonirrate or Iron.—When very dilute nitric acid (specific gra- 
vity 1:16) is digested upon iron-filings, little gas is evolved, and the liquid 
assumes an olive-brown colour from the nitric oxide which it contains, 
but exposed to the air it becomes pale-green in consequence of the escape 
of that gas; the alkalis produce a green precipitate in this solution: it 
cannot be obtained in crystals by the usual process, and passes into 
pernitrate by exposure to air. It may, however, according to Thomson, 
be crystallized by evaporation in an exhausted receiver over sulphuric 
acid; it then forms transparent rhomboidal crystals of a light-green 
colour, composed of 1 atom of protoxide of iron, 1 of nitric acid, and 7 of 
water. When protosulphuret of iron is dissolved in dilute nitric acid 
sulphuretted hydrogen escapes, and a green solution of protonitrate of 
iron is obtained, which, when gently heated, speedily becomes brown, in 
consequence of the formation of peroxide. A protonitrate of iron is also 
formed when solutions of protosulphate of iron and nitrate of baryta are 
mixed in atomic proportions. The solution of the neutral protonitrate is 


_ decomposed near the boiling temperature with the evolution of nitric 


oxide, and the precipitation of a subnitrate of the peroxide, in abundance. 
Tron turnings dissolve in pure nitric acid, and form the same salt without 
the evolution of any gas, the water and acid undergoing decomposition so 
as to produce ammonia while they oxidate the iron. (GRAHAM.) 


PERNITRATE OF Iron.—Nitric acid, diluted with a very little water, 
acts violently on iron and peroxidizes it, a vast quantity of gas being at 
the same time generated, which consists of a mixture of nitrous and 
nitric oxides; and a solution is formed of a reddish-brown colour, con- 
taining pernitrate of iron, and affording a brown precipitate to the alkalis, 


hen evaporated, a brown deliquescent mass remains, soluble in water 


and alcohol. It is decomposed at a red heat, and peroxide of iron 
remains. If this solution be mixed with excess of carbonate of potassa, 
the precipitate at first thrown down is redissolved by the alkali, and a 


_deep-brown liquid obtained, called in our Pharmacopeia, Liquor ferri 


alkalini; it has long been known in Germany under the name of 


“ Stahl’s alkaline tincture of iron.” A crystallized pernitrate was obtained 
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by Vauquelin from a solution formed by leaving nitric acid long in contact _ 


of black oxide of iron: the crystals, which were square prisms and colour- 
less, deliquesced into a reddish-brown liquid; they consist, according to 
Thomson, of 1 atom of peroxide of iron, 14 of nitric acid, and 8 of water. 

Passive condition of Iron, in respect to the action of Nitric Acid.—In 
‘all ordinary cases nitric acid of the specific gravity of 1:35 acts powerfully 
upon iron, but under certain circumstances it becomes inert, and may be 
thrown, as it were, into a passive condition: a circumstance first noticed 
by Schoenbein. This state of things is brought about either by, 1. Slightly 
oxidizing the extremity of an iron-wire by holding it in the flame of a 
spirit lamp, and when cold dipping it gradually into the acid, observing 
to introduce the oxidized end first. 2. By dipping the end of the wire 
into strong nitric acid and washing it in water. 3. By first introducing 
a platinum wire into the acid, and then the iron-wire in contact with it, 
which contact may, however, afterwards be broken. 4. An iron wire 
already rendered passive acts as the platinum wire, and this renders other 
wires passive in the same way. 5. By making the iron wire the anelec- 
trode or positive conductor of a voltaic pile, and introducing it into the 
acid after the insertion of the cathelectrode or negative pole: in this case 
the iron wire behaves as one of platinum, and gives off oxygen gas. 
This state is destroyed when the passive iron is made the negative pole, 
or when it is brought into contact with iron or zinc which at the time is 
in the act of solution by the acid. This condition of iron, connected 
apparently with its relations to magnetism or electricity, is not confined 
to nitric acid, but extends to other agents. (ScHoENBEIN and FARADAY, 
Phil. Mag. and Ann., vols. ix. and xiv.) 


‘Prorosutpuurer oF Iroy. ( te €+S.)—l. When sulphur is dropped 


upon red-hot iron wire, or fused with iron-filings, a compound is obtained, — 


which, after having been heated to expel excess of sulphur, is perfectly 
soluble in dilute sulphuric acid, with the evolution of pure sulphuretted 
hydrogen, and which is a protosulphuret of iron. 2. White-hot iron, 


exposed to a jet of sulphur vapour, burns in it, and runs down into the © 
protosulphuret. 3. It is formed by exposing pure yellow pyrites, or | 
bisulphuret of iron, intimately mixed with an equivalent of pure iron,* 


to a red heat; or, 4, By passing dry hydrogen gas over powdered 


iron pyrites, heated to rednesss in a glass or porcelain tube, 5. It- 


is thrown down in a hydrated state on adding hydrosulphuret of am- 
monia to solution of protosulphate of iron. 6. By the mutual action of 
jron-filings and powdered sulphur made into a paste with water, 
Protosulphuret of iron is of a dark-bronze colour, and influences the 
magnet. It is much more fusible than iron: when pure it is soluble 


. ‘ 
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without residue in dilute acids with the evolution of sulphuretted hydro- — 
gen, and the formation of a protosalt of iron, When heated in air or 7 


oxygen, sulphurous acid and oxide of iron are formed. Digested in 


strong nitric or nitrohydrochloric acid, a portion of sulphur is separated, — 


the iron is peroxidized, and sulphuric acid is formed. When the hydrated 


sulphuret is exposed to air the iron becomes oxidized, and sulphur sepa~ — 


rates, and more or less sulphurous and sulphuric acids are often formed, 
with heat enough to produce inflammation. This sulphuret consists of 
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: Hatchett. Berzelius. Proust. 
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Protosulphuret of iron 44 100°0 100°0 100 =): 100°0 

BisuLPHURET OF [Ron (fe €+28) is formed, according to Berzelius, 
when the protosulphuret is well mixed with half its weight of sulphur, 
and subjected to a high temperature, which, however, must be below 
redness: a bulky, dark-yellow metallic powder is the result, which is not 
attracted by the magnet, and insoluble in dilute sulphuric and hydrochlo- 
ric acid. A similar compound is obtained by passing a current of sulphu- 
retted hydrogen over peroxide of iron at a temperature just below redness. 
If natural crystals of black oxide of iron be subjected to this process, 
they are converted without change of form into the bisulphuret. When 
exposed to heat in close vessels it loses half its sulphur, and becomes 
protosulphuret. We have two interesting cases of the formation of this 
sulphuret in the humid way. ‘The one, described by Mr. Hatchett as 
occurring in the Mere of Diss, in Norfolk (Phil. Trans., 1797); the 
other, by Mr. Pepys, in the Geological Transactions, vol. 1., p. 399, and. 
taking place in the bones of mice which had fallen into a solution of 
sulphate of iron. Bisulphuret of iron consists of 


Berzelius. Hatchett, Bucholz 
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_ Native Sulphurets of Ironm—Mr. Watchett’s experiments, above 
quoted, show that the ore of iron, called magnetic pyrites, is a protosul- 
phuret of iron, and that common pyrites is a bisulphuret; the results of his 
analysis of these ores are given in the preceding paragraphs. Common 
pyrites is found, massive and crystallized, in a variety of forms, derived 
from a primitive cube; it often occurs in radiated nodules, which, when 
rolled amongst the shingles upon the sea-beach, are sometimes errone- 
ously supposed to be of meteoric origin, and are called thunder-bolts. 
This mineral is of different shades of brass-yellow. The principal use of 
pyrites is in the formation of sulphate of iron, or green vitriol, for which 
purpose the ore is gently roasted and exposed to air and moisture. Some 
varieties are spontaneously decomposed, and furnish this salt, and when 
in large masses generate heat enough to become ignited: in this way 
beds of coal have been set on fire in consequence of the absorption of 
oxygen by their contained pyrites. Pyrites has also been used as a 
source of sulphur, and as a substitute for sulphur, in the production of 
sulphuric acid. Se 


SESQUISULPHURET OF IRon. ( I €+13S8.)——This compound is formed 
by passing sulphuretted hydrogen over peroxide of iron at a temperature 
not exceeding 212°; or by the action of the same gas upon the hydrated 
peroxide at common temperatures. According to Proust, it may be 

_ formed by the action of sulphur on the protosulphuret at a very low red 
heat: he states it to be magnetic, which Berzelius denies. It is formed 
in the humid way by adding neutral Leas of iron, drop by drop, to 
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‘a solution of an alkaline hydrosulphuret; it then falls as a black powder, 
which cannot. be dried in the air without. change. It corresponds in 


composition with the peroxide, and consists of 
; Berzelius. Proust. ‘Bucholz. 
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DisutpHureET oF IRON (2 fe €+S) is formed, according to Arfwedson, 
by passing a current of hydrogen gas over aiyarous protosulphate of 
iron, heated to redness: sulphurous acid, water, and sulphuretted hydro- 
gen, are evolved, and 46°47 per cent. of the ‘above compound remain. 
This is probably a definite compound of 1 atom of iron + 1 atom of 
protosulphuret of iron. 


TETRA-SULPHURET OF [RON (4 f € +S) is also described by Arfwedson 
as a definite sulphuret; he obtained it by passing a current of hydrogen 
over anhydrous subpersulphate (disulphate of the peroxide) of iron. 
These compounds are gray and pulverulent, and ‘they both evolve mix- 
tures of hydrogen and oe hydrogen when dissolved in dilute 
sulphuric acid. ) 


HyposuLpPuite oF ProtoxipE oF [Ron (Fn+3) is obtained by digest-. 
ing finely-divided metallic iron in sulphurous acid; a solution is obtained 
at first brown, but becoming green, and no gas is evolved: it does not 
crystallize, and when evaporated leaves a dirty-white viscid mass, and is 
decomposed by exposure to air, When sulphuric or hydrochloric acid 
are added to its solution, sulphurous acid is evolved, and sulphur pre- 


cipitated. The solution of this hyposulphite furnishes one of the best 


instances of a pure protosalt of iron; and by keeping a few filings of iron © 
in it, it may be retained in this state. It gives a perfectly-white precipi- 
tate with the ferrocyanuret of potassium, if dilute, and infusion of galls 
does not immediately discolour it. : 


PRoTOSULPHITE OF [Ron (Fu+) has not been accurately examined. 
It may be obtained by digesting recently precipitated protocarbonate of 
iron in an aqueous solution of sulphurous acid: a brown solution is 
obtained, from which, when concentrated, alcohol throws down the sul- - 


phite. 


HyposunpHatTe oF ProroxipE oF [Ron is formed by mixing a solu- 
tion. of hyposulphate of baryta with protosulphate of iron: the filtered 
solution furnishes green prismatic crystals, easily soluble, and containing 
29:54-per cent. of water of crystallization. 


Sunpuates or Iron.—Sulphuric acid forms salts with both the oxides . 
of iron, and we have accordingly a protosulphate, and a persulphate of — 


iron: the latter is sometimes incorrectly termed a sesquzsulphate, because — 


] proportional of peroxide of iron combines with 13 of sulphuric acid; 
but as the peroxide of iron contains 1 atom of iron united to 14 of oxy- 
gen, the acid of the salt is the proper ay to that of the sie 
in the oxide, - ia 
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PROTOSULPHATE OF [Ron is the copperas and green vitriol of commerce, 
and is-often prepared by exposing roasted pyrites or bisulphuret of iron to 
air and moisture, in which case the salt is impure. . It is usually formed 
for medicinal and chemical purposes, by dissolving iron-filings or turnings 
in dilute sulphuric acid, filtering and evaporating the solution, and setting 
it aside to crystallize. It is also obtained, perfectly free from persulphate, 
by acting upon the artificial protosulphuret of iron by dilute sulphuric 
acid. This salt forms, when pure, bluish-green crystals in the form of 
oblique rhombic prisms, (Brooke, Ann. of Phil., 2nd series, vi. 120,) of a 
styptic taste, reddening vegetable blues; and including, according to 
Thomson, 7 proportionals of water. The specific gravity of the crystal- 
lized salt is 18; that of the anhydrous sulphate, 2°64. (Dumas.) The 
solubility of 1 part of crystallized sulphate of iron at different tempera- 
tures is, according to Brandes and Firnhaber, as follows. (Gmetin.) 


; Temperature 50°. 59°. 75°..92°. 115°. 140°. 183° . 194°. 212° 
Water . . 164 .1°43 .0°87 .0°66 . 044 . 038 . 037 . 027 . 0°30 


The solution is pale-green, and absorbs nitric oxide gas, acquiring a deep- 
brown colour; it also absorbs chlorine, and hydrochloric acid is formed, 
and the iron becomes peroxidized; so that water is here decomposed. It 
is insoluble in alcohol and in sulphuric acid, both of which deprive the 
crystals of water, and precipitate the salt from its solutions in the form of 


a white powder. 


er 


Exposed to dry air this salt effloresces; in moist air it gradually absorbs 
oxygen, and is partly converted into a persulphate, becoming of a rusty or 
reddish colour, whence the French term couperose applied to it, corrupted 
into copperas. It may also be converted into persulphate by nitric acid. 
When heated, it fuses in its water of crystallization, and at 238° loses 6 
equivalents of water, but retains 1 equivalent till heated above 535°; this 
may be driven off at a higher temperature, and at a red heat it evolves 
anhydrous sulphuric acid, peroxide of iron remaining in the vessel: by 
this process sulphuric acid used formerly to be prepared, and the residue 
was known under the name of caput mortuum vttriolt or colcothar. 
Hence, also, it is, that sulphate of iron is often used as a substitute for 
sulphuric acid, to separate weaker acids from their bases, at high tempe- 
ratures. Anhydrous protosulphate of iron ( te €+0)+(S +30) consists of 


Berzelius Wenzel. 
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Anhydrous protosulphate of iron 


and the ordinary crystals are composed of 


Berzelius. Thomson. Mitscherlich 
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Crystallized protosulphate of iron 1 139 100°0 =—-100°0 100 100-00 


When a solution of protosulphate of iron is made to crystallize at a 
temperature of 176°, it forms right rhombic prisms which include 4 equi- 
valents of water, and correspond with the sulphate of manganese; and 


‘ 
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when an acid solution of sulphate of iron is boiled down, a saline crust 
forms in which the salt is combined with 3 equivalents of water; lastly, 


by dissolving the salt in sulphuric acid, crystals may be obtained with 2° 


equivalents of water. (MrrscHERLICH. ) 

Native Green Vitriol is.frequently found associated with iron pyrites, 
being produced by its decomposition: it occurs in several of our coal- 
mines. When exposed to air it suffers the same changes as the artificial 
salt, A native persulphate of iron occurs in white granular masses in 
Chili, forming beds in some places 20 feet deep. (Rosr, PoaaEnp. Ann., 


xvii.) 


ProrosuLPHATE of Iron AND Ammonta is a triple salt, the crystals of 
which contain 8 proportionals of water, and are isomorphous with the 
ammonia-sulphate of magnesia. (MuiTsCHERLICH.) 


ProrosvtpHATE oF Iron AND Porassa is obtained by mixing solutions 
of proportionals of each of the salts; it is of a very pale tint of green, 
and the crystals contain 6 proportionals of water (MrrscuEruicy), 5 
(THomson.) 


PrersvnpHaTe oF Iron ( I €+1:0+8/) is obtained by dissolving 
the moist red oxide in sulphuric acid; or by adding sulphuric acid to a 
solution of the protosulphate, heating the mixture, and dropping into it 
nitric acid sufficient to peroxidize the salt. It does not crystallize, but 
affords, by evaporation, a brown deliquescent mass. It is formed in the 
mother-waters of the sulphate. Its taste is highly astringent; itis soluble 
in alcohol; when dry it becomes white. When concentrated sulphuric 
acid is dropped into a strong solution of this persulphate, it throws it 
down in the form of a white anhydrous powder. This occasionally occurs 
in sulphuric acid of commerce, and has been mistaken for sulphate of lead. 
Persulphate of iron consists of 


/ 


Peroxide ofiron . 1 . . 40 
Sulphuric acid . 14 digs, 80 
Persulphate of iron 1 100 


According to Dumas, the protosulphate and persulphate of iron are 
capable of crystallizing together, and forming a kind of double salt; it is 
this which usually occurs under the name of green vitriol; it is of a dingy 
grass-green colour; whereas the pure sulphate of the protoxide furnishes 
hydrated crystals which are of a bright bluish-green. 


SuBPERSULPHATE OF IRoN.—When an aqueous solution of protosul- 
phate of iron is exposed to air, or when a small addition of ammonia is 
made to the persulphate, a brown powder falls, composed, according to 
Berzelius, of 4. atoms of peroxide of iron and 1 of sulphuric acid: it is, 
therefore, a tetrasubpersulphate. 


AMMONIO-PERSULPHATE OF IRon may be obtained in octoédral crystals, 


which are colourless, and not unlike alum, by evaporating a mixed solu- - 


tion of sulphate of ammonia and excess of persulphate of iron. This salt, 
according to Forchammer (Ann. of Phil., v.), is composed of ' “aged 
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Forchammer. 
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Persulphate of ironand ammonia 1 482 100°0 100°00 


When ammonia is cautiously added to a solution of persulphate of 
iron, and the mixture left to spontaneous evaporation, six-sided prismatic 
crystals are deposited, composed, according to Maus (PoecxEnp., vol. xi. 
p- 79), of 

Sulphuricacid . . . . « - 49°20 
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PERSULPHATE OF Iron AND Porassa forms octoédral crystals much 
resembling alum in form, colour, and taste. These crystals are occasionally 
found amongst those of common alum, and are a most inconvenient im- 
purity. They are decomposed by repeated solution in water: they consist, 
according to Mitscherlich, of 
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- Persulphate of iron and potassa = 1 513 ,100°0 


PuospHuret oF Iron. DirnospHuret or Iron (2 fe €+p) may be 
formed by dropping phosphorus into a crucible containing red-hot iron- 
wire; it is a brittle gray compound, and sometimes crystallizes in rhom- 
boidal prisms. It acts upon the magnet. (Upon the subject of the 
magnetic qualities of the sulphuret and phosphuret of iron, the reader is 
referred to Mr. Hatchett’s analysis of the magnetical pyrites. Phil. 
Trans., 1804.) It may also be procured by the ignition of a mixture of 
iron-filings, phosphoric acid, and charcoal powder; or by decomposing 
phosphate of iron by charcoal. It is very difficultly soluble in the acids, 
_A small portion of this compound is said to be present in all cold-short 
iron, and is eminently injurious to the quality of iron when it is contained 
in it to the amount of 1 per cent. Steel which does not contain more 
than 1 part in 1000 of phosphuret of iron is rendered harder, and for some 
particular purposes improved. 

Phosphuret of iron obtained by the above processes, consists of 


Berzelius. Pelletier. 
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Phosphuret of iron ] 712 100°0 100°000 160 


When phosphuretted hydrogen gas is passed over heated iron pyrites, 
a compound is formed, containing 54°92 to 56°87 iron +45:08 to 43-13 
phosphorus. (H. Rosr.) . No definite compound of phosphorus and iron 
in single atomic proportions has been obtained; the diphosphuret com~ 
pines readily by fusion in all proportions with iron; but where a larger 
proportion of phosphorus is added, it burns away, and is never retained 
in greater quantity than about 22 per cent. | 
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ProtopHosPHATE OF Iron (Fr +/)/) is insoluble, and may be formed 
_by adding. solution of phosphate of soda! to protosulphate of iron. The 
protophosphate of iron’ is «at first white, but soon becomes blue by 
exposure; it is soluble in most of the acids, from which it may again be 
precipitated by ammonia. When it has acquired a full blue tint, it is 
probably analogous to the native phosphate, and is a hydrated compound 
of the phosphate of the protoxide with subphosphate of the peroxide. 


PERPHOSPHATE OF. [Ron is a white insoluble precipitate, formed by 
adding phosphate of soda to persulphate or perchloride of iron: when 
heated it gives out water and becomes brown. Digested with potassa or 
soda it is converted into a brown subperphosphate. 

These phosphates have been analyzed by Vogel (Ann. of Phil., xiii. 
310), and although some of his results might be represented by formule, 
others are apparently inconsistent with the usually accepted equivalents. 


Native Phosphate of Iron occurs in the form of a blue earthy pow- 
der; or if at first white, it becomes blue by exposure: it also is found 
in prismatic crystals. The former has sometimes improperly been termed 
Native Prussian Blue, and has been found in alluvial soil: the latter 
occurs with iron pyrites in Cornwall. The blue crystallized variety 
analyzed by Stromeyer (Untersuchungen, i. 274), afforded 
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Iron AND CARBON. CARBURET OF IRon.—It is doubtful how far 
any true atomic compound of iron and carbon can be obtained. I have 
already adverted to the claims of graphite to be so considered, and in a 
subsequent paragraph the composition of cast-iron, in reference to the 
carbon it contains, will be noticed. It has been observed by Berzelius, 
that some of the combinations of oxide of iron with organic acids may 
possibly yield by calcination definite carburets; the residues of the calci- 
nation of Prussian blue, and of ferrocyanuret of ammonium, are also com- 
binations of iron and carbon, but how far these contain also nitrogen is a 
question which has not been adequately examined. - By long continued 
fusion of steel with charcoal, Stodart and Faraday obtained a highly 

- crystalline compound containing between 5 and 6 per cent. of carbon, and 
apparently therefore definite in its nature. All these compounds are 
principally interesting in reference to their influence upon the properties 
of cast-iron and steel, under which they will again be recurred to. 

Considerable difficulty attends the analysis of compounds of carbon 
and iron, in estimating the proportion of the former; this has generally. 
been indirectly effected by ascertaining the quantity of iron, and consi- | 
dering the loss of weight as carbon; a method obviously objectionable. If 
the action of dilute sulphuric acid be resorted to, a portion of carbon is 
carried off by hydrogen; the same is the case with hydrochloric acid; and 
if nitric acid be used, some carbonic acid may. be formed, and artificial 
tannin 1s produced. Perhaps the best method is to mix 5 grains of the 
compound (such as cast-iron or steel) reduced to powder or fine filings 
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with 60 or 80 grains of chromate of lead; about a fourth part of this mix- 
ture is then put aside, and 5 grains of chlorate of potash are added to 
and well mixed with the remainder; this treble mixture is then put into 
a tube similar to those used in organic analyses, and the portion of the 
mixture without the chlorate is afterwards put upon it; the tube is then 
properly adapted to Liebig’s apparatus. The portion of the tube is then 
heated which contains the mixture without the chlorate, and when this is 
red hot, the heat is successively applied to the whole; in this way the 
carburet is burned by the oxygen of the chlorate, a very minute quantity 
only of oxygen escaping; the oxidizement is afterwards continued at the 
expense of the chromate. It is convenient to protect the tube by a strip 
of thick leaf copper folded round it in order to enable it to bear the tem- 
perature requisite for the fusion of the chromate of lead. In three 
experiments, 5 grains of the same cast-iron gave 

0°582 carbonic acid = 3°22 of carbon per cent. 

0°585 9 = 3°23 99 

0°588 i = 3:25 4 


(Reenavtt, Ann. de Ch. et Ph., uxx. 107.) 


ProrocARBONATE oF Iron. (Fe+ Ca1/.)—Carbonic acid may be com- 
bined with the protoxide of iron, by adding carbonate of potassa to solution 
of protosulphate of iron; a white or greenish precipitate of hydrated pro- 
tocarbonate of iron falls, which, exposed to air, becomes brown and evolves 
carbonic acid; so that a dry protocarbonate of iron cannot thus be obtained. 
Solution of bicarbonate of potassa occasions a white precipitate with sul- 

hate of iron, part of which is redissolved on adding excess of the 
carbonated alkali. When carbonic acid in aqueous solution is digested 
with iron-filings, a colourless solution of the protocarbonate is obtained: 
it is not an uncommon ingredient in mineral waters, where it is held in 
solution by excess of carbonic acid, It consists of 


Protoxide-of iron *. > % 1 uy oS. 36 +. >. 62 
Carbonic acid .. . SOP taht, tiga 


] 
] 58 100 


Protocarbonate of iron 

Native Protocarbonate of Iron, or Spathose Iron Ore, occurs in Ger- 
many, and in some parts of Cornwall, crystallized in imperfect rhomboids. 
Its primary form is a rhomboid closely resembling that of carbonate of 
lime. Its colour is yellowish, or brownish-gray. It generally contains 
manganese, lime, and a trace of magnesia. A specimen of this mineral 
from Eulenloh in Bareuth, analyzed. by Bucholz (Gruen’s Journ., 1. 
231), contained carbonic acid 36, protoxide of iron 59, lime 3, water 2. 
These components indicate that this mineral consists essentially of proto- 
carbonate of iron, composed as above. The clay iron ore of our coal 
districts, from which British iron is chiefly obtained, is an impure profo- 
carbonate of iron. Previous to reduction, it is reduced by heat to the 
state of oxide, as will appear from the account of the manufacture of iron, 
at the end of this section. The following table shows the composition of 
six specimens of the clay-ironstone from the coal-beds of the neighbour- 
hood of Glasgow, analyzed by Dr. H. Colquhoun. (Brewster's Journ., 
vii. 234.) | 


746 CYANURETS OF IRON 


Carbonic acid : 31°86 | 30°76 
Protoxide of iron . . 35°22 | 45°84 | 42°15 | 38°80 | 36°47 | 47°33 
| Protoxide of manganese | — 0-20; — 0°07 | 0°17 | 013 
TRING Vgiidoae kee ~s 8°62 1:90 4°93 5°30 | 1°97 | 2:00 
Magnesia pe) gts a3 5:10 5'90 4°80 6°70 | 2°70} 2:20 
PLGA re Var ka) tele 9°56 | 7°83 9°73 | 10°87 | 19°20] 6°63 


dias es ee 8 5°34 | 2°53 3°T1 6°20 | 8:03 | 4:30 
Peroxide ofiron . . 116; —— | 06°80] 0°33 | 0°40) 0°33 
Coaly mattér . . ; 2°13} 1°86.) 2°33). £87.) 2:10) 1:70 
Sulphur... se 0-62| — _ 016) — 0°22 


Moisture e « ° e ° TS 0:99 — — — — 


—_—_—_—_— | = nd ee 


101°00 


100°68 '100°37 

PercaRBONATE OF Iron has not been obtained in a separate state; 
for the protocarbonate, whilst drying, exposed to air, loses carbonic acid, 
and becomes peroxide. When bicarbonated alkalis are digested with 


recently-precipitated peroxide of iron, triple salts are formed. 


Iron AND CyANoGEN.—These substances give rise to several important 
compounds, in which they exist either combined in various proportions, 
or as a basis, in union with other bodies. 


PRoTocyANURET OF [Ron ( f €+ CY) is obtained, according to Berze- 
lius, in the form of a gray powder, by gently heating ammonio-cyanuret 
of iron (Ferrocyanate of Ammonia) out of the contact of air. It is 
formed, according to Robiquet, by digesting recently-prepared Prussian 
blue in a well-stopped phial with a saturated solution of sulphuretted 
hydrogen; it becomes white, and the solution contains hydrocyanic acid. 
When solutions of cyanuret of potassium and protosulphate of iron are 
mixed, an abundant reddish precipitate falls, which is redissolved by 
excess of the cyanuret, and then forms ferrocyanuret of potassium. Upon 
the whole, it is doubtful whether a pure protocyanuret of iron has been 
isolated: its components are : 


: Tron e e © e 28 e e 51° 9 Tron ® a 51 9 


I 
Cation aio i... AD va 
Nitrogen. 1 . . 14 . . 25 a Cyanogen 48'1 


— —— ———___. 


a 54 100-0 1000 * 

According to Pelouze (Ann. de Ch. et Ph., uxix. 40), a combination of 
cyanogen and iron, corresponding to the black magnetic or deutoxide of 
iron, is obtained by passing a current of chlorine into a boiling solution 
“of ferrocyanuret of potassium; a green powder precipitates, which is to 
be boiled in 8 or 10 parts of concentrated hydrochloric acid, by which 
peroxide of iron and Prussian blue are dissolved, and a green powder 
remains, which, when washed and dried in vacuo, constitutes this inter- 
mediate combination. Heated to 355° it loses water, cyanogen, and a 


little hydrocyanic acid, and acquires a deep purple éolout: In a solution | 


of caustic potassa it is converted into peroxide of iron, and a mixture of 
the ferrocyanurets of potassium. 

Percyanvrer or Iron. Sxsquicyanurer or Iron. (f+ CY) 
or f+ cy).—This compound has not been isolated. It is obtained 


in solution when ferrosesquicyanuret of potassium is decomposed by — 


fluoride of silicon, forming a brown astringent liquid; but on evaporation 
it deposits Prussian blue. (See 4 errosesquicyanurets.) 


4 


= - 


" ae 
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Ferrocyanurets.—-Protocyanuret of iron, which we may call ferro- 
cyanogen, combines with a variety of other metallic cyanurets, forming 
double cyanurets, or ferrocyanurets, and they are generally so constituted 
as to contain 1 equivalent of the ferrocyanogen combined with 2 equiva- 
lents of the other cyanuret: their elements, therefore, are in such a ratio, 
that if the metals were converted into protowides at the expense of water, 
the hydrogen would just suffice to form hydrocyanic acid with the cyan- 
ogen; or, in other words, one equivalent of the respective ferrocyanurets 
would decompose three equivalents of water. 3 

[Liebig applies the term ferrocyanogen to a hypothetical compound 
(salt-radical) of 3 atoms of cyanogen and 1 of iron ( f €+3CY), and he 
designates by the term ferricyanogen (Ferridcyanogen of Turner) a salt- 
radical containing 6 atoms of cyanogen and 2 of iron (2 fi ¢+6CY). | 

The ferrocyanurets are decomposed by heat with various phenomena. 
1. The ferrocyanogen evolves nitrogen and becomes converted into 
bicarburet of iron, which remains mixed with the basic cyanuret; this is 
the case with ferrocyanuret of potassium. 2. The cyanogen of both 
the cyanurets is decomposed, nitrogen evolved, and metallic bicarburets 
of iron and of the basic metal are formed, as with ferrocyanuret of lead. 
_ 3. The basic cyanuret evolves cyanogen, and is reduced, as in the case of 
ferrocyanuret of silver. . 


FrrrocyANvret or Potasstum. FrerrocyaNate oF Potassa. Prus- 
SIATE OF PoTassa. ( f e+ ¢Y)+2(po+cy.)—When Prussian blue is 
boiled with potassa it is decomposed; it loses its blue colour; oxide of 
iron is separated; and on filtering and evaporating the solution, crystals 
of the above compound are obtained. It is best formed by adding 
powdered Prussian blue (previously heated with a dilute sulphuric acid 
composed of 1 part of acid and 5 of water, and afterwards washed), to a 
hot solution of potassa, as long as its colour is destroyed. It is largely 
prepared as an article of commerce, chiefly for the use of calico-printers, 
by the following process :— 

“Into an egg-shaped iron pot, brought to moderate ignition, project a 
mixture of good pearl-ash and dry animal matters, of which hoofs and 
horns are best, in the proportion of 2 parts of the former to 5 of the 
latter. Stir them well with a flat iron paddle. The mixture, as it 
calcines, will gradually assume a pasty form, during which transition it 
must be tossed about with much manual labour and dexterity. When 
the conversion into a chemical compound is seen to be completed by. the 
- cessation of the fetid animal vapours, remove the pasty mass with an iron 
ladle. If this be thrown, while hot, into water, some of. the prussic 
acid will be converted into ammonia, and of course the usual product 
diminished. Allow it to cool, dissolve it in water, clarify the solution by 
filtration or subsidence, evaporate, and, on cooling, yellow crystals of the 
ferroprussiate of potash will form. Separate these, redissolve them in hot 
water, and, by allowing the solution to cool very slowly, larger and very 
regular crystals may be had.” (Ure’s Dictionary.) 

Mr. Charles Macintosh, of Glasgow, who is one of the largest manu- 
facturers of this salt, informs me that the animal matters employed as the 
source of cyanogen are chiefly chips of horns, animal hoofs, woollen rags, 
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and the substance called greaves, which is the refuse of tallow-melters, 
and consists chiefly of cellular membrane from which the fat has been 
expressed: these are burned, and, in fact, fused at a very high heat with 
potash, to form what is called prussiate cake; this, when cold, is lixivi- 
ated with water, and the evaporated solution yields a first crop of very 
impure ferroprussiate; it is redissolved, and the second crystallization is 
allowed to go on very slowly, it being at least a fortnight before the con- 
tents of the coolers are disturbed. The iron requisite to the constitution 
of this salt is derived from the iron pots and stirrers used in the operation, 
or, if requisite, iron filings are added. 

The following explanation of the theory of this process is from Liebig. 
When animal substances containing carbon and nitrogen are fused with 
potash at a red heat, the potassium is reduced by the carbon, and forms 
by its reaction on the other ingredients cyanuret of potassium. The fused 
mass at a red heat contains no ferrocyanogen, but iron and carburet of 
iron in the form of a suspended powder. When it is lixiviated with cold 
water and immediately evaporated, it furnishes no ferrocyanuret; but 
when the solution is gently heated for several hours in the contact of air, 
oxygen is absorbed, it acquires a yellow colour, and now contains much 
ferrocyanuret of potassium. This explains why a solution of cyanuret of 
potassium in pure water and in the presence of finely-divided metallic 
iron, absorbs the oxygen of the air in passing into the state of oxide of 
potassium and dissolving the metal; the potassium of the cyanuret, in 
yielding to the iron the cyanogen with which it was combined and so 
forming cyanuret of iron, enables it to combine with the remaining unde- 
composed cyanuret of potassium to form ferrocyanuret of potassium. In 
close vessels the solution of iron by cyanuret of potassium evolves hydro- 
gen. The fused mass also contains free potassa, which, by being boiled 
with the cyanuret of potassium, decomposes it into formiate of potassa 
and ammonia. When animal substances are fused in open vessels with 
potassa, cyanate of potassa is formed, which is decomposed by boiling into 


ammonia and bicarbonate of potassa; the quantity of ammonia formed | 


being in proportion to the loss of cyanuret of potassium. 

The best way of converting the whole of the cyanuret into ferrocyan- 
uret of potassium, is to treat one-third of a cold solution of the raw mass 
with protosulphate of iron, as long as a precipitate falls, and then to add 
the remaining two-thirds of the solution, and heat the whole to the boil- 

“ing-point; the solution may then be evaporated without decomposition, 
and the sulphate of potassa is easily separated by crystallization from the 
ferrocyanuret. The original solution of the fused mass generally contains 
sulphuret and sulphocyanuret of potassium, and formiate and carbonate 
of potassa, which remain in the mother liquor. 


Mr. L'Thompson has observed that cyanuret of potassium is abundantly — 


formed when an ignited mixture of coke or charcoal, carbonate of potassa, 
and iron-filings, is exposed to the action of the air. In that process he 
says the potassa is decomposed by the iron, and that the evolved potas- 
sium combines with the carbon, and also with the nitrogen of the 
atmosphere; and that the cyanuret of potassium results from this action. 
He proposes to apply this process to the manufacture of Prussian blue. 
(Trans. Soc. Arts, vii. 24.) 
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' Ferrocyanuret of potassium forms permanent lemon-yellow crystals, 
of a specific gravity of 1:83: they are insoluble in alcohol, which throws 
down the salt in yellow flakes from its aqueous solution. Water at 60° 
takes up about one-third, and at 212°, its own weight of this salt. (Urz.) 
According to others it is soluble in 4 of cold and 2 of boiling water. It 
has a bitter, saline, and sweetish taste, and is not poisonous. The large 
crystals are tough, and the thin ones somewhat elastic: their forms have | 
been described by Levy and Brooke, (Quart. Journ., xv. 288; Ann. of 
Phil., N. S., vi. 41.) They are four-sided tables, derived from a primary 
octoédron. When moderately heated this salt loses its colour, and 
crumbles into powder, parting with about 13 per cent. of water. The 
crystals retain their figure till upon the verge of ignition. By a red heat 
it is converted with the escape of nitrogen into carburet of iron and 
cyanuret of potassium: when exposed to air the latter salt becomes 
cyanate of potassa. Boiled with dilute sulphuric or hydrochloric acids, 
hydrocyanic acid is given out, and a white precipitate formed similar to 
that which the salt produces in a solution of protosulphate of iron. By 
nitric acid and by chlorine it is converted into ferrosesquicyanuret of 
potassium. 

Neither sulphuretted hydrogen, the hydrosulphurets, the alkalis, nor 
tincture of galls, produce any precipitate in solutions of this salt. Red 
oxide of mercury decomposes it at a moderate heat, peroxide of iron and 
metallic mercury are precipitated, and cyanuret of mercury formed; so 
that the iron is peroxidized at the expense of the oxide of mercury. 

When a solution of this salt forms insoluble precipitates in metallic 
solutions, the nature of the metal present may often be judged of by the 
character and colour of the precipitate, as indicated by the following 
table: — ) 


MawncanEsE | Neutral protochloride | White 

Iron.. . .| Neutral protosulphate White or pale blue 
Ditto . .| Perchloride Prussian blue 

Zinc . . ./| Chloride Yellowish white 

Tin. . .| Acid protochloride White, then yellow and bluish 
Ditto .. .| Acid perchloride_ Pale yellow, 

Capmium .| Chloride © White 

Copper . ./| Protochloride Lilac 
Ditto . .| Pernitrate Deep brown 

Leap... . | Nitrate White 


_AwrTimony. | Tartrate of antimony and potassa | 0 
BismutH .| Tartrate of bismuth and potassa | 0 


Copatt . .| Chloride Pale green 

Uranium . | Sulphate Deep brown 3 

Tiranium .| Acid chloride “ Deep blue (from acid) 
Ditto . .| Neutral sulphate Sap green 


ARSENIC .| White oxide 
Ditto . .| Arsenic acid 


NickeL . .| Sulphate Gray 
Mercury ./| Acid nitrate Greenish white 
Ditto . . | Acid pernitrate Ditto 
Ditto . . | Corrosive sublimate White 
PattapiuM | Chloride _, Olive 
Sitver . .| Nitrate ; Cream-colour 
Gotp  . ./| Chloride ey 0 
Priatinum .| Chloride | Yellow 
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Various opinions have been entertained with regard to the proximate 
composition of the salt we have been describing. In its crystalline form 
it is, according to Berzelius, a hydrated ferrocyanuret of potassium, and 
I have adopted this as the simplest view of its constitution; that is, as 
consisting, in its anhydrous state, of 1 atom of cyanuret of iron, combined 
with 2 atoms of cyanuret of potassium. In this state, therefore, its ulti- 
mate elements are 


Robiquet. 
Trofi? ¢30 hss tee OeO eo ee eee 
Potassium 2 .°: 80. 2°48 ©. 429 
Cyanogen 3 . . 78 . . 42 . . 422 
1 186 100 -100°0 


These elements are equivalent to 


Cyanuretof iron) 2). o1s,: <6) uP4) ssn 
Cyanuret of potassium 2 . . 132. . 7/1 


1 186 100 
And the hydrated or crystallized ferrocyanuret, will consist of 


Ure. Débereiner. 

Anhydrous ferrocyanuret of potassium 1 . 186 . 873 . 8712. 88 

icier oy he tye. cokathect.t¥cis in Aukccn cteadiee ha cal ome ke an ee 
Re 


213 1000 10000 1003 


According to Liebig ferrocyanuret of potassium contains 1 equiva- 
lent of the salt-radical above adverted to (composed of 1 equivalent of iron 
and 3 of cyanogen), combined with 2 of potassium ( vA €+3CY) + (2po), 
which again gives the equivalent 186 for the anhydrous salt. 

Another view of the constitution of the hydrated salt has been founded 
upon the experiments of Porrett (Phil. Trans., 1814). It will be 


observed that l‘atom of the anhydrous ferrocyanuret is combined with 


three atoms of water, the oxygen of which is obviously just that required 
to convert the iron and the potassium into protoxides, and the hydrogen 
to convert the cyanogen into hydrocyanic acid; so that, viewed in this — 
way, the salt has been regarded as composed of 


Hydrocyanate of protoxide ofiron. . 1 . . 638 . . 296 
os of potassa . oom 150 ..-. 704 


2 
1 


Crystals of ferrocyanuret of potassium 213 100°0 


But Mr. Porrett conceived the protoxide of iron to be so combined with — ; 


the whole of the hydrocyanic acid, as to constitute a distinct acid, which 
he termed ferruretted cyanic, or ferrochyazic acid (from the initial letters 
of carbon, hydrogen, and azote.) 


BIrerROcYANURET oF PorasstumM.—When a mixture of the preceding 
terrocyanuret of potassium with sulphuric acid is subjected to distillation, 
hydrocyanic acid is evolyed, and a ferrocyanuret, represented by the for- 
mula 2( fe+ CY) +(po-+ cy), is among the products. Mr. Everitt has 
termed this ferrocyanuret “ yellow salt,” in the following diagram, show- 
ing the changes which ensue when 6 atoms of concentrated sulphuric 
acid are heated with 2 atoms of crystallized ferrocyanuret of potassium. 
(Paiuuirs, Translation of London Pharmacopeia.) 


Sulphuric acid .*. s 6 . -240 


Cyanuret ofiron . . 2 . 108 


=- Se 
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Before Distillation. After Distillation. 
Atoms. Equivalents. Atoms. © Equivalents. 


Cyanuret of potassium 4 . 264 Hydrocyanicacid . . 3. . . 81 


__/ Cyanuret of potassium 1 ee { 66 
6 in the acid ~~ |Cyanuret ofiron ~. . 2 J Salt t 
Water 16 in the et ? hie WHC, of snes Mey D+ steel 


720 720 | 
According to Gay Lussac, the result of the action of sulphuric acid 
upon ferrocyanuret of potassium is a white powder, which, after having 
been well washed with boiling water, and exposed to air, acquires a dingy 
blue tint, but becomes deep blue when moistened by dilute sulphuric 
acid, and yields sulphate of potassa: this white ferrocyanuret consists, 
he says, of 7 atoms of iron, 2 of potassium, and 9 of cyanogen: by the 
dilute acid, the 2 atoms of potassium are abstracted, and the remaining 
7 of iron and 9 of cyanogen form Prussian blue. (Ann. de Ch. et Ph., 
xLvi. 78.) 


Ferrocuyazic Acip. Hyprocyanorerric Acip (of Gay Lussac). 
Hyprorerrocyanic Acip. Frrrocyanic Acip. ( te €+0)+3 (cy+ h. ) 
—This acid may be obtained, according to Porrett, as follows:—Dissolve 
58 grains of crystallized tartaric acid in alcohol, and pour the solution into 
a phial containing 50 grains of ferrocyanuret “of potassium, dissolved in 
3 drachms of warm water; by these means the potassa is precipitated in | 
the state of supertartrate, and the ferro-chyazic acid remains dissolved 
in the alcohol, from which it may be obtained, by careful evaporation, in 
small cubic eryatals (Ann. of Phil., Sept. 1818); or a solution of ferro- 
cyanuret of barium may be dadtiapoled by sulphuric acid, so as exactly 
to abstract the baryta in the form of sulphate. Berzelins recommends 
the decomposition of recently-precipitated ferrocyanuret of lead or copper 
diffused through water, by sulphuretted hydrogen, filtering, and getting 
rid of the excess of sulphuretted hydrogen, which would spoil the air- 
pump, by a little ferrocyanuret of lead: the solution should ultimately be 
rapidly filtered, and evaporated in vacuo over sulphuric acid. A white 
residue remains, which, when dissolved in water, is. sour, inodorous, and 
yields Prussian blue with a persalt of iron; it dissolves the alkaline 
carbonates with effervescence, and yields ferrocyanurets. Its aqueous 
solution, when exposed to light and air, gradually deposits Prussian blue, 
and, when boiled, deposits white protohydrocyanate of iron, Subjected 
to destructive distillation it yields hydrocyanic acid, hydrocyanate, and 
carbonate of ammonia, and leaves carburet of iron. This acid consists, 
according to Berzelius (and Porret?), of a 


Protoxide ofiron . « 1. . 36 .°'. 308 
Hlydrocyanic'acid. . 39 . , Sl . . 69°2 


— ——= —_——_—— 


|niydrcya of potassa. 3 . » » 384 


Hydroferrocyanic acid 1 117 100°0 


and the crystallized ferrocyanuret of potassium may be regarded as an 
anhydrous disalt of this acid, or as consisting of 


Hydroferrocyanic acid. 637.9) 5 2 2 oe fp DIT ne 
DR OTASERE Bony stun oll w ec, Gels gia are a) Laer 
Crystals of ferrocyanuret of potassium 1 213 ==: 100 
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According to Liebig the constituents of the hydroferrocyanic acid a-e 
(3 CY + 42 €)+2h, to which if we add 1 atom of water, we get the for- 
mula (3 cy + fi C)+2 h+(h+ 0), which are the elements of 1 atom of 
protoxide of iron and 3 of hydrocyanic acid, or ( te €+0)+3(Cy+ h). 


FerRocyANuRET oF AMMONIUM. T'ERROCYANATE oF AMMONIA.— 
When ferrocyanuret of lead is diffused through water, holding carbonate 
of ammonia in solution, or when Prussian blue is digested in solution of 
ammonia, the filtered liquors yield small yellow octoédral crystals, which 
are transparent, permanent in the air, very soluble in water, and insoluble 
in alcohol. By boiling-water this salt 1s converted into cyanuret of 
ammonium and cyanuret of iron. When equal parts of ferrocyanuret of 
potassium and sal-ammoniac are boiled together in 6 parts of water, large 
brittle crystals of a lemon-yellow colour are deposited on cooling, com- 
posed, according to Bunsen, of 1 equivalent of ferrocyanuret of ammo- 
nium, | of sal-ammoniac, and 3 of water. ! 

The constituents of the crystals of ferrocyanuret of ammonium appear 
to be 


MEOW ts tee ais 1 20's ee , LOG 
Ammonia ek teeta The, ae «brig argh 1 hy Abd el 
Cyanogen 67.504 102 ots Oa PE ats ee ae Pc) a eee 
Water Ey fie she WE RE OE Bie 8 Sian: oe 
Crystals of ferrocyanuret of ammonium 1 167 100°0 


FERROCYANURET OF Sopium. ( te €+ Cy) +2($0+Cy).—This salt is 
obtained by boiling Prussian blue with caustic or carbonate of soda. Its 
solution yields hydrated yellow quadrangular prismatic crystals, soluble 
in 4:5 of water at 55°, and insoluble in alcohol. They effloresce, and 
lose by drying 40 per cent. of water. Their components are 


eOn ee Pet. KITTY. Bae 1 26. aL 
PP OCUEN foe ye Hey cdG 1a ste ye 1 Ls in ene A ere ee a, 
CYGMORED oie esas 0. 8 FIN Gs hin (aes ole cers ee a re 
‘Water : ee bY 108. = 4¥2 
Crystals of ferrocyanuret of sodium 1 262 100-0 


FrerrRocyANURET oF Barium ( te e+ cy)+2 (ba+ Cy), is obtained by 
digesting Prussian blue in hot baryta water: as it cools, yellow rhom- 
boidal prisms are deposited. The salt requires 100 parts of boiling water 
and 1920 of cold water for its solution. The crystals contain 18 per cent. 
or 6 equivalents of water,.of which the greater part may be expelled at 
PhO: 

FERROCYANURET OF STRONTIUM ( f €+cy)+2(str+cy) is formed 
by boiling a mixture of Prussian blue and hydrate of strontia in water: 
it forms yellow crystals soluble in 4 parts of cold water. cia 


FERROCYANURET OF CALCIUM. ( vA €+CY)+2 (cal+ cy). — When 
hydrate of lime and Prussian blue are boiled in water, and the resulting 
solution filtered and evaporated to the consistence of syrup, it yields large 
lemon-yellow four-sided prisms which effloresce in a warm atmosphere, 
and at 212° lose nearly 40 per cent. of water, retaining about 2 per cent. 
which cannot be separated except at a higher temperature. 


4 
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FerrocyanureT OF Maanesium crystallizes in small deliquescent 
tables. 


FERROSESQUICYANURETS. FERRIDCYANURETS. FERRICYANURETS. — 
A sesquicyanuret of iron, or a compound of 1 atom of iron and 11 of 
cyanogen, (2 fe €+3CY,) cannot be obtained in an insulated state; but 
such a compound acts the same part as the protocyanuret of iron in 
regard to basic cyanurets, and produces a class of definite compounds 
which have been termed ferrosesquicyanurets. (L. Gmeuin.) The com- 
pound which we have here termed ferrosesquicyanogen, Liebig designates 
ferricyanogen, which is translated by Turner into ferrideyanogen, the 
difference between ferrocyanuret and ferricyanuret not being adequately 
distinctive; but he takes a different view of the composition of this salt- 
radical, and represents it by the formula (2 fe E+6CY) or 2( te C+3CY). 


FERROSESQUICYANURET, FERRICYANURET, or FERRIDCYANURET OF Po- 
TAss1um.— W hen chlorine is passed through a solution of ferrocyanuret of 
potassium till it ceases to precipitate Prussian blue from the persalts of 


_ iron, and the fluid then filtered and slowly evaporated, it furnishes right 


rhombic prismatic crystals, which, purified by a second solution, assume 


a ruby-red colour; they are anhydrous, and require 3°8 parts of cold 
water for solution, and are nearly insoluble in alcohol. They burn with 
brilliant scintillations, and when heated in close vessels give off cyanogen 
and nitrogen, and leave ferrocyanuret of potassium and carburet of iron. 


When dissolved in water this salt is decomposed by sulphuretted hydro- 


Lo. 


gen, sulphur and cyanuret of iron are precipitated, and hydrocyanic acid. 
and ferrocyanuret of potassium formed. Although this salt occasions no 
change in solutions of iron containing the peroxide only, it is a most 
delicate test of the protowide of that metal. This salt (doubling the equi- 
valents, to avoid fractions) is constituted of 


L. Gmelin. 

Tron 2 OG: 3.6:28t LG) ier. &: PRO? 

Potassium 3 LOD opt oe ls Soe 

Cyanogen 6 166 . . 47:0 . . 49°00 

‘ 1 332 100°0 101-87 

Or, of 

2 equivalents of sesquicyanuret of iron 2 Che e-+h cy) (67% 2)=1384 .. 40°4 
3 = cyanuret of potassium 3( po+cy) (66x3)=198 .. 596 
332 100°0 


Or, according to Liebig, 
1 equivalent of ferrideyanogen (2/e+6cy) 212 . . 64 _ 
3 S. potassium (3 po) 1206 te 
332 100 
Although the action of chlorine furnishes the readiest mode of con- 
verting ferrocyanuret into ferrosesquicyanuret of potassium, there are 
other agents by which the same change may be effected. (Swen, PAil. 
Mag. and Ann., Sept. 1840.) | 
The ferrosesquicyanurets of sodium, barium, and calcium, may be ob- 
tained by the same process, care being taken to avoid excess of chlorine, © 


which is apt to react upon the salt. 
3D 
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Ferrosesquicyanuret of potassium throws down the following metals, 
of the annexed colours:— 


Titanium . . Brownish yellow Silver . . Orange-yellow - 
Uranium . . Reddish brown Mercury . Yellow (both oxides) 
Manganese . Brownish gray Tin . . . White - 
Cobalt . . . Dark red-brown ZAC... 6; % Orange 

Nickel . . . Yellowish brown ~ Bismuth. . Yellow-brown 


Copper. . ..Dirty yellow-brown 


Frrrosesquicyanrce Acip. Hyprorprripcyanic Acrp.—When fer- 
rosesquicyanuret of potassium is added to a solution of lead, no ‘imme - 
diate precipitation ensues, but, after a time, brown crystals of ferroses- 
quicyanuret of lead are deposited. When these are dissolved in water 
and decomposed by sulphuretted hydrogen, the filtered solution, which is 
of a red colour, yields, on evaporation, brown crystals, which are acid, 
and which bear the same relation to ferrosesquicyanogen, as the corre- 
sponding product of the ferrocyanuret of lead does to ferrocyanogen. 
Liebig represents this acid by the formula (6 CY +3 fi €)+sh. 


FrRROSESQUICYANURET, FERRICYANURET, or FERRIDCYANURET OF 


Tron. Prusstan Buivr.— This celebrated pigment was accidentally — 


discovered by Diesbach, a colour-maker at Berlin, in the year 1710: the 
first description of the mode of preparing it is given by Woodward in 
the’ Philosophical Transactions for 1724. Jt was formerly made as fol- 
lows. Equal parts of carbonate of potassa and some animal substance, 
such as dried blood, or horn-shavings, were heated red hot, in a crucible, 
for half an hour, and 6 or 8 parts of water poured ‘upon the mixture 
when it had quite cooled. The solution, formerly called limzvewm san- 
guinis, was filtered and mixed with a solution containing 2 parts of alum 
and 1 of protosulphate of iron; a precipitate fell, at first of a dingy- 
ereen hue, but which, by copious washings with very dilute hydrochloric 
acid, acquired a fine blue tint. 

At present, Prussian blue is prepared of different degrees of purity, 
by precipitating solutions of peroxide of iron by ferrocyanuret of potas- 
sium, various additions being made to it according to the purposes for 
which it is required. Pure Prussian blue is obtained by adding a solu- 


tion of ferrocyanuret of potassium to persulphate of iron, thoroughly — 


washing the precipitate, first with water slightly acidulated by sulphuric 
acid, and then with pure water, and ultimately drying it in a warm 
place. Liebig recommends the following process on the authority of 


Hochstitter:—Dissolve 6 parts of protosulphate of iron and 6 parts of — 


ferrocyanuret of potassium, each separately, in 15 parts of water; mix 
the two solutions, and add to them | part of concentrated sulphuric, and 
24 of hydrochloric acid, under constant stirring. After some hours, 
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add a clear solution of 1 part of chloride of lime in 80 of water, in — 


successive portions, taking care to stop as soon as any chlorine escapes 
by effervescence. After some hours, the precipitate should be thoroughly 
washed, and dried either at common or higher temperatures. The finest 
product is obtained by washing the precipitate with dilute nitric acid. 

_ Prussian blue is of a peculiarly rich and intense blue, with a copper 
tint upon its surface: it is insipid, inodorous, insoluble in water, in 


alcohol, and in dilute acids, and is not poisonous. Concentrated sulphuric — 


4 
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acid forms with it a white pasty mass, from which water again separates 
it unaltered; nitric acid decomposes it; concentrated hydrochloric acid 
ultimately abstracts part of its iron. Sulphuretted hydrogen, and iron 
and zinc filings render it white, in consequence of the abstraction of part 
of its cyanogen. ‘The alkalis decompose it into soluble ferrocyanurets 
and protoxide of iron, hence, as a dyeing material it does not resist the 
action of soap... Boiled in water with peroxide of mercury, it forms bicy- 
anuret of mercury, and an insoluble compound of cyanuret and oxide of 
iron. According to Chevreul, Prussian blue becomes white in the direct 
rays of the sun, but regains its blue colour in the dark. It is occasionally 
used in the composition of writing fluids, and forms the basis of Mr. 
Stephens’s blue ink, in which it is said to be held in solution by oxalic 
acid. It is extremely hygrometric, and after having been well dried, 
speedily attracts moisture. When subjected to destructive distillation, it 
yields a little water and hydrocyanate of ammonia, and then carbonate 
of ammonia, and a black carburet of iron remains in the retort. 

Prussian blue is regarded as a compound of cyanogen and iron, but 


various views have been taken of its atomic constitution, according as it 


has been considered a cyanuret, or a hydrocyanate; that is, as containing 
or not containing elementary water. From the researches of Berzelius, 
it appears, if considered as anhydrous, or merely retaining adventitious 
water, to be constituted of 


Sesquicyanuret ofiron . . . 4 . . 268 . . 623 
Reparet OF LON in. ete eg Do sp hOR) «eu Te 
1 


ees ee 


‘ 430 100°0 


Or, of BGT re ie ae Pe ae Oe a ae 
Cyanogen . . « »« D9 « . 234 . o. Shed 
‘ 


_ 430 100°0 


The ultimate elements, therefore, of anhydrous Prussian blue, are 


Mea UE ict ae et ee PG oe BBG 
Carbon . ° ° Py) e r : 8 * ° 108 ° ° 251 
Nitrogen 7 et te ep Nein ct” ee 

] 


430 100-0: 


Assuming Prussian blue to be a compound of 4 atoms of sesqui- 
cyanuret of iron, and 3 of cyanuret of iron, we see why it is produced 
by the action of ferrocyanuret of potassium (consisting of cyanuret of 


potassium and eyanuret of iron) upon the salts of peroxide of iron: for 


an interchange of elements takes place between the cyanuret of potassium 
and peroxide of iron, by which potassa and sesquicyanuret of iron are 
formed. Let us suppose (to ayoid fractions) that 3 atoms of ferrocya- 
nuret of potassium (containing 6 atoms of cyanuret of potassium and 3 
of cyanuret of iron) act upon 4 atoms of peroxide of iron (containing 4 
atoms of iron and 6 of oxygen). In this case, the 6 of potassium (in the 
ferrocyanuret) combine with the 6 of oxygen (in the peroxide of iron) 
to form 6 atoms of potassa; and the 4 of iron (in the peroxide) unite to 


the 6 of cyanogen (in the cyanuret of potassium) to form 4 atoms of ses- 


quicyanuret of iron, which, by combining with the 3 of cyanuret of iron, 
3D2 
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(left by the ferrocyanuret of potas- 
sium,) form Prussian blue. The 
whole result will, perhaps, be more 
explicit in the annexed diagram, 


6 Potassa, 
ee’ 


6 6 
Potassium. Oxygen. 


Beseiee. Pancerpy Which shows that the iron of the 
Hoptesnien 3 . [or lnox. peroxide takes the place of the po- 
iene tassium of the ferrocyanuret. (The 
Pte Cua annexed numbers refer to atoms or 
raat eee equivalents, as will be evident from 


the foregoing tables of composition.) 

It will also be obvious that protoxide of iron cannot form Prussian 
blue, but that when it exchanges elements with ferrocyanuret of potas- 
sium, prolocyanuret of iron and not sesquicyanuret, must be the result. 
When, on the other hand, ferrosesquicyanuret of potassium is mixed 
with a protosalt of iron, potassa and cyanuret of iron are the new pro- 
ducts; the former unites with the acid previously in combination with 
the protoxide, and the cyanuret of 
iron is partly precipitated, and 
partly unites to the sesquicyanuret 
of iron contained in the ferrosesqui- 


6 Potassa. 
eS es 
6 6 
Potassium. Oxygen. 


2 FERRO- 6 : 
SESQUICY- Prorox. cyanuret of potassium, to form 
ANURET OF IDE OF A bd 5 e ° e 
Pak csicasly A sox. Det = Prussian blue: this will be evident 
quicyanuret 6 from the annexed diagram, refer- 
of Iron. Tron. 


ring at the same time to the above 
tables of the composition of Prus- 
sian blue, and of the ferrosesqui- 
cyanuret of potassium*. Liebig observes, in reference to the composition 
of Prussian blue, that it cannot be obtained anhydrous without decom- 
position, so that one is forced to consider it as a combination of hydro- 
ferrocyanic acid and sesquioxide of iron, in which the elements have not 


6 Cyanogen. 
—_—_—_—=—_———>, 


1 Prussian Blue. 
3 Protocyanuret of Iron. 


undergone reduction. 


Sotuste Prussian Buiuz.—It is often remarked, that under certain 
circumstances of precipitation, Prussian blue becomes apparently soluble 


* Mr. Graham describes the blue 
precipitate which falls on adding the 
ferrosesquicyanuret of potassium (and 
which, in the above diagram, is repre- 
sented as a mixture of cyanuret of iron 
and Prussian blue) under the name of 
ferricyanide of iron, or Turnbull's blue. 
“The same blue precipitate may,” he 
_adds, ‘‘be obtained by adding to a proto- 
salt of iron a mixture of yellow prussiate 
of potash, chloride of soda, and hydro- 
chloric acid. The tint of this blue is 
lighter and more delicate than that of 
Prussian blue. It is occasionally used 
by the calico-printer, who mixes it with 
permuriate of tin, and prints the mix- 
ture, which is ina great measure soluble, 
upon Turkey-red cloth, raising the blue 
colours afterwards by passing the cloth 
through a solution of chloride of lime 


containing an excess of lime. The chief _ 
object of that operation is indeed differ- 
ent, namely, to discharge the red and 
produce white patterns, where the acid ~ 
is printed upon the cloth; but it has 
also the effect incidentally of precipitat- 
ing the blue pigment and peroxide of tin 
together on the cloth, by neutralizing the 
acid of the permuriate of tin. This blue 
is believed to resist the action of alkalis 
longer than ordinary Prussian blue. Mr. 
R. C. Campbell observed that the ferri- 
cyanide of iron may be distinguished 
from Prussian blue by the circumstance, 
that when boiled in a solution of yellow 
prussiate of potash, it affords red prus- 
siate of potash, which dissolves, and a 
gray insoluble residue of ferrocyanide of 
iron and ferrocyanide of potassium. 
(LigBIa.)” 
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in water; this is especially the case when a persalt of iron is added to 
excess of a solution of ferrocyanuret of potassium. In this case, a com- 
pound is formed between the Prussian blue and the ferrocyanuret, soluble 
in pure water, but insoluble in saline solutions; accordingly, as soon as 
the salts are washed out of the precipitate, it begins to dissolve in the 
water. This compound, according to Berzelius (Ann. de Ch. et Ph., ui.), 
consists of ] atom of ferrocyanuret of potassium and 1 of Prussian blue. 


FERROCYANURET OF Porasstum AND Iron.—This name is given by 
Liebig to the bluish-white precipitate which falls when ferrocyanuret of 
potassium is added to a protosalt of iron. By the action of chlorine or 
nitric acid, 3 equivalents of potassium and ] of iron are abstracted from 
3 equivalents of the compound, and Prussian blue remains. 


PROTOSULPHOCYANURET OF IRon.—The sulphocyanic acid dissolves 
iron with the evolution of hydrogen, and a pale-green solution is obtained, 
which may be evaporated to dryness in vacuo, but deposits a yellow 
sediment on exposure to air. 


PERSULPHOCYANURET OF IRon.—This compound may be obtained in 
the form of a deliquescent uncrystallizalble mass, of a red colour, by dis- 
solving hydrated peroxide of iron in sulphocyanic acid, and carefully 
evaporating to dryness. When sulphocyanic acid is added to any soluble 
persalt of iron, it produces a very characteristic red tint, and thus applied, 
_is a delicate and useful test. 


Borvret or [ron.—<A compound of boron and iron results from the 
action of hydrogen at a red heat upon borate of iron. (Lassaigne.) Ac- 
cording to Arfwedson, the boracic acid is not susceptible of such decom- 
position. 


Protoporate or Iron is an insoluble powder, obtained by adding a 
solution of borate of soda to one of protosulphate of iron. 


PERBORATE OF [Ron is of a yellow colour, and insoluble. It is 
formed by adding borate of soda to persulphate of iron: it is vitrifiable at 
a high heat. 


Autoys oF Iron.—Jron and Potassium form a white soft alloy which 
effervesces in water. When a mixture of charcoal, iron-filings, and 
magnesia, is exposed to its fusing heat, the resulting globule contains 
traces of magnesium. With lime no analogous effect ensues. The alloy 
of zon and manganese is white, hard, and brittle, and sometimes by its 
presence confers peculiar characters on steel. A little iron in manganese 
renders it magnetic, and diminishes its tendency to oxidizement. 


CHARACTERS OF THE SALts OF IRon.—1. Protosalls. The salts of 
the protoxide of iron are of a green or bluish-green colour; they have an 
astringent and sometimes slightly sweet taste, but exert an acid reaction 
on moistened litmus; they are mostly soluble in water, and all soluble in 
dilute hydrochloric acid; their aqueous solution absorbs nitric oxide, 
yielding a dark olive or almost black liquid which rapidly absorbs oxygen. 
Ferrocyanuret of potassium (yeilow prussiate of potash) gives a white 
precipitate in those salts when they are perfectly free from protoxide, 
which becomes blue by exposure to air, or by the addition of nitric acid 
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or chlorine; but with ferrosesquicyanuret of potassium (red prussiate of 
potash) they immediately become deep blue. Infusion of galls, added to 
a weak solution of a pure protosalt of iron, does not produce discolora- 
tion, but on exposure to air, or on the addition of a drop or two of solution 
of ammonia, the liquid becomes purple. When the aqueous solutions of 
these salts are exposed to air, they deposit a yellow-brown powder which 
is often a subsalt of peroxide of iron, The double chloride of sodium 
and gold is an-extremely delicate test of the protosalts of iron. <A grain 
of protosulphate of iron, with an equal weight of carbonate of soda, dis- 
solved in four pints of water, produces a precipitate, gradually becoming 
purple on the addition of a drop of solution of chloride of gold: without 
the carbonate of soda, the effect did not appear in less than three days. 
(Frioinvs, Quart. Journ., xv. 382.) 

2. Persalts—The soluble salts of the peroxide of iron have an acid 
reaction, a very astringent and often acid taste, and a brown colour; those 
which are insoluble in water are soluble in hydrochloric acid; they give 
black precipitates with infusion of galls and blue with ferrocyanuret of 


potassium, but if the solution be very dilute, and oxalic acid or an oxalate | 


present, this test is ineffective, owing to the solubility of Prussian blue in 
oxalic acid, Some of these salts, and especially the perchloride and per- 
sulphate, are rendered of a peculiar blood-red colour, and furnish a red 
precipitate, when the solutions are concentrated, upon-the addition of 


sulphocyanic acid and the soluble sulphocyanates: a very similar discolo- 


ration is effected by the meconic acid and the soluble meconiates, and by 
tinctures of opium. The effects may, to a certain extent, be distinguished 
_ by the addition of a few drops of chloride of gold, which destroys the tint 
occasioned by sulphocyanic compounds, but produces little effect upon 
those of the meconic acid. The indigotic acid also renders the persalts of 
iron of a red colour. 

None of the metals precipitate iron in a metallic state, if we except 
zine and cadmium, which effect an imperfect precipitation, especially from 


some of its protosalts, in vessels excluded from the access of air. Before’ 


the blowpipe, peroxide of iron produces with microcosmic salt, or borax, 
in the exterior flame, a glass, which is blood-red while hot, but yellow 
when cold. The protoxide forms with these fluxes a green glass, which, 
by increasing the proportion of the oxide, passes through bottle-green to 
black, and is opaque. The glass from the peroxide becomes green in the 
interior flame, and is reduced to protoxide, and becomes attractable by the 
magnet. When placed on the wick of a candle, it burns with the crack- 
ling noise peculiar to iron. 


= 


Manuracture oF Iron anp Sreet.—It has already been stated that 
the nodular argillaceous carbonated iron-ore of the coal formation, is 
_ chiefly resorted to in this country as the source of the metal; the following 
is an outline of the process of reduction. (Arx1y’s Dictionary; Supple- 
ment to the Encyclopedia Britannica; Larpner’s Cyclopedia; Dumas, 
Chimie app. aux Arts.) 

The first process that the ore undergoes after it has been broken into 
small pieces, is roasting. This is performed as follows:—Upon an 
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oblong piece of firm and level ground is laida bed of small coal, from four. 
to eighteen inches thick; upon this is placed a stratum of ironstone, from 
eighteen inches to two feet thick, the upper surface of which is rendered 
more compact by filling up the interstices with smaller pieces. Upon this 
rests a layer of small coal not more than two inches thick, and on this, 
as a base, is reared a gradually-diminishing pile of ore; finally, the whole 
external surface receives a complete covering of small coal and coal-dust, 
The pile is kindled by applying burning coals to the lower stratum. The 
breadth of the pile at the bottom varies from ten to sixteen feet, the usual 
height is about five feet, and the length varies from thirty feet to sixty 
yards. When the coals are consumed, the pile gradually cools, and in 
eight or ten days may be wheeled away to the furnace. ‘The ore, if well 
roasted, will now be of a reddish-brown colour, of diminished specific 
gravity, and will have become magnetical; the sulphur, water, inflamma- 


ble matter, and carbonic acid, that it originally contained, will have been 


dissipated, and it is now ready to be smelted. ‘The smelting-furnace 
resembles externally a truncated quadrilateral pyramid of considerable 
height in proportion to its thickness; it is built of strong masonry, with 
contrivances to obviate the danger of its cracking by the expansion that 
takes place when it is heated. The interior of the furnace consists of the 
five following parts, reckoning from the bottom upwards, The hearth, 
composed of a single block of quartz-grit about two feet square: upon 
this is erected what in France and Germany is called the crucible, which 
is a four-sided cavity six feet six inches high, slightly enlarging upwards 
so as to be two feet six inches square at the top: the part above, called 
the boshes, is in the shape of a funnel or inyerted cone, eight feet in per- 
pendicular height, and twelve feet in diameter at the top; this terminates 
in the cavity of the furnace, which is of a conical figure, thirty feet high, 
and three feet diameter at the top; from this part it enlarges into a fun- 
nel-shaped chimney, about eight feet high, and sixteen in diameter at its 
mouth. About two feet above the hearth is a round aperture, called the 
Tuyere, or Tweer, made in one of the sides of the crucible to admit the. 
extremity of the blast-pipe, through which the air in a high state of com- 
pression is forced into the furnace, and at the bottom of the crucible is an 
aperture, through which the scorie and melted metal are from time to 
time discharged. A furnace of this construction, if it meets with no 


accident, may be kept in constant work for three years or more without 


requiring any repairs. The furnace is charged at the chimney, by regular 
intervals, with coke, iron-ore, and limestone, in the proportion of about 
four of the first, three and one-third of the second, and one of the third, 


by weight, care being taken so to regulate the frequency of the.cnarges, 


as that the furnace shall be always full nearly to the top of the great 
cavity. The density of the blast and the form of the discharging-pipe are 
ordered so that the chief focus of heat is about the bottom of the boshes; 
hence the ore has to descend about thirty-eight feet perpendicular, before 
it arrives at the place where the fusion is effected. This does not happen 
in less than forty-eight hours; so that the ore is all this time in a state of 
cementation at a high temperature, in contact with the burning fuel, and, 


in consequence, is almost saturated with carbon when it reaches the 


hottest part of the furnace. Being arrived at this place, the limestone 
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‘flux, and the earthy particles of the coke and ore, run down into a slag*; 
the iron is also melted, and more or less decarbonized, and in part oxi- 
dated by the blast, inversely, according to the proportion of fuel with 
which it is mixed. The fluid mass soon sinks down below the influence 
of the blast, and while it remains quiet at the bottom of the furnace, the 
globules of iron are precipitated from the slag, and occupy the lowest. — 
place, while the covering of scoriz thus interposed between the metal and 
that portion of the blast which is reflected downwards, prevents it from 
suffering any further loss of carbon. In proportion as the melted matter 
accumulates, the slag being the uppermost flows out at the aperture 
made for this purpose: the iron is let out at regular intervals, into fur- 
rows made in sand, where it forms what is called pig-zron ; or into a large 

reservoir, whence it is poured by means of ladles into yes forming all 
the various articles of cast-iron ware. 

The following are some of the circumstances in the smelting which 
influence the quality of the produce. Much depends on the fuel: if the 
coke is not perfectly made, but retains bitumen, the whole mass cakes in ~ 
the upper part of the furnace, and instead of descending regularly to the — 
focus of heat, falls down at irregular intervals, so that part of the metal 
is detained too long before the blast, and decarbonized and oxidated, — 
while other portions pass so rapidly through the furnace as never to be 
thoroughly reduced; hence the amount of the produce is diminished, and 
its quality deteriorated. Nor is it of less importance that the coke should 
be dry when put into the furnace. The proportion of fuel should also be— 
adapted to the richness of the ore, so that there may be sufficient both to 
keep up the necessary degree of heat, as well as to carbonize the metal: 
hence, as the charges of ore and fuel are always proportioned by measure, 
if an ore somewhat richer than usual happens accidentally to be employed 
without a corresponding addition of fuel, the produce, though somewhat 
increased in quantity, will be more than equivalently reduced in quality. 
Another circumstance that the manufacturer must carefully attend to, is 
the proper choice of ore with regard to fusibzlity; for, as it is not only 
requisite that the iron should be melted, but also highly carbonized, and 
as coke gives off its carbon more difficultly than charcoal, a very fusible 
ore would melt long before it arrived at the focus of the furnace, and — 
passing rapidly through, would reach the hearth without having had 
time to imbibe the proper quantity of carbon. Hence it is, that the rich ~ 
hematites, although they afford an excellent quality of iron when smelted 
with charcoal, produce nothing but white iron when treated in the coke- 
furnace; while, on the other hand, argiWaceous ironstone being much 
more refractory, does not melt till it comes into the very hottest part of — 
the furnace, and therefore has had full time to absorb the desirable quan- 
tity of carbon. 

Another thing to be attended to, is the proper regulation of the 
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* The slag chiefly consists of silica in | this compound even forms crystals re- 
combination with lime, alumina, magne- | sembling pyrovene. The production of 
siaand the protoxides of manganese and | artificial minerals by these processes, is a 
iron. According to Mitscherlich (dnn. | subject of extreme interest and import- 
de Ch. et Ph., xxiv.), it frequently con- ance, both in a geological and chemical 
sists of a bisilicate of lime and magnesia | view, and an excellent field for experl- 
with more or less protoxide' of iron: and | mental inquiry. 
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blast, and this depends upon its dryness, its temperature, its compres- 
sion, and its direction. The dryness and temperature appear to be 
principally governed by the season of the year. The drier and colder the 
air is, the greater will be its effect on the combustion; and it is found 
that the produce of iron during the summer months, is inferior in quan- 
tity and quality to that which is manufactured in the winter: a clear, dry, 
and severe frost is the most favourable period in every respect for the 
working of the furnace, and a change to snow or rain is followed by a 
corresponding deterioration. The higher the temperature of the blast 
when it is delivered into the furnace, the smaller will be the quantity of 
oxygen contained in every cubic foot, and, of course, the vigour of the 


combustion*. 


Nor is the force of the blast and its direction a subject of 


less importance; it 1s obvious, that in proportion as the charge descends, 


* Since this account of the manufac- 
ture of iron was written, an important 
change has been suggested in the intro- 
duction of the blast, in consequence of the 
discovery by Mr. Neilson, of Glasgow, of 
the saving of fuel and improvement in 
the iron, by sending a blast of hot, in- 
stead of -cold, air, into the furnace. A 
notice of this discovery is given by Dr. 
Clark (Edin. Phil. Trans., xiii.), of which 
the following is an abstract. The im- 
provement consists in heating the air in 
its passage from the blowing-machines 
to the furnace, and the following are 
the results of this system, obtained in 
the Clyde Iron- Works. 

During the first six months of 1829, 
when all the cast-iron in the Clyde Iron- 
‘Works was made by the cold blast, a ton 
of cast iron required for fuel to reduce it, 
8 tons 11 cwt. of coal, converted into coke. 
During the first six months of the follow- 
ing year, when the air was heated to near 
300° Fahr., one ton of cast-iron required 5 
tons 3} cwt. of coal, converted into coke. 
The saving amounts to 2 tons 18 cwt. on 
the making of one ton of cast-iron; but 
from that saving comes to be deducted 
the coals used in heating the air, which 
were nearly 8 cwt. The net saving thus 
was 25 tons of coal on a single ton of 
cast-iron. But during that year, 1830, 
the air was heated no higher than 300° 
Fahr. The great success, however, of 
those trials, encouraged the iron-masters 
to try the effect of a still higher tempe- 
rature. Nor were their expectations 
disappointed. ‘The saving of coal was 
greatly increased, so that, in 1831, Mr. 
Dixon, of Calder Iron- Works, attempted 
the substitution of raw coal for coke. 
The attempt was successful; and, since 
that period, the raw coal has been adopted 
in the majority of the Scotch iron-works. 


The temperature of the air under blast 
had now been raised so as to melt lead, 
and sometimes zinc, and therefore was 
above 600° Fahr., instead of being only 
300°, as in the year 1830. It became, in 
consequence, so much elevated in tem- 
perature as to require the adoption ofan 
old invention called the water-tweer, 
which consists in surrounding the tuyere 
with water. The water is kept continu- 
ally changing as it heats, by means of 
one pipe to admit the water cold, and an- 
other to let it escape when heated. 

During the first six months of the year 
1833, when all these changes had been 
fully brought into operation, one ton of 
cast-iron was made by means of 2 tons 
51 cwt. of coal, (not previously converted 
into-coke.) Adding to this, 8 cwt. of 
coal for heating, we have 2 tons 13} cwt. 
of coal required to make a ton of iron; 
whereas, in 1829, when the cold blast 
was in operation, 8 tons 1! cwt. of coal 
had to be used. This being almost ex- 
actly three times as much, we have, from 
the change of the cold blast to the hot, 
combined with the use of coal instead of 
coke, three times as much iron made from 
any given weight of splint coal. The effi- 
cacy of a given quantity of air, in the 
production of iron, is also greatly in- 
creased, and the requisite proportion of 
flux diminished. 3 

In regard to the cause of the above 
results, Dr. Clark observes, that it is 
necessary to discriminate between the 
quantity of fuel consumed, and the tem- 
perature produced. For instance, we 
may conceive a stove at the temperature 
of 500° and lead put into it to melt. 
Then, since the melting-point of lead is 
more than 100° higher, it is evident that 
whatever fuel might be consumed in 
keeping that stove at 500°, is consumed 
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the carbonaceous matter is continually diminishing; hence the proper 
situation for the focus of the blast is that part of the furnace, where, when 
the ore shall have arrived, it will be fully carbonized and surrounded 
with a sufficient quantity of fuel to excite an intense heat, and absorb 
nearly the whole of the oxygen of the air, and thus prevent it from either 
oxidating the iron, or carrying off the carbon with which it may be com- 
bined. This precise situation, in a furnace properly constructed, will be 
found to be just within'the expansion of the boshes; but as this is more 
than four feet above the tuyere hole, the blast must be delivered with 
great velocity, and in a direction somewhat slanting upwards, in order 
that it may be reflected by the opposite wall of the crucible, and arrive 
at its proper place without undergoing any material decomposition. When 
the blast enters too rapidly, and in too concentrated a state, it renders the 
line of its passage, before it is reflected, so cool, that the descending slag 
which comes within its influence is suddenly solidified, and blown into a 
tube, reaching, perhaps, half-way across the crucible, through which the 
blast continues to rush; and in consequence of this protection, is conveyed 
with greater precision, and in a less decomposed state, into the upper 
part of the furnace. If, after this, the compression of the air is somewhat 
diminished, the tube still remains firm, often for days together, and the 


furnace works in the best manner. 


to no purpose, In the manufacture of 
cast-iron likewise, a certain temperature 
is required to work the furnace favour- 
ably, and all the fuel consumed to pro- 
duce any lower degree of temperature, 
is consumed in vain. How the hot blast 
increases the temperature of a furnace, 
will appear on adverting to the relative 
weights of the solid and gaseous mate- 
rials used in the reduction of iron. As 
nearly as may be, a furnace, as wrought 
at Clyde Iron-Works, had two tons of 
solid materials an hour put in at the top, 
and this supply was continued for 23 
hours a-day ; one half-hour every morn- 
. ing and eyening, being consumed in let- 
ting off the iron. But the gaseous mate- 
rial—the hot air—what might be the 
weight of it? This can easily be ascer- 
tained thus: I find, by comparing the 
quantities of air consumed at Clyde and 
at Calder Iron- Works, that one furnace 
requires of hot air from 2500 to 3000 
cubical feet in a minute, I shall here 
assume 2807 cubical feet to be the quan- 
tity; a number that I adopt for the sake 
of simplicity, inasmuch as, calculated 
at an avoirdupois ounce and a quarter, 
which is the weight of a cubical foot of 


air at 50° Fahr., these feet correspond | 


precisely with 2 cwt. of air a minute, 
or six tons an hour. Two tons of solid 
material an hour, put in at the top of the 
furnave, can scarce hurtfully affect the 


But, on the other hand, when too 


temperature of the furnace, at least in 
the hottest part of it, which must be far 
down, and where the iron, besides being 
reduced to metal, is melted, and the slag 
too produced. When the fuel put in at 
the top is coal, I have no doubt that, be- 
fore it comes to this far-down part of the 
furnace, the place of its useful activity, 
the coal has been entirely coked ; so that, 
in regard to the fuel, the new process 
differs from the old more in appearance 
than reality. But if two tons of solid 
material an hour, put in at the top, are 
not likely to affect the temperature of the 
hottest part of the furnace, can we say 
the same of six tons of air an hour, forced 
in at the bottom near that hottest part? 
The air supplied is intended, no doubt, 
and answers to support the combustion ; 
but this beneficial effect is, in the case of 
the cold blast, incidentally counteracted 
by the cooling power of six tons of air an 
hour, or two cwt. a minute, which, when 
forced in at the ordinary temperature of 
the air, cannot be conceived otherwise 
than as a prodigious refrigeratory passing 
through the hottest part of the furnace, 
and repressing its temperature, The ex- 
pedient of previously heating the blast 
obviously removes this retrigeratory, 
leaving the air to act in promoting com- 
bustion, without robbing the combustion 
of any portion of the heat it produces. 
(See Dr, Clark’s paper.) 
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loose and soft a blast is admitted, and more , especially if it is charged 
with moisture, it is unable to reach the top of the crucible without being 
decomposed, and the reflection which it undergoes from the wall of the 
crucible, weakens and disperses it to such a degree, that the combustion 
which ought to take place within the boshes, now occupies the whole 
upper part of the crucible: in consequence of this, the tube of scoria is 
presently burnt away, the iron, almost as fast as it is melted, is ignited 
and oxidized, the tuyere-hole glows, like the sun, with an intensely vivid 
white light; the scoriz, from being yellowish-white streaked with blue, 
become green, brown, and finally black, nearly the whole of the iron in 
the state of oxide being taken up by it; the blocks of refractory gritstone, 
with which the lower part of the furnace ig lined, are worn into great 
holes, and in the space of a few hours prodigious damage is sustained. 
(Aikin’s Dictionary, Art. IRon.) 


Varieties of _[ron.—An extremely important part of the chemical 
history of iron relates to the varieties of the metal which are found in 
commerce. These are much too numerous to be dwelt upon here; so 
that we shall limit our observations to the principal of them only, which 
are cast-iron, wrought-iron, and steel. 


Casr-tron is essentially a subcarburet. There are two principal 
yarieties of it, distinguished by the terms white and gray. White cast- 
iron is very hard and brittle, and, when broken, of a radiated texture. 
Acids act upon it but slowly, and exhibit a texture composed of a con- 
geries of plates, aggregated in various positions. (DAniELL, Quarterly 
Journal of Science and Arts, vol. ii., p. 280.) Gray or mottled-iron is 
softer and less brittle: it may be bored and turned in the lathe. When 
immersed in dilute hydrochloric acid, it affords a large quantity of black 
insoluble matter, which Mr. Daniell considers as a triple compound of 
carbon, iron, and silictum, and which has some very singular properties. 
The texture of the eed resembles bundles of minute needles, This 
variety of iron is occasionally substituted for wrought-iron, from its 
toughness and comparative purity; it sometimes contains only 3 or 4 
per cent. of foreign matter. Beams, employed in building, and various 
parts of machinery which formerly were exclusively made of wrought- 
iron, are now cast. A curious operation is often performed upon small 
articles made of cast-iron, in order to convert them into malleable iron, 
which is termed decarbonizalion, and is sometimes practised upon steel: 
it consists in bedding the articles in powdered oxide of iron (hematite is 
generally used), and exposing them to a red heat: the carbon is thus 
abstracted from the cast-iron, and it becomes as flexible and malleable as 
wrought-iron. - 

The following are the analyses of three samples of the best gray cast- 
iron, from the furnaces of South Wales, by Gay Lussac. 


I. Il. Ii. 
Corben =. . RSD Brea SEG 
Silicium . . PEZO Ce 1:200 . . 8:000 
Phosphorus. 0°780 . . 0440 . . 0°492 
Manganese. atrace . . atrace . . a trace 
Hons. 85150. OH BIO. 8. OF BAD 


-100°000 100-000, «100000 
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In some foreign cast-iron the proportion of manganese is much more 
considerable, amounting to from 2 to 5 per cent. It will be obvious, by 
a reference to the composition of steel, that if the process of decarboniza- 
tion be not carried to its full extent, cast-iron may thus be converted into 
steel; and what is termed natural steel is in fact steel so obtained. 


W roveur-rron.—Cast-iron, after it has been to a certain extent 
refined, by fusion in a forge, in contact with charcoal, is in this country 
converted into wrought-iron by a curious process, called puddling. The 
cast-iron is put into a reverberatory furnace, and when in fusion is stirred, 
so that every part may be exposed to the air and flame. After a time 
the mass heaves, emits a blue flame, and gradually grows tough, and 
becomes less fusible, and at length pulverulent; the fire is then urged, so 
that the particles again agglutinate at a welding-heat, and are gradually 
wrought up into masses. In that state of intense heat the masses are 
passed successively between rollers, by which a large quantity of extra- 
neous matter is squeezed out, and the iron becomes malleable. The bars, 
into which it is formed, are cut into pieces, placed in parcels in a very 
hot reverberatory, and again hammered, or rolled out into bars. They 
are thus rendered more tough, flexible, and malleable, but much less 
fusible, and may be considered as nearly pure iron. 


Srery.—This extraordinary and valuable substance is a compound of 
iron with a small relative proportion of carbon*, which varies in the 
varieties of steel. Other substances are also occasionally present, which 
apparently modify some of its characters: traces of phosphorus, sulphur, 
and manganese, are not uncommon. It combines the fusibility of cast 
with the malleability of bar-iron, and when heated and suddenly cooled 
it becomes very hard, but may again be softened by the careful manage- 
ment of heat; hence its superiority for the manufacture of cutting instru- 
ments, and an almost infinite number of useful purposes in the arts. If 
kept for a long time in fusion it loses carbon, and becomes pure iron. 
Its texture, when examined by the action of an acid, is not fibrous, but 
Jamellated. 

Iron is converted into steel by a process called cementation, which 
consists in heating bars of the purest iron in contact with charcoal; it 


* The identity of charcoal and diamond 
above adverted to, receives additional 
proof by the conversion of iron into steel 
when that metal is ignited with diamond 
powder. Upon this subject some con- 
troversy will be found in the Phil. Mag., 
vol. v.; the experimentum crucis is, how- 
ever, due to Mr. Pepys, who availed him- 
self of Mr. Children’s Voltaic battery of 
large plates for the production of the 
requisite heat (Phil. Trans., 1815, p. 371): 
he bent a wire of pure soft iron so as to 
form an angle in the middle, in which 
part he divided it longitudinally by a 
fine saw; in the opening so formed he 
placed diamond-powder, securing it in 
its situation by two finer wires, laid above 
and below it, and kept from slifting by 


another small wire, bound firmly and. 


closely round them. All the wires were 
of pure soft iron, and the part containing 
the diamond-powder was enveloped by 
thin leaves of tale... Thus arranged, the 
apparatus was placed in the electrical 
circuit, where it was kept red-hot for six 
minutes: on opening the wire the dia- 
mond had disappeared, the interior sur- 
face of the iron had fused into numerous 
cavities, notwithstanding the very mode- 
rate heat to which it had been exposed, 
and all that part which had been in con- 
tact with the diamond was converted 
into perfect blistered-steel. A portion 
of it being heated red and plunged into 
water, became so hard as to resist the 
file and to scratch glass. 
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absorbs carbon and increases, according to Mushet, in weight*, at the 
That SAS NN Ey is vaporizable, and 
that it may enter into and combine with the iron in the form of vapour, 
appears probable from the experiments of Le Play and Laurent (Ann. de 
Ch. et Ph., uxy. 417); yet it is often doubtful how far any carbon is 
actually absorbed in the common process of steel-making, for we never 
find wrought-iron absolutely free from carbon, and often it seems rather 
to lose than gain it; perhaps therefore some more intimate union between 
the carbon and iron is effected by cementation, for it is scarcely possible 
that a mere change in the mechanical texture of the iron can give it the 
properties of steel, and Pepys’s experiment with iron and diamond, 
referred to in the note to the preceding paragraph, is in favour of actual 
carbonization. 

When blistered-steel is drawn down into smaller bars and beaten, it 
forms tilted-steel; and this broken up, heated, welded, and again drawn 
out into bars, forms shear-steel. English cast-steel is prepared by fusing 


plistered-steel with a flux composed of carbonaceous and vitrifiable 3 ingre- 


dients, casting it into ingots, and afterwards, by gentle heating and careful 
hammering, or rolling, giving it the form of bars. 

By comparing the analysis of blistered-steel with that of cast-steel, it 
would appear that in the intense heat to which the metal is necessarily 
subjected for its fusion it loses silicium and a little carbon; but the great 
superiority of cast-steel for many of the purposes of the arts, no doubt 
depends upon its comparative uniformity of composition. . The following 
are analyses of three samples of blistered-steel by Vauquelin, and four of 
cast-steel by Gay Lussac. 


Blistered-Steel. Cast-Steel. 
(ahs \ 
Carbon 0°'79| 0°68! 0°63 0°62| 0°65) 0O'65| 0-94 
Silicium . 0-15) 0°12] O-ll 0°03! 0:00] 0°04! 0°08 
Phosphorus. 0°34; 0°82! 1°52 0°03; 0:08} 0°07) O11 
Iron 98°72 | 98°38 | 97°74 || 99°32; 99°27 99°24 | 98°87 
100-00 |100:00 |100°00 ||100°00 |100°00 |100°00 100-00 


u 


It appears probable that the proportion of carbon in the above analyses 
must be somewhat underrated: the first column of Gay Lussac’s table 
gives the components of the best English cast-steel, and the two last that 
of French steel of first and second quality. My experience in the use of 
steel for the manufacture of dies for coinage has been very considerable, 
and the denomination of steel which we prefer for that purpose at the 


* The following table, drawn up by | Charcoal 
Mr. Mushet, shows the quantities of ager Resutts. 
charcoal which disappeared during the | 120 ~~~ soft cast-steel. 
conversion of iron into the different ae enter cast-steel. 
- subearburets of iron known in commerce. Woda the same, but harder. 
(Phil. Mag., xiii.) lao alk the same, too hard for draw- 
When the carbon amounts to 4 of z's ~~ ~ white cast-iron. [ing. 


i) 


- -- mottled cast-iron. 


the whole mass, the hardness is at a : 
- - black cast-iron. 


maximum. 
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Mint, approximates, as far as the few specimens which I have examined 


saab me to infer, to the composition given in the last column; at least, 
when the carbon has fallen short of 1 per cent. I have found it déficient 


in hardness, and when it has exceeded 1 per cent. the dies have split 


under the multiplying press, or if hardened, have not stood to their work 
in the coining presses. But the quality of steel is doubtless much 
influenced . by minute proportions of other bodies, and unless it contains 


a sensible quantity of phosphorus it cannot be depended upon for the 


manufacture of dies, though I have not been able to satisfy myself of the 
exact requisite relative pr Sportion: The trials to which steel is subjected, 
under the form of coining-dies, are extremely rigorous, and its mechanical 
as well as its chemical characters greatly influence its fitness for the 
purpose ; but it would occupy too much space here to enter into detail 
upon these matters, which are in a great measure foreign to our present 
subject. 


_ Woorz, or Inpian Sreet, which has, by some, been considered as 
superior to any other, for the purpose of making certain edge-tools, 
apparently derives its peculiar excellence from combination with a minute 
portion of aluminum and silicium. (Quart. Jour. of Science, vii. 288.) 
Whether these substances are in the ore, or are furnished by the crucible 
used in making the steel, is not certainly known. Wootz, in the state 
in which it is imported, is not fit to make into fine cutlery; it requires a 
second fusion, by which the whole mass is purified and equalized, and 
fitted for forming the finest edge-instruments. 


CAsE-HARDENING is an operation performed upon cast or wrought-iron, 
by which it is superficially converted into steel: the article is for this 
purpose either heated to redness in a crucible, or vessel containing char- 


coal powder; or sometimes, if small and delicate, is wrapped round with 


leather, and then gradually heated to redness, and kept in that state till 
its surface is duly carbonized. Ferrocyanuret of. potassium is also a 
valuable material as a case-hardener, and 1 in various operations connected 
with the management of steel. . 


Harpening AND TEMPERING Srept.—When steel is heated to a 


cherry-red colour, and then plunged into cold water, it becomes so 
extremely hard and brittle, as to be unfit for almost any practical pur- 
pose. To reduce it from its extreme hardness, is called by the workmen 
tempering, and is effected by again heating the steel to a certain point. 
The surface being a little brightened, exhibits, when heated, various 


colours, depending upon the formation of thin films of oxide, which. 


constantly change as the temperature is increased, and by these ‘colours 
it has been customary to judge of the temper of the steel. But a more 
accurate, as well as convenient method, is to'use a bath and thermome- 
er; the bath may be of mercury, or of the fusible mixture of lead, tin, 


and bismuth, or, indeed, of any fluid whose boiling-point is not much 


* That the colour produced on the | suffered to cool under mercury or oil, 
surface of heated steel is the effect of | none of the colours appear; nor do 


oxidation, is proved from the circum- | they when it is heated in hydrogen or 


stance that when steel is heated and | nitrogen. 
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under 600°. Into this bath the articles to be tempered are put, together 
with the bulb of a thermometer graduated to the boiling-point of mer- 
cury. The corresponding degrees at which the various colours appear 
are from 430° to 600°. The first change is at about 430°, but this is too 
faint to be distinguished, except by comparison with another piece of 


~untempered polished steel. At 460° the colour is straw, becoming 


deeper as the temperature is increased; at 500° the colour is brown ; this 
is followed by a red tinge with streaks of purple, then purple, and at 
nearly 600° it is blue. The degrees at which the respective colours are 
produced being thus known, it follows that the workman has only to heat 
the bath, with its contents, up to the required point. For example, 
suppose the blade of a penknife (or one hundred of them) to require tem- 


_ pering: they are suffered to remain in the bath until the mercury in the 


thermometer rises to 460°, and no longer, that being the heat at which 
the knife (supposing it to be made of the best English cast-steel) will be 
sufficiently tempered. The advantages attending this method are obvious; 
the heat is equally applied to the whole; and the workman, instead of 
attending to the colour of each blade, has only to observe the thermo- 
meter. 

It has been found that steel, for certain uses, is sufficiently tempered 
long before it is heated to produce any change of colour, a circumstance 
which gives additional value to the process by a thermometer. The 
knife-edges attached to a pendulum described by Capt. Kater (Phil. 
Trans., 1818, p. 38), were forged by Mr. Stodart, from a piece of fine 
wootz. They were carefully hardened, and tempered j in the bath at 430°; 
on trial they were found too soft. They were a second time hardened, 
and then heated to 212°. ‘The intention was to increase the heat Froid 
that point, trying the temper at the advance of about every ten degrees. 
In the present instance this was not necessary, the heat of boiling water 
proving to be the exact point at which the knife-edges were admirably tem- 
pered. It is highly probable that steel, for many uses, may be sufficiently 
tempered in a range so extensive as from 212° to 430°, and, by the ther- 
mometer, all the intervening degrees may be certainly ascertained. But 
it is not the temperature only, but also the time during which the steel 
is exposed to it, which influences its hardness or temper. 

What may be the changes effected in the molecular constitution of 
steel by the operation of hardening is an important, but a very difficult 
and undecided question; that they are considerable, there can be no 
doubt, but that they extend beyond mechanical arrangement, and affect 
chemical composition, according to the notions of Karsten, is a theory 
which requires much more satisfactory proof than it has hitherto received; 
nor are the changes which other substances undergo by a similar opera- 
tion in any way illustrative of or applicable to those of steel, the electro- 
magnetic properties of which are not less remarkable than the coarser 
mechanical changes which it sustains, and which are in all probability 
someway related to each other, and to the more abstruse causes of crystal- 
line peculiarities. There is certainly in many points an analogy between 
unannealed or suddenly cooled glass and tempered or hardened steel, 
and the extraordinary molecular and crystalline peculiarities of glass, 
when more correctly understood, may perhaps tend to throw some light 
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upon the more obscure subject of steel, but as yet this is not the case. 
It is, however, by no means uncommon to find the same unstable arrange- 
ment of particles and inequality of tension in a mass of hardened steel, as 
in a lump of glass which has solidified in cold water; from the surface 
to the interior, successive crusts or coats of variable texture and hardness 
present themselves. Sometimes a steel die, after it has been for some time 
hardened and apparently safe, will split with an audible report, and its 
fracture then exhibits a soft core covered by successive coats or layers, 
increasing in hardness from the centre towards the exterior. 
In addition to the difficulties arising out of the mass with which he 
has to deal, and the changes of texture, if not of composition, which it 
has necessarily been subjected to in the various operations of perfecting 
the impression from the punch in the press, the manufacturer of dies 
for medals or coinage has another obstacle to contend with, which is 
the necessity of keeping the face or work of the die perfectly clean and 
free from scales and oxidizement, so that it may not only be without any 
obvious blemish, but present that peculiar velvety hue which so much 
enhances the beauty of the subsequent impressions in gold, silver, or 
copper: to this end the charcoal in which the die is imbedded, when it 
is heated previous to hardening, must be carefully looked to; it should 


be animal charcoal, and cyanogen, if present, is rather favourable than 


otherwise to the ultimate result; moisture, air, potassium, sulphur, and 


other things sometimes present in charcoal, are injurious; and when the 


die is ata proper heat and ready to be plunged into the hardening cistern, 
or submitted to the sudden action of a gush of water, all contact of air 
with the face of the die must be scrupulously avoided. Protecting pastes 
are seldom of much use. 

The degree of hardness attainable by steel will depend upon the heat 


to which it had been raised, and the coldness of the water or other medium 
into which it is plunged; so that when very cold water cannot be pro-| 


cured, the die or other article must be heated proportionately high; a dull 
red heat into water at 34°,a cherry red into water at 50°, an orange heat 
into water at 80°, and a dull white heat into water at 100°, produce 
nearly the same effects; but the real hardness attained in water which is 
warm never equals that given by cold water: a red heat and water at 45° 
is the most desirable for die hardening; and although by subsequent 


tempering the die may, if necessary, be brought down, or softened, it is > 


always safest to give it, if possible, its due hardness by the first operation. 
The risk of injuring the face of a die by oxidizement or scaling, or of 
burning the die, as it is usually called, increases greatly with a high 
temperature, and this is another reason why, in this particular branch, a 
moderate heat and very cold water is greatly to be preferred to a higher 
heat and warmer water. The hardening of steel when in thin bars, or 
other regular form, and where extreme cleanliness of surface is dispensed 
with, is comparatively an easy and certain operation. , 


The aspect of steel when so broken as to exhibit a clean fracture, — 
varies from an uniform silky and even surface of an almost silvery white-_ 


ness, to a fine or even coarse-grained texture, of a more blue or iron-like 
aspect; the finer-grained varieties are generally preferred, but no very 


important or at least unerring conclusions respecting its quality can be 
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drawn either from texture or colour. The microscope, however, enables us 
to observe some remarkable peculiarities in steel, not only in its varying tex- 
ture as it comes from the manufacturer, but also before and after harden- 
ing. The fact of its diminution of density after hardening, or in other 
words, the increase of bulk which it then sustains, has long been known. 
Steel, of the specific gravity of 7-738, was found by Hawksbee to be thus 
reduced to 7°704. Brisson found the density of good English steel to be 
increased by hammering from 7:°833 to 7:'872. After hardening, the 
former had decreased to 7°816, and the latter to 7-818. Dr. Thomson 
found the density of good blistered-steel to be 7'823; when heated to 
redness and suddenly plunged into cold water its density was reduced to 
7747. The specific gravity of a piece of cast-steel he found = 77-8227; 


but when hardened only=7°7532. (Inorg. Chem., i. 497.) I have found 


even greater differences ; and, in fact, the higher the heat to which the 


steel is raised, and the colder the medium in which it is cooled, the 


greater will be the resulting difference of density; for it is probable that 
the increased bulk attained by the steel under the expansive influence of 


heat, is retained by the suddenly cooled mass, and hence the peculiar 


state of tension into which it must be thrown when it has ultimately 
cooled down to the temperature of the atmosphere; and, indeed, it is 
surprising that masses of steel, which have undergone the process of hard- 
ening, are not more brittle and uncertain than experience proves them 


- to be. 


The quality of steel is sometimes tested by washing over its clean 


surface with dilute nitric acid, which ought to produce an uniform gray 


or blackish colour: if the steel is imperfect, and contains veins or pins 
of iron, they become evident by their difference of colour. When some 
particular kinds of iron or steel are thus tested, a mottled appearance 
is produced, as if it were composed of layers or wires of iron and steel 
welded together: hence is supposed to arise the peculiar character of the 
celebrated Damascus sword-blades. 


Attoys or Strrt.—Attempts have been made to improve the quality 
of steel by alloying it with some other metals, but none of these combi- 


nations have been found, after due experience, to be superior to the best 


4 


ordinary steel. We shall again have occasion to notice them; but for 
details upon this subject, the reader is referred to the papers of Messrs. 
Stodart and Faraday, already quoted (Quart. Jour., ix. 319), and to the 
volume of Larpner’s Cyclopedia, treating on iron and steel. 


SEXO ZING, 


Zinc, or Spelier, as it is sometimes called in commerce, is found 
in the state of oxide and of sulphuret. The metal zinc ig first men- 
tioned by Paracelsus, but the use of its ores, in converting copper into 
brass, was probably known to the ancients. In China and India zinc 
is said to have been known from time immemorial, and various uten- 
sils of zinc, sometimes inlaid and ornamented with other metals, are’ 
common in those countries. Perfectly-pure zine is very difticultly 


- 


obtained; it may be procured in a state approaching to extreme purity 
_ by dissolving the purest kinds of zinc that occur in commerce in dilute 
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sulphuric acid, and immersing a plate of zinc for some hours in the solu- 
tion, which is then filtered, decomposed by carbonate of potassa, and 
the precipitate, after having been well edulcorated, heated with charcoal _ 
in an iron or earthen retort in a proper furnace. ‘The zinc being volatile : 
at a white-heat may thus be distilled over into water, care being taken 
that the neck of the retort is short and wide, otherwise it will be stopped 
up by the condensed metal. The common zine of commerce generally 4 
contains a portion of lead, copper, iron, cadmium, traces of arsenic, 
sulphur, and manganese, and a little plumbago ; these impurities chicin 
remain in the form of a black powder when it is dissolved in dilute sul- 
phuric acid, but the arsenic (and probably minute portions of some of 
the other metals) is carried off with the hydrogen. 

Zinc is a bluish-white metal, with considerable lustre, rather hard, of 
a specific gravity of about 6°8 in its usual state; but, when drawn into 
wire, or rolled into plates, its density is augmented to 7 or 7:2. Its 
specific heat is 0°09555. (Reanavtt.) It has a peculiar odour when 
breathed upon or handled with moist fingers. In its ordinary state, at 
common temperatures, it is tough, and with difficulty broken by blows 
of the hammer. It becomes very brittle when its temperature approaches 
that of fusion, which is about 773°; but at a temperature a little above 
212°, and between that and 300°, it becomes ductile and malleable, and 
may be rolled into thin leaves, and drawn into moderately fine wire, which, 
however, possesses but little tenacity. When a mass of zinc, which has 
been fused, is slowly cooled, its fracture exhibits a lamellar and prismatic __ 
crystalline texture. The equivalent of zinc is 32. (32-2 Gmeuin, 32:3 © 
Turner, 32°31 Granam,) a 

When a surface of clean and polished zinc, which may be made beau- 
tifully brilliant, is exposed to air and moisture at common temperatures, 
it soon tarnishes, and acquires a silvery-gray colour from superficial oxi- 
-dizement: it then remains for a long time unchanged. It has lately, in 
consequence of its lightness and cheapness, been much used for roofing, 
gutters, and chimney-tops; but it should not, as is sometimes the case, be 
rivetted with copper nails, the contact of which with the zinc accelerates 
the decay of the latter by electric action. 


Zinc and Oxycrn.—The high attraction which exists between zine 
and oxygen, is shown by the facility with which nearly all the other 
metallic oxides, when in solution, are reduced to the metallic state by its _ 
means. Its important electro-generative power in the Voltaic apparatus, 
is also referable to this cause. When zinc-filings are put into water, and — 
air carefully excluded, they suffer little change; but if air be admitted, — 
hydrogen is gradually evolved, and the metal becomes incrusted with a 
gray powder. ‘The same product is obtained by long exposure of zinc to 
moist air, or by exposing the metal to the joint action of heat and air at 
a temperature just sufficient to fuse it. Thisis probably a mere mixture 
of metallic zinc and oxide of zinc: by some it is regarded as a true sub- 
oxide (22N+0),,and a similar compound i is obtained, according to Dulong, 
by decomposing oxalate of zinc at a red heat in a retort. 


ProtToxipe or Zrne. (2N+0) or ZN.—This is the only salifiable 
oxide of zine: it is obtained hy intensely heating the metal exposed to air. 


: OXIDE OF ZING. ree 
At a high red-heat (941° Fanr.) its vapour takes fire, and air being 
freely admitted, burns with a very bright flame, and is converted into a 
white flocculent tasteless substance, formerly called nihil album, philoso- 
pher's wool, and flowers of zinc. When this combustion goes on with 
violence, the oxide, though in itself not volatile, is carried up in flocculi 
by the current of air, which are so light as to remain for along time 
floating about in the atmosphere. A piece of rolled zinc-leaf may also 
be inflamed by a spirit lamp, and will continue to burn brilliantly even 
when removed from the flame: if inflamed and plunged into a jar of 
oxygen gas, the combustion is as vivid as that of phosphorus; and indeed 
the splendour of the flame arises in both instances from the same cause, 
namely, the ignition of finely divided solid incombustible matter (see 
p. 224). The oxide of zinc, as prepared by combustion, generally con- 
tains small particles of the metal, which render it gritty, and require to 
be separated by washing; hence, for pharmaceutical use, it is best pre- 
pared by precipitating solution of sulphate of zinc by ammonia, and 
washing and drying the precipitate. It has been used asa pigment, both 
with oil and water; and is employed in medicine as a tonic, and as an - 


external application. It is sometimes made upon a large scale, and is 


then seldom pure, being tainted by oxide of iron and other substances: 
the whiter parts of such oxide used to be called pompholix, and the gray, 
or less pure portions, tutty; and a patent has lately been taken for the 
employment of these and other impure oxides of zinc, as a substitute for 
white-lead in the manufacture of common oil paint, it appearing that 
they are equally capable of combining with, or producing a body as it is 
termed, when ground with linseed or other drying oil. If it be removed 
in large flakes from the crucible in which it is forming, and carried into 
a dark room, they continue for some time luminous. 

Pure oxide of zine is perfectly white; at a high temperature it 
acquires a tint of yellow, but again whitens as it cools. It is readily 
soluble in the acids; it also dissolves in the caustic fixed alkalis, and in 
pure and carbonated ammonia. The strong ammoniacal solution becomes 
turbid when dilute, and deposits its oxide when boiled. The solutions 
in potassa and soda yield a white deliquescent mass on evaporation: 


_ these, however, can scarcely be called chemical combinations. When a 


solution of alumina in caustic potassa is mixed with an ammoniacal solu- 
tion of oxide of zinc, a definite combination of the earth and oxide is ~ 
thrown down, containing, according to Berzelius, 6 proportionals of alu- 
mina and 1 of oxide of zinc, and being identical in composition with the 
mineral called Gahnite. The solutions of zinc decomposed by the alkalis 
furnish bulky white precipitates, consisting of hydrated oxide; this loses 
water at a red heat, and is then of the same composition as the oxide 
obtained by the rapid combustion of the metal. Thenard has described 


a peroxide of zinc obtained by agitating the hydrated oxide with oxy- 


genated water: it is not a permanent compound, and forms no distinct 
salts with the acids. When zinc is subjected to the action of air and 
water, carbonic acid being excluded, it forms a hydrated oxide in acicular 
crystals, composed, according to Mitscherlich, of 3 atoms of zinc, 1 of 
oxygen, and | of water. 

Protoxide of zinc consists of 
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Protoxide of zinc 


It has been ascertained by A. de la Rive, that the energy with which 
zinc is acted on by dilute:sulphuric acid is greatly dependent upon the 
purity of the metal; that when perfectly pure the action is comparatively 
feeble, but that when it contains minute portions of other metals, not 
exceeding (in regard to iron) a 1 to 200th part, the action becomes rapid: 
this is apparently owing to galvanic causes; and when a piece of pure 
zine is wound round with platinum wire an equivalent effect is pro- 
duced. Dela Rive examined the action of dilute sulphuric acid, on 
pure zinc and on alloys of 9 parts of pure zine with 1 of the several 
metals which are usually found in it, with the following results:— 

Gas evolved in 

a given time. 
Zine of commerce, and alloy of zinc and iron . ; 100 
Alloy of zinc and copper. \)/. 6-72), “05 (ie ee 43 
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A mixture of 100 parts of water with from 33 to 50 of sulphuric acid is 
that which acts most intensely on the metal. 

Dumas observes that the commercial oxide of zinc is sometimes 
adulterated with starch, chalk, carbonate of magnesia, or alumina. 
Starch is detected by iodine; alumina may be separated by acetic acid, 
which dissolves the oxide of zinc; when the solution has been precipitated 
by a hydrosulphuret, lime and magnesia may be detected by the usual tests. 
In medicine, oxide of zinc is employed as a tonic, but by long continued 
use it acts asa slow poison. (Prreira, Mat. Med., 524.) 


CuLorIDE oF Zinc (22+C) is formed by heating leaf-zine in chlo- 
rine, or by evaporating a solution of zinc in hydrochloric acid to dryness, 
and heating the residue red-hot in a glass tube. It is also obtained by 
distilling a mixture of zinc-filings and corrosive sublimate, or a mixture 


of dried sulphate of zinc and chloride of sodium. It is a white semi- } 


transparent substance, fusible at about 212°, and volatile at a red heat. 


It has a nauseous styptic taste and is powerfully emetic. It is used in ~ 


surgery as acaustic; and in medicine, in very minute doses, as a tonic. It 
_ was formerly called butter of zinc. It is readily soluble in water, and 
the solution gives on evaporation a very difficultly erystallizable and 
extremely deliquescent salt, generally called muriate of zinc, and which, 
when heated in the open air, partly-sublimes in the form of chloride, and 
is partly resolved into hydrochloric acid and oxide of zinc, in consequence 
of the presence of water. Its concentrated solution deposits oxide of zine 
upon the addition of water, and the diluted solution dissolves the oxide 


when concentrated by evaporation. The solution of chloride of zinc is — 


always slightly acid, and the addition of ammonia does not render it 
neutral till all the oxide is precipitated. The attraction of zinc for chlo- 
rine is so great, that it is often employed for separating chlorine from 
other combinations. Chloride of zinc consists of — 
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CHLORATE oF Zinc (ZN+C’) crystallizes in octoédra, and is a very 
soluble salt. It is best obtained by dissolving carbonate of zine in 
chloric acid. When metallic zinc is digested in chloric acid, a portion 
of chloride of zinc is formed. (Vauqurnin, Ann. de Ch., xcy. 116.) 


IopipE oF Zinc. (/0-+-2?.)—Iodine and zinc exert a powerful mu- 
tual affinity: the iodide is easily obtained by adding iodine to zinc-filings 
in water and applying a gentle heat: the iodine is added till it begins to 

_ discolour the solution; in excess, it is dissolved by the iodide which is 
formed. On evaporating the solution to dryness in a retort, the remaining 
iodide of zinc may be fused, and at a higher temperature it rises in vapour 
and condenses in prismatic crystals. Heated in the open air, iodine goes 
off and oxide of zinc is formed: its aqueous solution is also decomposed 
by exposure to air with the separation of iodine and the formation of 
oxide. It consists of ed 
ay Lussac. 
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IopatE or Zinc. (Z4N-+2/.)—When a soluble iodate is added to a 
solution of sulphate of zinc, it forms a difficultly-soluble iodate of zine, 
which gradually falls in spherical grains. The salt may also be formed 
by dissolving recently precipitated oxide or carbonate of zinc in iodic 


acid. (Gay Lussac, Ann. de Ch., xci. 85.) 


Bromipe or Zine (22+ b) is formed either by passing bromine 
yapour over heated zinc; or by agitating a mixture of zinc, bromine, and 
water: a colourless solution results, which, when evaporated to a pellicle, 
crystallizes on cooling. Bromide of zinc has a sweetish astringent taste ; 
is very deliquescent; fuses at a red heat, and at a higher temperature 

- sublimes in white vapour: it is soluble in alcohol, ether, in acetic and 
_ hydrochloric acids, and in ammonia. (Dumas.) It consists of 
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Fivorwe or Zinc is very difficultly soluble: with fluoride of potas- 
sium it'forms a more soluble triple salt. (Brerzexius.) 


Nirrate or Zinc is a deliquescent salt, which crystallizes with diffi- 

culty in four-sided prisms terminated by four-sided pyramids. They are 

- copiously soluble in water and alcohol; when thrown upon glowing coals 
they are decomposed, and give to flame a bluish-green colour. The 
~ action of strong nitric acid upon zinc is so intense, as sometimes it is said 
to produce ignition; during the decomposition, nitrous and nitric oxide, | 
and ultimately nitrogen, are evolved, and some ammonia is formed. The 

erystals of nitrate of zinc contain about 36 per cent. of water; they are 


- therefore constituted of 


i, =a 


974 SULPHURE? OF ZINC. 


Oxide of zinc ~. . yal » CaO eT 
Nithie acid file, 8. es Oa ROR iors 
PS 


Water e s a e 54 e e 36°5 
Crystallized nitrate of zinc 1 - 148 100°0 4 


Sunrpuuret oF Zinc (Z2+8). exists native under the name of © 
Blende. It may be formed artificially by heating oxide of zine with — 
excess of sulphur, and is then of a yellow-brown colour. It is also pro- | 
duced by heating rapidly and suddenly a mixture of zinc-filings and sul- 
phuret of mercury: the mereury is revived, and intense action ensues — 
during the union of the zinc and sulphur. By passing the vapour of — 
sulphur over fused zinc, Mr. E. Davy obtained a white crystalline sub- 
stance resembling native phosphorescent blende. When a salt of zinc is 
precipitated by hydrosulphuret of potassa, a white compound is obtained, 
composed, according to Berzelius, of 72 oxide of zinc, 25 sulphuretted — 
hydrogen, 3 water. It is probably a monohydrated sulphuret of zinc. — 
Berthier formed a yellow crystalline sulphuret of zine by heating anhy- — 
drous sulphate of zinc -white-hot for an hour in a crucible lined with 
charcoal. It is observed by Dumas, that considering the strong affinity 
of zinc for oxygen and chlorine, its feeble affinity for sulphur is remarkable. 
Hydrogen and charcoal decompose blende at a white heat; in the former — 
case sulphuretted hydrogen, and in the latter, sulphuret of carbon is — 
formed, Sulphuret of zinc, native or artificial, consists of ; 
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OxysuLpHurer or Zinc.— When hydrogen is passed over sulphate of 
zinc ata high temperature, a pulverulent residue is obtained, composed of 1 — 
atom of oxide and 1 of sulphuret of zinc. Karsten analyzed some hexagonal — 
crystals which lined one of the zinc-furnaces at Freiburg, and found them | 
composed of 4 atoms of sulphuret and 1 atom of oxide of zinc. (Dumas.) — 

Native Sulphuret of Zinc. Blende occurs in crystals which are brittle, 
soft, and of different shades of brown and black. Its primitive form is — 
the rhomboidal dodecaédron. It usually contains traces of iron and — 
lead. It is an abundant mineral, and important as a source of the pure ~ 
metal, which is obtained by roasting the ore, and afterwards exposing — 
it to heat in proper distillatory vessels, mixed with charcoal. The English 
miners call it black jack. a 


Hyvosunpnire or Zinc (ZN-+ rz) was obtained long ago by Fourcroy, 
who considered it as a sulphuretted’sulphite: he formed it by digesting 
metallic zine in sulphurous acid, sulphuretted hydrogen is disengaged, 
and by gentle evaporation orystals are obtained, which are to be digested q 
in alcohol; this liquid dissolves the hyposulphite, and. affords it in pris: 7 
matic crystals. A mixture of oxide of zinc and sulphur treated by sul- 
phurous acid, affords the same salt; it is efflorescent, and easily decom- — 
posed by heat. (Fourcroy, Sy aps des Connotssances GHimiquen v. 380.) | 


SULPHITE oF ZINC (ZN +8)i is easily formed by dissolving the oxide y 
in sulphurous acid; it is more easily erystallizable and much less soluble 
in water than the hyposulphite, and is insoluble in alcohol. ay 
fe 
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Hyposutpuats or Zinc (ZN-+ §/) is obtained by adding a solution of 
_ hyposulphate of baryta to sulphate of zinc; it is very soluble, and diffi- 
__ cultly crystallizable. The crystals are composed of 
Heeren. 
o AO Ne 24 eae 
MpE cn ay Sa 4 4. het Tare 
64. «: 32°) 9s % 32°24 


—— ——EEEE Aiceeainchiiate 


166 100°0 100°00 


exe Ge BING. ne ea 
Hyposulphuric acid . . . 
AV Gtde Bred. OO Pe RA 


ww | 


Crystals of hyposulphate of zine 


Pe 


Sit eae 


Sunpuate or Zinc. (ZN-+8/.)—Zine is readily oxidized and dissolved 
by dilute sulphuric acid, and hydrogen gas is given off: the zinc decom- 
poses the water of the acid (according to Graham), that is, the sulphate of 
water; so that in fact an atom of zinc is substituted for an atom of 
hydrogen: thus we begin with (A+ 0)+($+30)+2N, and end with 
(zn+0)+(S+30)+h/. A transparent colourless solution of sulphate of 
zine results, which by evaporation affords crystals in the form of four-sided 
prisms, terminated by four-sided pyramids. ‘They have been described 
by Brooke (Ann. of Phil., N.S., vi. 437). This salt effloresces slightly in 
_ adry air; it is usually stated to be soluble in 2°5 parts of water at 60°; 
but, according to Dumas, at that temperature 100 parts of water dissolve 
140 of the salt: the very dense solution is used, he says, in hydrostatic 
lamps. When sulphate of zinc is heated, it fuses and gradually gives out 
its water of crystallization; at a red heat its acid begins to pass off, and 
at a very high temperature it is entirely decomposed, leaving oxide of 


zine, It consists, in its anhydrous state, of 
Tennant. Wenzel: 
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The ordinary crystals are constituted of 
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The crystals formed at a temperature exceeding 86°, contain 6 equi- 
valents of water, and are in the form of an oblique rhombic prism. (Murs- 
CHERLICH.) ‘When sulphuric acid is added to a concentrated solution of 

sulphate of zinc, a white pulverulent sulphate falls, containing 2 equiva- 
lents of water. (IXunn.) 

- The white vitriol, or sulphate of zine of commerce, is often obtained 
_ by the oxidizement of blende, and is therefore very impure; it generally 
7 contains a subsulphate of zinc, together with the sulphates of iron, copper, 
cadmium, alumina, and sometimes lead. 
. Native Sulphate of Zine occurs at Holywell in Flintshire, and in other 
i _ places where the sulphuret of zinc is found; it is probably the result of the 
decomposition of that ore, and is often contained in the waters of the 
mines. 
. TRIS-SULPHATE oF Zinc. (3ZN-+8/.)—When oxide of zinc is boiled 
in a solution of sulphate of zinc, or when the salt is partially decomposed 
__ by potassa, and the precipitate which falls boiled in water, a salt is formed 
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which crystallizes in opaque shining scales, composed, according to Vogel, 
of 3 atoms of oxide of zine and 1 of sulphuric acid. 


CARBONATE OF ZINC. 


AMMONIO-SULPHATE OF Zinc is obtained, according to Thomson, by 
mixing solutions of the two constituent salts in atomic proportions, and 
concentrating by evaporation. It crystallizes in- white rhomboids, which 
readily dissolve in water, and consist of 1 equivalent of each of the sul- 
phates, and 7 of water. Anhydrous sulphate of zinc greedily absorbs 
ammonia, 100 parts taking up 53°7 of the dry gas, and producing much 
heat. (H. Ros, Ann. de Ch. et Ph., uxii. 311.) 


SuLPHATE oF Zinc and Porassa forms flat rhomboidal crystals, per- 
manent in the air, and soluble _in 5 parts of water at 60°. (H. Sroxzs, 
Phil. Mag., 2nd series, ii. 428.) They consist of 1 equivalent of each of 
the sulphates and 7 of water. 


Pnosruvrer or Zinc is a brilliant lead-coloured compound, formed 
by distilling in a coated retort a mixture of 2 parts of zinc, and 1 of 
phosphorus. | 

Neither Hypophosphite nor Phosphite of Zinc have been examined. 


PHosPHATE oF Zinc is not crystallizable. It may be obtained by 
dissolving zinc in phosphoric acid, and evaporating to dryness. A phos- 
phate of zinc is also precipitated upon the addition of phosphate of soda 
to sulphate of zinc. These salts have not been precisely examined, butit 
is probable there is a subphosphate, a phosphate, and a biphosphate of 
zinc. According to Graham, the minute crystals which fall when dilute _ 
solutions of phosphate of soda (rhombic) and sulphate of zinc are mixed, 
are a phosphate of zinc with an atom and a half of water, or they may be 


represented by the formula, 2(22+0)+(h+0)+ 2(p+ 30)+ (A+ 0.) 


Carponate or Zinc (ZN+Ca?r’) may be formed by passing carbonic 
acid through water containing diffused hydrated oxide of zinc. The pre- 
cipitate formed by adding carbonate of potassa to sulphate of zinc, is, | 
according to Berzelius, a mixture of carbonate and hydrated oxide, analo- 
gous to the magnesia alba. Some of the varieties of calamine appear to 
consist of anhydrous carbonate of zinc. Specimens from Somersetshire 


and Derbyshire yielded 
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Calamine occurs both crystallized and massive; its primitive form is Be 
an obtuse rhomboid. It is often found investing carbonate of lime, which = 
has sometimes been decomposed, and the calamine remains in pseudo- 
crystals. It abounds in Somersetshire, Flintshire, and Derbyshire. A 2 
beautiful variety, coloured by carbonate of copper, is found at Matlock. | 


CYANURETS OF ZINC. 1h 


The variety of calamine, known by the name of electric calamine, from its 
property of becoming electrical when gently heated, consists of oxide of 


zinc in combination with silica. . 


Repuction or THE Ores or Z1nc.—The zinc of commerce is procured 
from the native sulphuret, and from calamine, by the following process. 
The ore is first picked and broken into small pieces, and then submitted 
to a dull red-heat in a reverberatory furnace, by which carbonic acid is 
driven off from the calamine, and sulphur from the blende. It is then 
washed, ground, and thoroughly mixed with about one-eighth its weight 
of powdered charcoal. This mixture is put into large earthen pots, not 
unlike oil-jars, six of which are usually placed in a circular furnace; each 
pot has an iron tube passing from its lower part, through the floor of the 
furnace, and dipping into water; they are everywhere else firmly luted: 
upon the application of a red-heat, the metal distils through the tube into 
the water beneath, whence it is collected, melted, and cast into cakes. 
The details of the process for the reduction of zinc will be found in Ure’s 
Dict. of Arts and Manufactures, and in Dumas’ Chim. app. aux Arts. 


Borate or Zinc is an insoluble white powder. 


Cyanvret or Zinc (22+ CY) forms an insoluble white powder, when 
solution of cyanuret of potassium is added to sulphate of zinc; or when 
hydrocyanic acid is added to acetate of zinc; it is insoluble in alcohol, but 
soluble in ammonia, and in dilute hydrochloric acid with the separation 
of hydrocyanic acid. It consists of 
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Cyanuret of zinc 1 . 58 100°0 
By destructive distillation in a retort, it leaves a black carburet of zine. 


FERROCYANURET OF Zinc is thrown down in the form of a white 
gelatinous precipitate, when hydroferrocyanic acid is added to a soluble 
zinc-salt. 

ZINCOCYANURET OF Potasstum.—When cyanuret of zinc is dissolved 
in a solution of cyanuret of potassium, filtered, and evaporated, large 
octoédral crystals are obtained, anhydrous, decrepitating when heated, and 
then fusing into a transparent colourless liquid. (. Guertin.) 


FERROCYANURET OF Zinc AND Potasstum.—When a solution of ferro- 


cyanuret of potasstum is added to a zinc-salt, the white precipitate which 


falls is not a ferrocyanuret of zinc, but a double ferrocyanuret. It is 


_ represented by the formula (3 270+ pote f écy). When dried in the air 


it retains 12 atoms of water. (MosanpER.) 


Autoys or Zinc.—With potassium and sodium, zinc forms brittle 
alloys, decomposable by exposure to air and water. Its alloy with man- 
ganese is unknown. With tron it yields a white and somewhat malleable 
alloy, which is difficult to form; but if plates of hot iron be dipped into 
melted zinc, they acquire the appearance of tin-plate, for which they are 
a most valuable substitute, inasmuch as the zinced iron is prevented from 
oxidizement and rusting by the electrical relations of the metals: the zinc 
it is true is more subject to oxidizement, but so long as any of it remains 
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the iron is protected; and, when covered by a coat of paint, is extremely 
durable. Hurdles, fences, and all out of door iron-work, as well as locks, 
bolts, hinges, and other implements used in damp situations, and all iron- 
work employed in the contact of water, may be thus defended. It is to 
be regretted that the patent obtained some years ago for this manufacture 
has never been brought int active operation. 


CHARACTERS OF THE Satts oF ZiNc.—They are mostly soluble in water, 
and the solutions are colourless, and have a peculiarly unpleasant astrin- 
gent and metallic taste: they are not precipitated by iodide of potassium. 
Potassa, soda, and ammonia, form white precipitates, soluble in excess of 
the alkali, and in dilute sulphuric acid. In this case the precipitate is 
distinguished from alumina by its solubility in excess of ammonia. The 
precipitate formed in solutions of zinc by the carbonates of potassa and 
soda is not soluble in excess of those carbonates, but when carbonate of 
ammonia is used the precipitate is again dissolved. Sulphuretted hydro- 
gen throws down a white hydrated sulphuret of zine in perfectly neutral 
solutions, but not in those which are acid or alkaline. Hydrosulphuret 
of ammonia produces a white or yellowish-white precipitate. The soluble | 
phosphates, carbonates, and borates, produce white precipitates soluble in 
acids and alkalis. Infusion of galls occasions no precipitate. The salts 
which are insoluble in water dissolve in dilute sulphuric acid, and are 
precipitated by ammonia, but generally dissolve in excess of acid or of 
precipitant. Metallic zinc is not thrown down from its solutions, by any 
of the other metals. : 

Before the blowpipe oxide of zinc becomes yellow when heated, but 
whitens as it cools. A small proportion forms with microcosmie salt and 
with borax a clear glass, which becomes opaque on increasing the quantity 
of oxide. A drop of nitrate of cobalt being added to the oxide, and dried 
and ignited, it becomes green. With soda, in the interior flame oxide of 
zine is reduced, and the metal burns with its characteristic flame, deposit- 
ing its oxide upon the charcoal. By this process zinc may be easily 
detected, even in the automalite. Mixed with oxide of copper, and — 
reduced, the zinc will be fixed, and brass obtained. But one of the mest 

unequivocal characters of the oxide of zinc is, to dissolve it in acetic acid, 
evaporate the solution to dryness, and expose it to the flame of a lamp, 
when the metal is reduced and burns with its peculiar flame. 


Siebse TN ; 


Tin (Jupiter 2/ of the alchemists) has been known from the remotest 
ages. It was in common use in the time of Moses, and was obtained at 
a very early period from Spain and Britain by the Phoenicians. (Puiny, 
lib. iv. cap. 34, and xxxiv. cap. 47.) It occurs most abundantly in Corn- 
wall; and is also found in Germany, Bohemia, and Hungary, in Europe; 
in Chili and Mexico; in the Peninsula of Malacca; and in India, in the 
Island of Banca. A little tin has also been found at Fahlun and Utd, 
in Sweden. Several varieties of tin occur in commerce, respecting which 
Vauquelin has given an useful essay. (Ann. de Ch., uxxvii.) The native | 
oxide is the principal ore of din: the metal is obtained by heating it to 
redness with charcoal or-culm, and a little lime; the first product is 
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impure and ig returned into the furnace, and carefully heated so as to fuse 
the tin, which runs off into an iron kettle, while the principal impurities 
remain unmelted; in the kettle the tin is kept in fusion, stirred, and agi- 
tated by plunging wet charcoal into it, by which a quantity of impurities 
collect upon the surface, and are removed bya skimmer; thus refined, the 
metal is cast into blocks of about 3 cwt. each. The common ores are 
known under the name of mine-tin, and furnish a less pure metal than 
that obtained from stream-tin. The ordinary processes of reduction are 
described at length in Aikin’s Dictionary (Art. Tix); by M. Bonnarp | 
(Journ. des Mines, xiv.); and by Mr. Taytor, in the 5th volume of the 
Geological Transactions. The purest kind of tin is known in commerce 
under the name of grain tin, a term formerly applied exclusively to the 
metal obtained from the stream-ore: 6block-tin is less pure, and is the 
produce of the common ore of the veins. The peculiar columnar fracture 
which pure or grain tin exhibits when broken, is given it by heating the 
mass till it becomes brittle, and then letting it fall upon a hard pave- 
ment from a height. 

Tin has a silvery-white colour with a slight tint of yellow, and when so 
viewed as to exclude the white light reflected from its surface, it is decidedly 
yellow; itis malleable, though sparingly ductile. Common tin-foil, which 
is obtained by beating out the metal, is not more than 1-1000th of an inch in 
thickness, and what is termed while Dutch metal is in much thinner leaves. 

Its specific gravity fluctuates from 7:28 to 7°6, the lightest being the 
purest metal. Its specific heat is 0°05623. (Reanaurt.) When bent it 
occasions a peculiar crackling noise, arising from the destruction of cohe- 
sion among its particles, and hence the brittleness and want of tenacity 
of tin-wire. When a bar of tin is rapidly bent backwards and forwards 
several times successively, it becomes so hot that it cannot be held in the 
hand. When rubbed it exhales a peculiar odour. It melts at 442°, and, 


by exposure to heat and air, is gradually converted into protoxide; but if 


the heat be continued till metallic tin no longer remains, the protoxide 
passes into peroxide. Placed upon ignited charcoal, under a current of 
oxygen gas, it enters into rapid combustion, forming the peroxide; and 
if an intensely-heated globule of the metal be thrown upon a sheet of 
dark-coloured paper, it subdivides into small particles, which burn very 
brilliantly, and leave lines of white oxide. It volatilizes at a very high 
temperature. When a polished surface of tin is heated it becomes yellow 
and iridescent, in consequence of superficial oxidizement. 

A preparation, under the name of powdered tin, is sometimes directed 
to be made for pharmaceutical use, by shaking the melted metal ina 
wooden box rubbed with chalk on the inside: tin-filings have also a place 
in some Pharmacopeie, and have been used as a vermifuge. These pre- 
parations are, however, both dangerous, the metal being rendered poisonous 
in the former case by slight oxidation, (Orriua, T'raiié des Poisons, tom. i. 
2me partie, p.18,) and often creating very dangerous irritation when 
given in filings, ‘The equivalent of tin may be assumed as 58. (57-9 
Turner, 59 Guetin, 58°92 Granam.) Its symbol is Std or Sn. 


Proroxipe or Tin. Srannovs Oxipe. (S€@+0) or Sra, is obtained 
by precipitating a solution of protochloride of tin by ammonia; it falls in 


780 see OXIDES OF TIN. 


the state of hydrate; when dried, out of the contact of air, it is ofa Wen : 
colour, and undecomposable Aloite by heat. According to Cassola, prot- 
oxide of tin is formed by pouring nitric acid diluted with ten times its. 
volume of water upon tin filings, and leaving them in contact 48 hours. 
When protochloride of tin is decomposed by a carbonated alkali, and the 
precipitate carefully dried at a temperature below 212°, it is also a 
hydrated protoxide, retaining no trace of carbonic acid. 

Anhydrous pr otoxide of tin is best obtained by heating the hydrate to 
redness in a retort filled with carbonic acid; or by heating it in a glass- 
tube, and passing a current of dry carbonic acid over it till the water is 
carried off, and suffering it to cool out of the contact of air. The specific 
gravity of this oxide is 66. It is in the form ofa black powder, which 
burns like tinder, on the contact of a red-hot wire, into peroxide. In the 
hydrated state it dissolves very readily in sulphuric, hydrochloric, and 
dilute nitric acids, and in_caustic potassa and soda, but not in ammonia, 
nor in the alkaline carbonates. Its alkaline solution, when long kept, 
deposits metallic tin in arborescent crystals, and becomes a solution of the 
peroxide. The presence of protoxide of tin in solution is announced by 
its action on chloride of gold, with which it forms a purple Precip tate, 


Protoxide of tin consists of 
Berzelius. _ Proust. Gay Lussac. 
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SEesquiox1pE oF Tin. Dervroxipe or Tin. (St@+1:0.)—When a 
saturated neutral solution of peroxide of tin in hydrochloric acid is mixed 
with moist hydrated peroxide of iron, an interchange of elements Lane 
place, by which chloride of iron and sesquioxide of tin are formed: 
solubility in ammonia distinguishes it from protoxide; and its vivian a 
purple precipitate with chloride of gold, from peroxide. 


Peroxipe or Try. Srannic Oxipe, (S€@+20) or Sra’, is formed 
by treating the metal with nitric acid. In its most concentrated form the 
acid does not immediately act, but on the addition of a few drops of water 
violent effervescence ensues, much heat is evolved, together with nitric. 
oxide and nitrous acid vapour, some nitrate of ammonia is also formed, 
and the peroxide of tin remains in the form of a white insoluble powder ; 
it may be purified by washing it with boiling distilled water, and may then 
be dried at a dull red-heat. Peroxide of tin is also formed by projecting 
a sufficient quantity of nitre upon red-hot tin. Fused with glass, it forms 
white enamel; but alone, it is extremely infusible, and when it has been 
heated it is insoluble in acids. The substance called Tin putly, is an 
oxide of tin, formed by levigating the crusts of oxide that form upon the 
metal when kept for some time in fusion. Itis probably a mixture of the 
protoxide and peroxide. ; 

When a solution of bichloride of tin is decomposed by ammonia, or 
by an alkaline carbonate, a bulky gelatinous precipitate falls, which, 
when washed and carefully dried, resembles gum: it is a hydrated eo 
oxide, and retains ] atom of water. In this state it is soluble in the 
acids; dilute hydrochloric acid dissolves it abundantly; but if it be 
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boiled-in water, and then again collected and dried, it is no longer per- 
fectly soluble in hydrochloric acid, but forms with it a subsalt; on pouring 
off the excess of acid the residue may be dissolved in water, but when 
_ hydrochloric acid is added it is again thrown down. These peculiarities 
have been referred to changes in its state of hydration. If the hydrated 
peroxide obtained by the action of nitric acid on tin be heated to redness, 
it becomes insoluble in the acids unless previously ignited with potassa, 
or soda. The compounds of peroxide of tin with bases have sometimes 
been called stannates. This oxide consists of 
. John Davy. Proust. Gay Lussac. 
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Native Peroxide of Tin is generally gray, brown, or black, and some- 
times transparent or translucent. The specific gravity of the native oxide 
is 7: its primitive crystal is an obtuse octoédron, of which the modifica- 
tions, are extremely numerous. (W. Puruuiprs,. Geol. Trans., ii.) In 
some of the valleys of Cornwall, tin is found in rounded nodules, of 
various sizes, mixed with pebbles and rounded fragments of rocks. To 
separate the tin from the alluvial matter, currents of water are passed 
over it, and hence these deposits have been called stream-works, and the 
tin ore, stream-tin. One of the most extensive of these is a branch of 
Falmouth Harbour. A modification of stream-tin is called wood tin. It 

usually appears in small banded fragments of globular masses. ‘The 
native peroxide of tin is insoluble in the acids, but if it be fused with 
potassa, the resulting stannate of potassa is soluble in water, and from it 
the soluble hydrated peroxide may be thrown down by the acids. The 
following are analyses of native oxide of tin from several localities 


(Dumas) ae Cornwall. Bohemia. Mexico. Finbo. Wood tin. 
Peroxide of tin ;+. 99:00 >. 995 -.. 950 «= .938°6 «5: 91s 
Oxide ofiron. . . O25... O25. Se 14... 9 
Oxide of manganese 000. 00... oo . 08. 0 
PuCaa rate 0-75. Ts 00 -. Oo. 0 
Oxide of columbium 000. CO OO 32% Oo. 2°4 0 
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100°00 109°0 100°0 98°2 100 


Prorocutorive or Tin. ($t@+¢.)—Anhydrous protochloride of tin 
is obtained by subjecting a mixture of equal weights of protochloride of 
mercury and of an amalgam of tin and mercury to distillation, in a retort 
gradually raised to a dull red-heat; or a mixture of 1 part of tin-filings and 
5 of bichloride of mercury may be treated in the same way. When hydro- 
chloric acid gas is passed over heated tin in a glass tube, the protochlo- 
ride is also formed, and hydrogen gas is given off. When tin is dissolved 
in hydrochloric acid, the solution evaporated, and the dry residue care- 
fully heated to incipient redness in a small tube retort so as to exclude 
the action of air, the protochloride of tin remains nearly pure. It is in 
the form of a gray solid, of a resinous lustre, fusible and volatile at a 

high heat. When its solution in a small quantity of water is evaporated, 
it yields either acicular or prismatic crystals, which include 3 atoms of 
water, and of which the greater part may be expelled at 212°. . When 
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a large quantity of water.is poured upon these crystals they are partly 


decomposed, hydrochloric acid is separated and a white powder is formed, 
which is an owichloride of tin, its components being 1 atom of protoxide, 
1 of protochloride, and 2 of water. (Burzettus.) The protochloride of 
tin, or salt of tin of commerce, is made by putting 1 part of granulated tin 
into a jar or deep basin upon a sand-heat, and pouring upon it 1 part 
of hydrochloric acid, so that it may be exposed to the joint action of the 
acid and air; after some hours 3 parts more of the acid are added, and 
the mixture stirred and digested till a saturated solution is obtained. 
During the process a very fetid hydrogen gas is given off, and the 
greater part of the tin is dissolved; when the clear liquor is poured off 
it is set aside to crystallize; the mother-liquors are again evaporated as 
long as they afford crystals, and the residue is afterwards employed for 
conversion into bichloride. 

In consequence of the decomposition above mentioned, the aqueous 
solution of protochloride of tin is always turbid, but becomes clear on the 
addition of hydrochloric acid. This acid solution quickly absorbs oxygen, 
and if added to certain metallic solutions, revives or deoxidizes them. 
It decomposes and precipitates sulphur from sulphurous acid. It reduces 
the persalts of iron to protosalts, and converts arsenic acid into arsenious 
acid, and chromic acid into oxide of chrome. With avery weak solution 
of corrosive sublimate it forms a gray precipitate of metallic mercury. 
Added to a dilute solution of chloride of platinum it changes its colour 
to a deep blood-red. With solution of gold it produces a purple precipi- 
tate used in painting porcelain, and known under the name of Purple of 
Cassius. With infusion of cochineal it produces a purple precipitate; 
and it is much used to fix and change colours in the art of dyeing and 
calico-printing. The greater number of vegetable infusions are precipi- 
tated by it, in consequence of the insoluble compounds which it forms 
with the varieties of extractive matter. (On the preparation of this salt 
see Brrarp, Ann. de Chim., uxviii. 78; and Cuauprr, Ann. de Ch. et 
Ph., iii. 276.) — Protochloride of tin consists of Dae 
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Protochloride of tin 


AmmMonto-ProtocHLorIpE oF Trvr.—When protochloride of tin and 
hydrochlorate of ammonia are mixed, they form a double salt which 


-erystallizes in the anhydrous state and also with 3 equivalents of water. ~_ 


The anhydrous protochloride of tin also absorbs ammonia, 2 equivalents 
of the former combining with 1 of the latter. With chloride of potas- 
sium the protochloride of tin also forms a definite double-salt. (Apsonn, 
Prrsoz. ) 

Percuioripz or Tin. (St@+2C.)—If tin be heated in excess of 
chlorine, or if amalgam of tin be distilled with excess of bichloride of 
mercury, a perchloride is obtained. The best proportions are 6 parts of 
tin, previously combined with 1 of mercury, and intimately mixed with 
30 of the bichloride of mercury. The mixture is put into a glass retort 
with a sufficiently capacious receiver luted to it, and may be distilled 
over a small charcoal fires The heat should be slowly raised, to prevent 


ee 
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too sudden action. Towards the end of the process a little of the proto- 


chloride rises, which the old chemists, from its consistency and appear- 
ance, called Butter of Tin. Perchloride of tin may also be procured by 
distilling 8 ounces of finely-powdered tin with 24 of bichloride of mercury, 
or by passing chlorine over the protochloride of tin. It is a transparent 
colourless fluid, formerly called Libavius's Fuming Liquor: it exhales 
copious fumes when exposed to a moist air, and with one-third its’ 
weight of water it forms a crystallized hydrate. Its boiling- -point is 250°; 
and, according to Dumas, the density of its vapour is 9°19. It is instantly 
Deo vcied by metallic zinc, forming chloride of zinc and a precipitate 
of metallic tin. 
A solution of perchloride of tin much used by dyers is made by 
dissolving tin in a mixture of 2 measures of hydrochloric acid, 1 of 
nitric acid, and 1 of water; or by exposing the protochloride to a gentle 
heat with a small addition of nitric acid. The dyers also prepare this 
solution by digesting tin-filings in single aquafortis, (nitric acid, sp. gr. 
1°3,) to each pound of which, they add about 2 ounces of common salt or 
of sal-ammoniac: this compound acid takes up about one-eighth its 
weight of tin. These solutions are generally known under the names of 
nitromuriate or oxymuriate of tin. Bichloride of tin consists of 


J. Davy. 
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Bichloride of tin 130 100°0 100°0 


AMMONIO-BICHLORIDE oF Trx.—Ammonia is absorbed by anhydrous 
bichloride of tin; the compound forms a white powder which may be 
sublimed without decomposition, and is soluble in water: it is represented 
by the formula (St@+2¢C)+ (n+3h), (Rosz.) Perchloride of tin and 
hydrochlorate of ammonia also combine in single atomic proportions and. 
form a salt which crystallizes in octoédra, permanent in the air, and very 
soluble in water; their solution reddens litmus and becomes turbid when 
boiled; it converts the red of cochineal to a bright scarlet, (Apsonn.) 


Porassto-BrcuLoripE oF Tin.—When solutions of chloride of potas- 
sium and bichloride of tin are mixed in single atomic proportions and 
evaporated, anhydrous octoédral crystals are obtained, the formula of 


which is (S@+2C)+(po+c). 


Protiopipe or Tix. (St@+2).—When equivalent proportions of 
solutions of iodide of potassium and protochloride of tin are mixed, a 
crystalline deposit of-protiodide of tin ensues, of an orange-red colour, and 
sparingly soluble in cold water. When dissolved in boiling water, it is 
deposited on cooling in brilliant acicular groups. Exposed to air, this 
compound slightly deliquesces and forms peroxide of tin and hydriodie 
acid. It forms double salts with certain basic iodides, and in thus com~ 
bining with the iodides of potassium, sodium, calcium, barium, and stron- 
tium, 2 atoms of the protiodide of tin unite to 1 of the basic iodide: but 
with hydriodate of ammonia it combines in single atomic proportions. 
(Bouttay, Ann, de Ch. et Ph., xxxiy, 372.) The protiodide of tin is 
composed of 
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_ Boullay. 
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Protiodide of tin 1 184 100°0 100°00 


Pertopiwe or Tin (St@+21) is prepared by dissolving in hydriodic 
acid the hydrate of the peroxide precipitated by alkalis from the bichlor- 
ide. It crystallizes in yellow crystals of a silky lustre, which are resolved 
by boiling water into hydriodic acid and peroxide of tin. (TuRNER.) 

Periodide of tin is also formed by passing the vapour of iodine over 
heated tin: it then forms a yellow fusible substance. When iodine, tin- 
filings, and water are mixed together, peroxide of tin and hydriodie acid 
are formed. Periodide of tin consists of 
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Periodide of tin 1 310 100°0 
TopATE oF Tin has not been examined. — 


Protosromipe or Tin (St@+0) is formed by dissolving tin in 
hydrobromic acid and evaporating to dryness. It resembles the protochlo- 
ride of tin, and consists of : 

Tin 
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Protobromide of tin 136 100°0 


PreRBROMIDE oF Tin. (StQ@+2 b.)—Metallic tin and bromine act 
energetically on each other: the metal burns, and a white crystallized 
compound is obtained, readily fusible and volatile, yielding slight vapours 
in moist air, and dissolving in water. It consists of 
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Perbromide of tin 1 oy 214 100°0 
BrRoMATE oF Tin has not been examined. 
-Fiuorive or Try is a soluble and crystallizable compound. 


ProronirRate of Trix may be formed by acting upon the metal by 
dilute nitric acid, or by dissolving the hydrated protoxide in dilute nitric 
acid; a yellow solution, which will not crystallize, is obtained ; exposed 
to air it absorbs oxygen, and peroxide of tin precipitates, or according to 
Dumas, a hydrate of the protoxide. If evaporated, the oxide falls, and a 
portion of nitrate of ammonia remains. During the action of the dilute 
acid upon the tin no gas is evolved; it is therefore evident that water, as 
well as part of the acid, are here decomposed, and that the results may 
be thus represented:— . 

Atoms employed. Pee Atoms obtained. 


: 8 nitrate of pro- But 
16 Nitricagida 10 nitrogen 48 oxygen 


3 Waterasselen eae ee 1 nitrate of am- I-{ soxigen 


3 hydrogen . . 5 oxygen 
: = mona 3 hydrogen - 
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Protonitrate of tin (assumed as anhydrous) consists of 
Protoxide of tin.. "l°°: . 66. .° 2. .55 


Nitric QChE Pits PE ae. Ode Oa 
Protonitrate of tin 1 120 100 


Pernitrate or Trx.—The recently-precipitated peroxide of tin dis- 
solves in nitric acid and forms a colourless solution, which has, I believe, 
furnished crystals, When diluted or heated, the solution becomes turbid ‘ 
the addition of nitrate of ammonia renders this salt more stable, and 
probably forms with it a double salt, When strong nitric acid is made 
to-act upon tin, as in the process above mentioned for the production of 
the peroxide, none of the metal is retained in solution, and on evaporation 
nitrate of ammonia only remains. 


ProtosutpHurer or Tin. (Sé@+5.)—This compound may be pro- 
cured by heating tin with sulphur; in consequence, however, of the high 
temperature required for its formation, so much. of the sulphur is gene- 
rally lost, that a mixture of the metal and of the sulphuret is only at 
first obtained, This mixture may be pulverized, and heated in a retort 
with its weight of sulphur, in which case the perfect protosulphuret is 
the result. A hydrated protosulphuret of tin is also precipitated, when 
the salts of the protoxide are mixed with solution of sulphuretted hydro- 
gen, or with an alkaline protosulphuret. Obtained by the first process, 
it is a brittle blackish compound of a laminated texture, heavier than tin, 
fusible at a red heat, and occasionally forming acicular crystals; it dis- 
solves in hydrochloric acid with the evolution of sulphuretted hydrogen, 
It consists of 


J. Davy. Bergman. 
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SESQUISULPHURET oF Tin. (St@+18.) — Berzelius obtained this 
compound by heating the finely-powdered protosulphuret with one-third 
its weight of sulphur to dull-redness: it is of a yellowish-gray colour, 
metallic lustre, and when digested in hydrochloric acid gives out sulphu- 
retted hydrogen, and leaves a yellow residue of bisulphuret. Gmelin 
regards this as a mixture of the protosulphuret and persulphuret, Ac- 
cording to Berzelius it contains | 
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Sesquisulphuret of tin 82 100-0 


Bisutpuuret or Tin. (St@+2S.)—It is frequently stated that this 
compound may be obtained by heating mixtures of sulphur and oxide of 
tin, but the result in these cases has probably been the preceding sesqui- 
sulphuret. A mixture of equal parts of tin-filings, sulphur, and sal- 
ammoniac, carefully heated in a covered crucible, yield a good bisulphuret 
of tin; sal-ammoniac, hydrosulphuret of ammonia, sulphuretted hydrogen, 
and sulphur, are evolved during the process. A mixture of equal parts of 

-protosulphuret of tin, sal-ammoniac, and sulphur, yields the same results. 
* 3F 


/ 
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In these operations the sal-ammoniac is said to be indispensable, but 
according to Proust (Nicuoxson’s Journal, xiv. 39), when heat is gradu- 
ally applied to a mixture of flowers of sulphur and protochloride of tin, 
“yolatile fuming muriate will pass over in considerable quantity, the 
excess of sulphur will fix about the neck of the retort, and at the bottom 
will appear a light mass of brilliant mosaic gold, and part spangle the 
dome of the vessel with gold-coloured flowers.” Woulfe has given seve- 
ral formule for the production of this sulphuret (Phil. Trans., 1771); 
but the following, taken from the London New Dispensatory of 1765, 
answers best:—Take 12 oz. of tin and amalgamate it with 6 oz. of mer- 
cury, reduce it to powder, and mix it with 7 oz. of flowers of sulphur 
and 6 oz. of sal-ammoniac, and put the whole into a glass matrass placed 
in a sand heat. Apply a gentle heat till the white fumes abate, then — 
raise the heat to redness, and keep it so for a due time. On cooling and 
breaking the matrass, the bisulphuret of tin is found at the bottom. (See . 
Wovtre’s Paper, and Arkiy’s Dict., art. Tin.) According to Berzelius, 
the use of the mercury in these operations is to facilitate the fusion of the ; 
tin and its combination with the sulphur, while the sal-ammoniac pre- 
vents such increase of temperature as would reduce the tin to the state 

of protosulphuret. 

A hydrated bisulphuret of tin is formed by decomposing a solution of 
perchloride of tin by sulphuretted hydrogen, avoiding the presence of 
excess of acid. The precipitate is pale yellow; it becomes of a dingy 
yellow when dried, and has a vitreous fracture. 

The. extraordinary golden lustre of the bisulphuret of tin and its flaky 
texture rendered it an object of great interest to the alchemists: it was 
termed aurum musivum, or mosaic gold. When well made it is in very 
soft golden flakes, very friable, and adhering to the fingers. It is inso- 
luble in the acids, except in nitro-hydrochloric acid; it is soluble in j 
caustic potassa, but not without partial decomposition. It is much used 
for ornamental work, under the name of bronze-ponder, especially by the 
manufacturers of paper-hangings: it is chiefly imported from Holland 
and Germany. It consists of 

J. Davy. Berzelius. 


Tin ee ry e ° 1 e 58 e 64:4 4 63°6 a 69 
“Sulphur 3 y. . 2 »° 825.360 . 864 |. ge 
Bisulphuret of tin 1 90 100°0 100°0 100 a 


Hyposutpuire or Tix.—Tin decomposes an aqueous solution of — 
sulphurous acid; sulphur is evolved, which forms sulphuret of tin: the 
oxide of tin formed, together with another portion of the sulphur and a 
certain quantity of sulphurous acid, unite and form a soluble hyposul- 
phite which is retained in solution. (Fourcroy.) a 


-Sunpuire or Tin is formed by digesting the protoxide in sulphurous 
acid, but the salt has not been examined. 


Sunpuares or Trx.—When excess of tin is boiled in sulphuric acid, a 
solution is obtained which deposits white acicular crystals of protosulphate _ 
of tin, In this process sulphurous acid is evolved, and some: sulphur ~ 
generally set free, arising out-of the simultaneous decomposition: of the 
water and the acid; the nascent hydrogen and the sulphuric acid react on 
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each other, reproduce water, and deposit sulphur. Protosulphate of tin 
is also precipitated by pouring sulphuric acid into protochloride of tin. 

When tin is boiled in excess of sulphuric acid, or when recently 
precipitated peroxide. of tin is dissolved in the acid, a persulphate of tin 
is formed, which, however, cannot be brought to crystallize. Dumas 
observes, that these sulphates of tin probably form double salts with the 
alkaline sulphates. 


Puospauret or Tin may be formed by dropping phosphorus into 
melted tin, or by heating to redness equal parts of tin-filings and super- 
phosphate of lime, or phosphate of ammonia. It is of a silvery colour, 
sectile, and somewhat ductile. When its filings are sprinkled upon hot 
coals the phosphorus burns. Phosphuret of tin consists of 


Pelletier. 
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> 


Phosphuret of tin 132 100 100 


PuospHite oF Try is produced, according to Rose, by mixing proto- 
chloride of tin with protochloride of phosphorus saturated by. ammonia. 
(Ann. de Ch. et Ph., xxxv, 218.) 


Puosenates oF Tin.—A protophosphate is formed by adding phos- 
phate of soda to the protochloride. It is a white powder, not soluble in 
water, and fuses at a red heat into an opaque white enamel. The 
perphosphate of tin may also be formed by double decomposition: it 
resembles the protophosphate. 


_ CarBonate oF Trn,—When carbonate of potassa is added to proto- 
chloride of tin, a white precipitate ensues, which, when washed and 
dried, loses carbonic acid, so that no permanent carbonate appears to 
exist. 


Borate oF Tin is an insoluble white powder. 


FerrocyaNnuret or Trx.—Ferrocyanuret of potassium produces a 
white precipitate in solution of protochloride of tin. : 


Autoys or Tin.—With potassium and with sodium tin forms brilliant 
white alloys, the latter being less fusible than tin. The potassium alloy 
is formed by heating a mixture of 100 parts of oxide of tin, 60 of cal- 
cined tartar, and 8 of lamp black. (Srruias.) Its alloys with the other 
light metals have not been examined, neither has that which it probably 
forms with manganese. With iron it forms combinations which are white, 
and more or less fusible according to the proportion of iron which they 
contain. These metals admit to a certain extent of separation by liqua- 
tion; that is, when the alloys are heated up to a temperature short of 
their fusion the tin runs off, leaving a less fusible alloy, in which iron 
always predominates. Bergman observed, that on fusing tin and iron 
these metals had a tendency to form two definite alloys; the one contain- 
ing 2 of tin and 1 of iron, the other, 2 of iron and 1 of tin. 

Tin-plate is a most useful alloy of tin and iron, in which iron-plate is 
superficially alloyed with tin, and to the surface of which a quantity of 
tin further adheres, without being in combination. It is made by 

3 F 2 
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dipping the cleansed iron- plates into a bath of melted tin; the process is _ 
described at length by Parkes. (Chemical Essays.) An alloy, composed 
of 6 parts of tin and 1 of iron, made by fusing tin with iron-turnings, is 
sometimes used as a substitute for pure tin in tinning copper vessels; its 
specific gravity is 7°247; it is brittle when hot, but somewhat malleable 
when cold; it fuses at a red heat. The objection to these combinations 
generally is, that in consequence of the electrical relations of the two 
metals, the iron, if anywhere exposed, has an increased tendency to rust 
and oxidizement. This is especially the case with tin-plate; for although 
the surface of the tin itself is sufficiently durable, no sooner is any portion 
so abraded as to denude the iron, than a spot of rust appears and rapidly 
extends; hence the superiority of iron-plate covered by zinc instead of _ 
tin, zinc being electro-positive, whereas tin is electro-negative in regard 
to iron. 

Moiré metallique is merely tin-plate which has been superficially acted 
on by an acid so as to display by reflected light the crystalline texture of 
the tin; the tin-plate best suited for the purpose is that which has rather 
a thick coating of pure tin. It should first be well cleansed by washing 
its surface with a little caustic potash, then in water, and drying it. The 
acid employed is always some modification of the nitro-hydrochloric more 
or less diluted; 8 parts of water, 2 of nitric, and 3 of hydrochloric acid 
generally answers well. The plate should be slightly heated, and then 
quickly sponged over with the acid, so as to bring out the moiré; it 
should then immediately be dipped into water, well washed, and per- 
fectly dried: if the acid has blackened or oxidized the surface, a solution 
of caustic potash will generally clean it. The crystals on the unprepared 
tin-plate are usually large and indistinct, so that its texture is often 
modified expressly for the purpose, by heating it up to the point of the 
fusion of the tin, powdering it over with sal-ammoniac to destroy the 
oxide, and then plunging it into cold water; in this way the crystals are 
generally very small. By sprinkling the surface of the heated plate with 
water, or by only partially fusing the tin by holding the plate over the 
flame of a spirit-lamp, or running the blowpipe flame over it, various: 
modifications of the crystalline surface may be obtained, or different 
devices sketched as it were upon it. The plates are generally finished 
by a coating of transparent or coloured varnish. 

Tin and zinc form a hard alloy, stronger than tin, and not brittle. 
An alloy of equal parts of zinc and tin resists friction, and is almost as , 
tenacious as brass. (KKorcunin. ) 

The tinning of pins is effected by boiling them for a few minutes 
in a solution of | part of bitartrate of potassa,2 of alum, and 2 of 
common salt, in 10 or 12 of water, to which some tin-filings or finely — 
granulated tin are added; they soon become coated with a brilliant and 
adhesive film of tin, and are then taken out, cleaned, and dried. The 
pins are made of brass wire, and require to be perfectly clean before they 
are put into the tinning liquor. (See the experiments of Gadolin and 
Gedda upon the precipitation of tin by copper. Jour. de Phys., xxxiy. 
362 and 430.) | " 

Tin medals, or casts in tin, are bronzed by being first well cleaned, 
wiped, and washed over with a solution of 1 part of protosulphate of 


a? 
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iron, and 1 of sulphate of copper, in 20 of water: this gives a gray tint 
to the surface; they are then brushed over with a solution of 4 parts of 
verdigris in 11 of distilled vinegar; left for an hour to dry; and polished 
with a soft brush and colcothar ; 


_ Cuaracters or THE Sarts or Tiy.—The salts of the protowide have 
a highly astringent and disagreeable taste; they are mostly colourless, 
and are precipitated white by ferrocyanuret of potassium, and: brown by 
hydrosulphurets of the alkalis: white by caustic soda and potassa, and 
excess of alkali redissolves the precipitate. They reduce the persalts of 


many metals to the state of protosalts; such as the persalts of copper, 


iron, and mercury: with dilute solution of gold they give a red or purple 
precipitate. Succinates and benzoates of the alkalis give white, and 
tincture of galls yellow, precipitates. The salts of the peroxide are 
colourless, and do not reduce the other metallic persalts; heated with 
nitric acid, peroxide of tin is generally separated: they are precipitated 
white by ferrocyanuret of potassium, and dirty yellow by the hydrosul- 
phuretted alkalis. 

Protochloride of tin is decomposed by zine and by cadmium, which 
quickly and entirely precipitate tin in a metallic state. Lead immersed 
in a solution of the protochloride of tin becomes covered with spicular 
crystals of the latter metal, which prevent further action. Pure and 
anhydrous perchloride of tin is not decomposed by any of the metals; if 
water be present it is acted upon as the protochloride. The alkaline 
solution of oxide of tin is reduced by zine and cadmium, and less 
perfectly by lead. 


§ XII. CADMIUM. 


Tuts metal was discovered in 1817, by the late Professor Stromeyer, 
of Gottingen, in examining into the cause of the yellow colour of certain _ 
oxides of zinc, which had been erroneously suspected to contain arsenic ; 
he called it Cadmium, from xadmeta, a term formerly applied both to 
calamine, and to the substance which sublimes from the furnace during 
the manufacture of brass. It is contained in certain ores of zinc, and 
especially in the black fibrous blende of Bohemia. It has been detected 
by Dr. Clarke in the calamine of Derbyshire and Somersetshire, and in 
the zinc of commerce (Ann. of Phil., xv. 272, and New Series, iii. 123), 
and Mr. Herapath found it in considerable proportion in the sublimate 
which, in the process for obtaining zinc, rises before that metal, forming 


_ what the workmen call the drown blaze. (Ann. of Phil., iii. 435.) 


Cadmium may be procured by digesting the ore in diluted hydro- 
chloric acid, by which a mixed solution of chloride of zinc and cadmium 
is obtained: it should be evaporated to dryness, to drive off excess of 
acid, and re-dissolved in water. Immerse a plate of iron into this solu- 
tion, to separate all that may be thus precipitated, and afterwards filter 
the liquor into a platinum capsule containing a piece of zinc. The cad- 


* mium will coat over the surface of the capsule, and adhere so firmly to it, 


that it may be washed, and thus freed from any remaining solution of 
zinc. Hydrochloric acid dissolves the precipitate with effervescence, and 
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from this solution it is thrown down white by the alkalis, and yellow by 
sulphuretted hydrogen. (Woutasron.) It may be reduced to the 
metallic state by mixing the oxide with charcoal, and applying a red 
heat in a tube or retort, when the cadmium, being volatile at that 
temperature, sublimes. 

Stromeyer separates cadmium from the ores containing it, by digest- 
ing them in dilute sulphuric acid, and passing sulphuretted hydrogen 
through the acidulous solution. He washes the precipitate thus formed, 
dissolves it in hydrochloric acid, and expels the excess of acid by evapo- 
ration. He then redissolves the residue in water, precipitates by car- 
bonate of ammonia, of which an excess is added, for the purpose of 
retaining the oxides of zinc and copper in solution; the remaining car- 
bonate of cadmium is washed, dried, and heated with lamp-black, by 
which it is easily reduced. 

Cadmium, in its physical properties, closely resembles tin, but it 1s 
rather harder and more tenacious; its specific gravity is 8:60, and some- 
what exceeds 8°69 after hammering. It fuses at a temperature a little 
below that required by tin, and distils over at a heat somewhat below 
redness, condensing into metallic globules: its vapour is inodorous. Air 
does not act upon it except when heated, when it forms an orange- 
coloured oxide, not volatile, and easily reducible. Its equivalent is 56. 
(55°8 Turner, 55°83 GRanam.) 


ProtoxIpE oF CADMIUM. (cad +0) or Cav.—This, which is the 
only known oxide, may be obtained by burning the metal in oxygen, or 
by dissolving it in dilute nitric acid, and precipitating it in the state of 
carbonate, which is then washed, dried, and ignited. It is of a reddish- 
brown or orange colour, and is neither volatile nor fusible; but when 
mixed with carbonaceous matter it appears volatile, in consequence of its 
easy reduction, and the burning off of the separated cadmium, When 
thrown down from its solutions by alkalis it forms a white hydrate, 
soluble in excess of ammonia, but insoluble in potassa or soda. 

Oxide of cadmium consists of 


" 


Stromeyer. John. 
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Cniorwe or Capmium (Cad + C) is formed by dissolving the hydrated _ 
oxide in hydrochloric acid: on evaporation small prismatic erystals are 
obtained, very soluble in water, and efflorescent in a dry atmosphere; 
they readily fuse, and losing water of crystallization, concrete into a 
transparent lamellar crystalline mass, which is chloride of cadmium: at a 
yery high temperature it is volatile, and condenses in the form of a 


nacreous sublimate, It consists of 
Stromeyer. 
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Chloride of cadmium 1 92 ~—«:100°0 100-00 


Topper or, CapMIUM (cad +1) is a colourless erystallizable compound, 
fusible, and resolved at a high temperature into iodine and cadmium. It 
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is easily formed by heating filings of cadmium with iodine, or mixing 
them ina moist state. Its alcoholic or aqueous solution yields large 
six-sided tables, of a pearly lustre. It consists of 


Stromeyer. 
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Bromipe or CapmiuM.—Bromine does not act upon cadmium at 
common temperatures, but when the vapour of bromine is passed over 
cadmium highly heated in a tube, white vapours are formed, which after-. 
wards condense. When bromine and filings of cadmium are mixed with 
water, a solution of bromide of cadmium is also obtained. 

This compound is very soluble in water, and when its hot saturated 
solution cools, it deposits white acicular prisms, which effloresce in the 
air; when ented, these crystals fuse, lose water, and, at a red heat, 
sublime, yielding nacreous scales. This bromide dissolves in aleohol and 
ether, and in concentrated acetic and hydrochloric acid without decom- 
position; it is also very soluble in ammonia. (Dvumas.) It consists of 


Gadmiuin® 2. oe RR eS SB a a 
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Bromide of cadmium 1 134 100°0 


_ Fivoripe or Capmivm is a difficultly-soluble compound. 


_ Nirrate or Capmium (Cap+/) forms radiated acicular crystals, 
which are deliquescent, and soluble in alcohol. They consist of 
Stromeyer. 
Oxide of cadmium . Boer wea: Wet OS) 4G ae ee 
Nitrie- send si ae Da ee Pe i 8 9 B44. 4 8808) 5. ov SEG 
is fs ee a rae ae S45. SBS. yo 3 Sag 


Crystallized nitrate of cadmium =! 154 100°00 100:00 | 


Suupuurer or Capmrum (C@d+5S) is obtained in the form of a 
bright-yellow powder, insoluble in ammonia and in the fixed alkalis, by 
precipitating the solutions of the metal with sulphuretted hydrogen, or 
an alkaline sulphuret.. It is also formed by heating cadmium, or its 
oxide, with sulphur, and concretes, on cooling, into a yellow lamellar 
mass. It dissolves with the evolution of sulphuretted hydrogen in con 
eentrated hydrochloric acid, and is not volatile at a white heat. It fur- 
nishes a valuable yellow pigment, which mixes well with other colours. 
Tt consists of 

Stromeyer. 
OM. ek tbat die cn BB 5 fas 17784 eh JOUR 
Sulphur... . . 1s . 1 + . 2222 . . 21°98 
1 


72 100-00 100-00 


HyposunpHate or Capmium is a very soluble deliquescent salt. 
(HEEREN.) 


SuLPHATE OF CADMIUM (Cavs ) forms transparent prismatic erys- 
tals, much resembling those of sulphate of zine: they are efflorescent, and 
very soluble in water: gently heated, they lose water of crystallization, 


Sulphuret of cadmium 
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and ata higher temperature a part of the acid escapes, and a basic sul- 
phate, difficultly soluble, and crystallizing in scales, remains. 100 parts 
of anhydrous sulphate of cadmium absorb 48°69 of ammonia, forming a 
bulky white powder. The crystals of sulphate of cadmium contain 


Stromeyer. 
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PHosPHURET OF CADMIUM (cad +p) is a gray, brittle compound, with 
a feeble metallic Justre, and very difficult of fusion. 


‘Puospuate oF Capmium is an insoluble white powder, formed by 
adding neutral phosphate of soda to a soluble salt of cadmium. It con- 
sists, according to Stromeyer, of 69°2 oxide of cadmium, and 30% 
phosphoric acid: the equivalents would give 64+36. It fuses at a high 
heat into a transparent glass. 


~-CarBonaTE oF Capmium (Cap+ Car’) is a white insoluble anhydrous 
powder, which loses its acid at-a red heat, and consists of 
eees Stromeyer. 
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Carbonate of cadmium 86 100°00_ 100°000 


BoraTE oF Capmium is an insoluble white powder, containing, 
according to Stromeyer, 72°] oxide, 27°9 acid; numbers which are 
irreconcilable with the equivalents, 


ALLoys OF Capmium. —Cadmium combines readily with Fa metals, 
forming brittle alloys, from which the cadmium is expelled by a high 
heat: few of them have been examined. rye 


Tue Satts or Capmium are white and colourless, and mostly soluble 
in water: the solution has a nauseous metallic taste; they are preci- 
pitated white by caustic and carbonated alkalis, and by ferrocyanuret of 
potassium ; and yellow by sulphuretted hydrogen: they are not affeeted 
by tincture of galls. The precipitate by the carbonated alkalis is anhy- 


eee ee TF: 


drous, whereas, with solution of zine, they throw down a hydrated car=  — 


bonate; with carbonate of ammonia, the zinc salts give a precipitate | 


soluble in excess of the precipitant; with cadmium salts the precipitate 
is insoluble. The yellow precipitate which sulphuretted hydrogen occa= 
sions in solutions of cadmium has sometimes been mistaken for sulphuret 
of arsenic; it differs in falling more promptly, in its easy solubility in 
concentrated hydrochloric acid, its insolubility in ammonia, and its fixity 
in the fire. Zinc is the only metal which throws down metallic cadmium. 
The scarcity of cadmium prevents its application to useful purposes, other- 
wise its malleability would render it available in the arts, and its oxide 
and sulphuret would perhaps be good pigments. Its applications in 
medicine would probably be analogous to those of zinc. : 


COBALT. 


§ XIII. COBALT: 

Tux following account of the discovery of cobalt is given by Dr. 
Thomson. (Inorg. Chem., i. 536.) “A mineral called codalt*, of a gray 
colour, and very heavy, has been used in different parts of Europe, since 
the fifteenth century, to tinge glass ofa blue colour. But the nature of this 
mineral was altogether unknown till it was examined by Brandt, in 1733. 
This celebrated Swedish chemist obtained from it a new metal, to which 
he gave the name of cobalt. (Acta Upsal., 1733 and 1742.) Lehmann 
published a very full account of everything relating to this metal in 1761. 
(Cadmialogia, oder Geschichte des Farben- Kobulds.) Bergman confirmed 
and extended the discovery of Brandt in different dissertations published 
in the year 1780. (Opusc., ii. 444, 501, and iv. 371.) Scarcely any 
further addition was made to our knowledge of this metal till 1798, when 
a paper on it was published by Mr. Tassaert. (Ann. de Chim., XXVIll. 
101.) In the year 1800, a new set of experiments were made upon it 
by the School of Mines at Paris, in order to procure it perfectly pure, and 
to ascertain its properties when in that state. (Fourcroy, Discours 
Préliminaire, p. 114.) In 1802, a new series of trials was published by 
Thenard, which throw considerable light on its combinations with oxygen. 
(Ann. de Chim., xtii. 210.) And in 1806, Mr. Proust published a set 


of experiments upon the same subject. (Ann. de Chim., ix. 260.) Con- 


siderable attention has been lately paid to the purification of this metal; 
but hitherto no one seems to have been fortunate enough to hit upon 
a method altogether free from objections.” 

The native combinations of cobalt are the oxide, and compounds of 
the metal with iron, nickel, arsenic, and sulphur. It is also found com- 
bined with arsenic acid. In the white and gray cobalt-ores, the metal is 
combined with iron, and with arsenic. The ore commonly called glance 
cobalt, from Tunaberg, in Sweden, is a sulpho-arseniuret of cobalt. Some 
of the varieties are crystallized in cubes, octoédrons, and dodecaédrons. 


| 


The red ore is an arseniate. The 


* The word cobalt seems to be derived 
from Cobalus, which was the name of a 
spirit that, according to the superstitious 
notions of the times, haunted mines, de- 
stroyed the labours of the miners, and 
often gave them a great deal of unne- 
cessary trouble. The miners probably 
gave this name to the mineral out of 


joke, because it thwarted them as much 


as the supposed spirit, by exciting false 
hopes, and rendering their labour often 
fruitless; for as it was not known at first 
to what use the mineral could be applied, 
it was thrown aside as useless. It was 
once customary in Germany to introduce 
into the church-service a prayer that God 
would preserve miners and their works 
from kobalts and spirits. (See Brcx- 
MANN’s History of Inventions, ii. 362.) 
Mathesius, in his tenth sermon, where 


finest specimens are the produce of 


he speaks of cadmia fossilis (probably co- 
balt ore), says, “ Ye miners Call it cobalt; 
the Germans call it the black devil and 
the old devil’s whores and hags, old and 
black kobel, which by their witchcraft 
do injury to people and to their cattle.” 
Lehmann, Paw, Delaval, and several 
other philosophers, have supposed that 
smalt (oxide of cobalt melted with glass 
and pounded) was known to the ancients, 
and used to tinge the beautiful blue glass 
still visible in some of their works; but 
we learn from Gmelin, who analyzed 
some of these pieces of glass, that they 
owe their dive colour, not to the presence 
of cobalt, but of iron. According to 
Lehmann, cobalt ore was first used to 
tinge glass blue by Christopher Schurer, 
a glassmaker at Platten, about the year 
1540. 
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Saxony. Cobalt has also been detected, by Stromeyer, in several speci- 
mens of meteoric iron. Hydrated peroxide of cobalt is sometimes com- 
bined with native peroxide of manganese. 

Cobalt is never employed in the metallic state, so that the processes 
for its reduction are generally carried on upon a small scale, and confined 
to the experimental laboratory. 

To, obtain pure cobalt, the cobalt of commerce, in fine powder, may 
be calcined with 4 parts of nitre, and washed in hot water, by which 
much arsenic is separated: then digest it in dilute nitric acid, and im- 
merse a plate of iron into the solution, which will separate the copper; 
filter, and evaporate to dryness; digest the dry mass in liquid ammonia 
and filter; expel the excess of ammonia from the filtered liquor by heat, 
taking care not to produce a precipitate, and then add solution of potassa, 
which throws down oxide of nickel; filter immediately, and boil, which 
will occasion the separation of oxide of cobalt; this, ignited with char- 
coal, furnishes the pure metal, In this process the first calcination with 
nitre often requires two or three repetitions in order to get rid of the 
whole of the arsenic, which adheres to cobalt with much obstinacy. 

When the ores of cobalt, or the impure oxide called Zaffre, are dis- 


solved in hydrochloric acid by the aid of a little nitric acid, and sulphu-— 


retted hydrogen passed through the solution, the arsenic is precipitated: 
the filtered liquor may then be boiled with a little nitric acid to peroxidize 
the iron, and precipitated by carbonate of potassa: the precipitate, when 
well washed, is to be digested in oxalic acid, which leaves an insoluble 
oxalate of cobalt; this may be decomposed at a high heat. When dry 
hydrogen gas is passed over oxide of cobalt, it is also reduced. 

The following is Liebig’s process for obtaining a pure oxide of cobalt. 
The ore is pulverized and carefully torrefied; it is then projected by 
small portions at a time into a crucible or iron vessel, containing 3 parts 
of bisulphate of potassa, fused by a moderate heat: this mixture, at first 
fluid, soon acquires a thick pasty consistence; the fire is then raised till 
the mass is perfectly fused and white vapour no longer emitted. The 
fused mass is then taken out by an iron spoon, fresh bisulphate is put 
into the crucible, and fresh portions of ore treated as before. The fused 
mass contains sulphate of cobalt, neutral sulphate of potassa, perarseniate 
of iron, and a yery little arseniate of cobalt. It is reduced to powder, and 
boiled (Gn an iron boiler) with water, to separate the soluble matters; 


the. liquor is then filtered, or decanted, clear; it should be of a rose’ 


colour, and yields, with solution of carbonate of potassa, a precipitate of 
carbonate of cobalt. This is repeatedly washed with boiling water; the 
first waters hold sulphate of potassa in solution and may be evaporated 
to dryness and reconverted into bisulphate. This process is founded 
upon the permanence of sulphate of cobalt at a red heat, and the insolu- 
bility of the arseniates of iron and nickel in all neutral solutions. The 
oxide thus obtained is free from nickel, and should be so free from iron 
as not to be discoloured by infusion of galls: should it contain traces of 
copper they may be separated by sulphuretted hydrogen. ‘The removal 
of arsenic from the fused mass in the above process is further secured by 
adding to it some sulphate of iron, calcined at a red heat with one-tenth 
its weight of nitre, so as to have excess of peroxide of iron present; in 
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that case no arseniate of cobalt is formed. Great care must also be taken 
entirely to expel the excess of sulphuric acid from the bisulphate of 
potassa, by adequate exposure to a red heat. 

Cobalt is of a reddish-gray colour, brittle, and difficultly fusible. Its 
specific gravity, according to Bergman, is 7 ‘7: according to Turner, 7°834. 
Tassaert and Lampadius place it at 85 and 8-7. The specific heat of a 
specimen of cobalt not quite pure, as determined by Regnault, was= 
0°11712; that of pure cobalt, reduced from the oxalate, being—0°10696. 
It is not magnetic when perfectly pure. Its equivalent is 30. (29°5 
Gmevin and Turner, 29°57 GRAHAM.) 


CoBALT AND OXYGEN unite in two proportions, forming oxides cor- 
responding with those of iron, namely, a protowide and a sesquioxide. 


PRoTOXIDE OF COBALT (cob -+ 0) or Cos, is formed by adding potassa 
to the nitrate, and washing and drying the precipitate; it appears very 
dark blue or nearly black. By exposure to heat and air it absorbs an 
additional portion of oxygen, and is thus converted into black perowide. 
The protoxide, when recently precipitated and moist, is blue; and, if left 
in contact of water, becomes a red hydrate; and afterwards of a dingy 
green by absorbing oxygen. . 

The protoxide may also be obtained by heating the carbonate of 
cobalt out of contact ofair; it is then of a greenish-gray colour. It is | 
recognised by the facility with which it imparts a blue tint to vitrifiable 
compounds and to white enamel. It dissolves with the extrication of 
heat in nitric and sulphuric acid; and is known to be free from peroxide, 
by dissolving in hydrochloric acid without the evolution of chlorine. 
When hydrogen is passed over it ata red heat, it is decomposed, and 
porous metallic cobalt remains, which is sometimes pyrophoric. It con- 
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Protoxide of cobalt 38 100°0 100°00 ~ 100°00 


PeRoxipE oF CoBaLtt. SEsquioxiDE oF CoBALT. (cob+ 140.)— 
When either the finely-divided metal, or the protoxide, are heated in the 
air, they absorb oxygen, and acquire a dark-brown colour, forming an oxide 
intermediate between the peroxide and protoxide, and probably of indefi- 
nite composition; but according to Hess (PoacEnp., xxvi. 542), consisting 
of (3C0+40). When chlorine is passed through a mixture of the 
hydrated protoxide and water, or when a solution of chloride of cobalt 
is decomposed by chloride of lime, a black precipitate falls, which is the 
hydrated peroxide, and which may be deprived of water by very cautious 
drying at a high temperature; it is then black, and insoluble in dilute 
acids; it does not form salts; when acted on by hydrochloric acid it 
evolves chlorine, and yields chloride of cobalt. It sometimes occurs 
native, but is very rare. It consists of 


Rothoff. 
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CuLORIDE oF CoBALT. (cob +¢.)—Cobalt burns when heated in 3 


chlorine, and forms chloride of cobalt. When cobalt or oxide of cobalt 
is dissolved in hydrochloric acid, evaporated to dryness, and the residuum 
heated to redness out of the contact of air, a substance of a blue colour 
and micaceous texture is obtained, which is a pure chloride of cobalt, 


consisting of 
Brande. 


Cobalt: (242. a elev 6 uO as pee a ee ene 
Chiorine |) oe". 1 FeO Sag Fy 8. (Vee ae 
Chloride of cobalt 1 66 100°0 100°00 


When the blue anhydrous chloride of cobalt is dissolved in water it 
yields a pink solution, which, if duly diluted, and written with, becomes 
invisible when dry; but if gently heated, the writing appears in brilliant 
blue, which soon vanishes as the paper cools, in consequence of the salt 
absorbing aérial moisture: if overheated, the writing blackens, in conse- 
quence of the decomposition of the chloride and the paper. This solution 
has been termed Hellot’s sympathetic ink. Dr. Thomson states that it 
was first made known by Waitz, in 1705; a second time by Teichmeyer, 
in 1731; and, lastly, by Hellot, in 1737. (Mém. Paris.) If it contain 
copper, nickel, or iron, the writing appears green; hence, in what are 
termed magic landscapes, the sky is tinted with solution of pure chloride 
of cobalt, and the trees and grass with that which is cupreous. By 
careful evaporation, the solution of this chloride forms red crystals, in the 


form of oblique rhombic prisms (Brooks, Ann. of Phil., 2nd series, Vil. 


365), composed of 1 proportional of the chloride and 5 of water. 

Dumas observes that chloride of cobalt may be obtained by passing 
chlorine over the finely-powdered ore of cobalt (glance cobalt). “The 
chlorides of arsenic, sulphur, and iron, are volatilized, and the chloride 
of cobalt remains, provided only a moderate heat has been used. 


IopIwe or. ConaLr remains unexamined. -No precipitate is produced 
in solutions of cobalt either by hydriodic acid, or iodide of potassium; or 
by iodic acid, or iodate of potassa. 


‘Bromipe or Cospaut is formed when cobalt is heated in bromine 


vapour; it is a green compound, which yields with water a red solution; 


it becomes purple when concentrated, and reverts to green when dry; it 
is also formed by boiling cobalt and bromine with water. 


Bromide of cobalt is very deliquescent; it is fusible at a high red- 


heat, and undergoes slight decomposition; ammonia decomposes it, and 
in excess redissolves the precipitate. It consists of . 


Cobalt yer eo POM ere eee 
Bromine... l CONTE LIA PSS 
Bromide of cobalt 1 108 100°0 


FivorweE or CopaLtt.—When oxide of cobalt is digested in hydro- 
fluoric acid, a pink solution is obtained, which yields crystals on evapora- 
tion, difficultly soluble in water. 


Nitrate or Copaur.—With nitric acid the oxide of cobalt furnishes 
a brownish-red deliquescent salt in irregular rhombic crystals, consisting, 
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according to Dr. Thomson, of 1 proportional of oxide of cobalt, 1 of nitric 


acid, and 6 of water. It is soluble in alcohol. . It is easily resolved by 
heat into nitrous acid, oxygen, and peroxide of cobalt, 


AMMONIATED OXIDE oF Copatr. CoBALTaTeE oF AMMoNIA.—It is 
doubtful whether any binary compound of ammonia and oxide of cobalt 
exists. Salts of cobalt with excess of acid are not precipitated by ammo- 
nia, nor by ammoniacal salts, because double salts are formed. From a 
neutral solution of cobalt, ammonia throws down a portion of oxide in 
the form of blue hydrate, which remains unchanged, provided air be 
excluded; but, if air has access, oxygen is absorbed, and the precipitate 
first becomes green, and then dissolves into a brown ‘fluid, which appears 
to be a compound of cobaltate of ammonia with the other ammoniacal 
salt. LL. Gmelin supposes the cobaltic acid to consist of 1 equivalent of 
cobalt and 2 of oxygen; its ammoniacal solution is apt to deposit peroxide 
of cobalt, in which case it also gives out nitrogen. 


_ AMMONIO-NITRATE OF CoBpaLt.—When excess of ammonia is added 
to nitrate of cobalt, part of the oxide is thrown down, and the remainder 
forms a double salt, which crystallizes in rose-coloured cubes of a saline 
and urinous taste. Atared heat it fuses like nitrate of ammonia, and 
leaves peroxide of cobalt. ‘The alkalis do not decompose it, but the sul- 
phurets give a black precipitate. (THENARD.) © 


PROTOSULPHURET OF COBALT. (cob+$.)—When 1 part of carbonate 
of soda, 2 of sulphur, and 1 of pulverized (native) arsenio-sulphuret of 
cobalt, are heated together, sulphuret of sodium, of arsenic, and of cobalt, 
are formed, and on cooling, the sulphuret of cobalt separates in bronze- 
coloured scales. When the fused mass is washed, if the ore was pure, 
sulphuret of cobalt is the only insoluble residue, the double sulphuret of 
arsenic and sodium being dissolved. Sulphuret of cobalt may also be 
obtained by heating sulphate of cobalt with charcoal, but in that case 
some metallic cobalt is blended with it, for carbon decomposes the sul- 
phuret of cobalt. It is thrown down in the state of hydrate when proto- 
salts of cobalt are decomposed by sulphuretted hydrogen. . 
| Protosulphuret of cobalt is yellow, resembling magnetic pyrites in 
colour; it fuses at a red heat, and is easily soluble in acids. (Brrtuier. ) 
Tt consists of 


Hii 4 he rae 
SE ena i ar eae Pt ne AG einige eae 
Protosulphuret of none ” 46 100:0 


Ouysulphuret of cobalt is formed when hy eeogas is passed over onto 
sulphate of cobalt. 


SusquisULpHURET or Copaxi (cob+4s) i is obtained by decomposing 
sulphate of cobalt by sulphuretted hydrogen (ArFwepson, Ann. of Phil., 
2nd series, vil.), or by passing sulphuretted hydrogen over peroxide of 
cobalt. (SorreRBERG.) A native sesquisulphuret of cobalt is found in 
Sweden and Prussia of a light steel-gray colour, not crystallized, and 
generally blended with pyrites; it contains. cobalt and id ei in the 
relative proportions of 
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Sesquisulphuret of cobalt 54 100°0 


Bisuupnuurer or Conart (COb +25) was obtained by Sotterberg by 
heating peroxide of cobalt with 3 times its weight of sulphur, and treating 
the product with hydrochloric acid to decompose any protosulphuret, and 
afterwards with solution of potassa to abstract the excess of sulphur: the 
bisulphuret remains in the form of a black powder insoluble in hydro- 
chloric acid; it consists of 

Cobalt eae bas O fiir 
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Bisulphuret of cobalt 62 100°0 


SULPHITE AND Hypostipnire or Copart have not been examined. 
HyposuLpHate oF Copatt forms, according to Heeren, a red saline 
mass, very soluble, but not deliquescent: he obtained it by the decompo- 


sition of sulphate of cobalt by hyposulphate of baryta. The crystals, 
which are difficultly obtained, contain 


UORiGge Of SONRIY 2. jg te eg 38. . «(232 
Hyposulpnuricacid =... 4. 1.5 42... S88 
Water ae ae ab tier irae ae De mk oe bi) Madame gh as || 
Crystallized hyposulphate of cobalt 1 164 100°0 


SuLpuate or Copatt (Cosp+8’) forms oblique rhombic prisms, like 
sulphate of iron (Brooke, Ann. of Phil., vi. 120, 2nd series), of a bitter- 
ish metallic taste, soluble in 24 parts of water at 60°, and insoluble in 
alcohol. It may be made by dissolving the newly-precipitated protoxide 
or carbonate of cobalt in sulphuric acid diluted with its bulk of water, 
but is not easily crystallized. When dried at a temperature of 500°, the 
crystals fall into a blue powder, which, in a red heat, fuses, but does not 
give off acid except at a very high temperature. The blue powder is the 
anhydrous sulphate of cobalt, perfectly soluble in water, and forming a 
pink solution; it is slightly deliquescent, and becomes lilac-coloured by 
exposure to air. It consists of } 

4 ia Rothoff. Brande. 
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Sulphuric acid 4-6 3 Fee 40 ESI Se eal. C8 
Anhydrous sulphate of cobalt 1 78 100°0 100°V0 100 
The crystals consist of Mits- 


Seer ee rey ’ Bucholz. cherlich. Proust. 
Anhydrous sulphate of cobalt 
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Crystals of sulphate of cobalt 


bce 9B O10 oO ue a Nees ee 
6. 64) 4007 ad dey eas 
1 


ie eee 


132 100°0 100 100°0 100 


When 1 part of sulphate of cobalt and 2 or 3 of sulphate of zinc are 
dissolved together and precipitated by carbonate of soda, a precipitate 
falls, which has been called a cobaltate of zinc; when washed and cal- 
cined it acquires a green colour, and has been used as a pigment, under 
the name of Rinmann’s green. ht 
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BisvPHate or Copaur is formed by digesting the sulphate in excess 
of acid; the solution affords long four-sided prismatic efflorescent crystals, 


composed of 1 proportional of protoxide of cobalt, 2 of sulphuric acid, and 
3 of water. (THomson. ) 


AMMONIO-SULPHATE OF Copatt.—Sulphate of cobalt forms a double 
salt with ammonia. If it contain nickel, the crystals are of a greenish 
tinge, but pink when the cobalt is pure. When anhydrous sulphate of 
cobalt is exposed to ammonia it increases in bulk, heats, and falls into a 
white powder with a slight tint of red. 100 parts of the salt take up 
66°48 of ammonia. (I. Rosn, Ann. de Ch. et Ph., uxii. 313.) 


SuLPHATE oF Copatt anpd Porassa.—A double salt, isomorphous 
with the ammonio-magnesian sulphate, and less soluble, and more easily 
crystallized than the sulphate of cobalt. The crystals include 1 atom of 
sulphate of cobalt, 1 of sulphate of potassa, and 6 of water. (MitscuER4icu.) 


SELENIURET OF Copnatt has a gray metallic lustre and foliated fracture. 
SELENITE OF Copatr is an insoluble rose-coloured powder. 


PuosPHURET oF Copatt is a white brittle compound, obtained by pro- 
jecting phosphorus upon red-hot cobalt, or by calcining a mixture of 
superphosphate of lime, oxide of cobalt, and charcoal; it burns before 
the blowpipe and tarnishes by exposure to air. It contains about 20 per 
cent. of phosphorus (PELLETIER); it consists, therefore, probably of 


SeODGIELT in sbce aks Lecdittinvatien: Pies <act 
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76 100 


Rose obtained a subsesquiphosphuret of cobalt by exposing subphos- 
phate of cobalt to the action of hydrogen; he represents it as consisting of 
3 atoms of cobalt and 2 of phosphorus. 


] 
Phosphuret of cobalt 1 


flypopnospnite or Copaxr forms, according to Rose, octoédral efflo- 
rescent crystals containing 49°35 per cent. of water of crystallization. 
’ Nothing is known respecting the Phosphite of Cobalt. 


Puosrnate or Coparr may be formed by double decomposition, as by 
adding phosphate of soda to chloride of cobalt; it is insoluble in water, of 
_ a lilae colour, and soluble in excess of phosphoric acid; if mixed with 
pure alumina, and exposed to heat, it produces a beautiful blue colour, 
which may sometimes be employed by painters as a substitute for ultra- 
marine: a pure salt of cobalt free from nickel, and pure alumina free from 
iron, are essential to the production of a fine blue. The alumina and the 
phosphate are most conveniently mixed when both are recently precipi- 
tated and in the hydrated state; 8 parts by bulk of alumina are thus well- 
mixed with ] part of the phosphate, and then dried and heated to redness; 
the crucible is allowed to remain in the fire till the charcoal is consumed, 
This compound, from its discoverer, is called Thenard’s blue. 


_ _ Carponate or Copatt (Cosp+Car/) is formed by decomposing the 
nitrate, chloride, or sulphate of cobalt, by carbonate of potassa or soda: a 
purple powder is precipitated, becoming pink when dried, and readily 
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soluble with effervescence in the acids. Heated in close vessels it gives 
off carbonic acid, and a gray protoxide of cobalt remains. It dissolves in 
excess of paubaulo acid, and in alkaline carbonates. According to Dumas, 
the precipitate thrown down from sulphate of cobalt by carbonate of 
potassa is a sesquicarbonate of cobalt: it is of a rose-colour; excess of 
carbonate of potassa dissolves much of this precipitate, because carbonic 
acid is set free and produces bicarbonate, in which the carbonate of cobalt 
is soluble; the solution has a violet tint; by boiling, the whole of the car- 
bonate is thrown down. The carbonate of cobalt which is formed by 
precipitation with the alkaline bicarbonates, retains its colour when dry. 


_ AMMONIO-CARBONATE oF CopaLt.—Carbonate of cobalt is readily solu- 
ble in solution of carbonate of ammonia, forming a bright pink liquid. 


Cyanuret or Copatt.—Hydrocyanic acid, added to acetate of cobalt, 
throws down the whole of the metal in the form of cyanuret. 


FEeRROCYANURET OF CoBaLt.—Ferrocyanuret of potassium gives a 
greenish yellow or gray precipitate, and ferrosesquicyanuret a brown pre- 
cipitate, in ‘solutions of cobalt: these precipitates are insoluble in hydro- 
chloric acid. 


CoBALTocYANURET or Porassium.—Cyanuret of cobalt is dissolved in 
a solution of cyanuret of potassium; or hydrocyanic acid is added toa 
solution of cyanuret of cobalt, or of carbonate of cobalt, in potassa, till it 
no longer reddens turmeric; on evaporation, transparent shining prismatic 
crystals are obtained, which are neutral to vegetable colours, decrepitate 
when heated, and then fuse into'a dark olive-green liquid. This salt is 
easily soluble in water, and the solution is nearly colourless. The pink pre- 
cipitate which it produces ; in the salts of cobalt, is, perhaps, analogous to 
Prussian blue. (lL. Guerin.) This salt is snhydrons, and consists of 
L. Gmelin. 


Potassium ae 120. <0). Be ek eae 
Cobalt . . 6 2. GO.d. hs) GAT ee ee 
Cyanogen 6 156. . 464 . .~ 47°58 

1 336 100°0 100-00 


' SutpnocyANuRET or Copatt.—Sulphate of cobalt is added to an alco- 
holic solution of sulphocyanuret of potassium; sulphate of potassa falls, 
and the blue solution yields prismatic crystals which deliquesce in the air. 
into a liquid, at first violet-coloured, then red, and yielding a nearly 
colourless solution in water, which, on the addition of alcohol, again 
becomes blue. (Grorruuss, Gilbert's Ann., Lxi. 70.) 


- Borate or Copartr.—Solution of borax occasions a pink precipitate in 
solution of chloride of cobalt, which is a borate of cobalt, and w hich pro- 
duces a beautiful blue glass when fused. 


Users or Copatt.—The alloys of cobalt are unimportant. The chief 
use of cobalt is in the state of oxzde as a colouring material for porcelain, 
earthenware, and glass; it is principally imported from Germany in the 
state of caffre, and smalt or azure. Zaffre is prepared by calcining the 
ores of cobalt, by which sulphur and arsenic are volatilized, and an impure 
oxide of cobalt remains, which is mixed with about twice its weight of 


4 : SALTS OF COBALT, 801 


finely-powdered flints. Smalé and azure blue are made by fusing zaftre 
with glass; or by calcining a mixture of equal parts of roasted cobalt ore, 
common potash, and ground flints. In this way a blue glass is formed, 
which, while hot, is dropped into water, and afterwards reduced to a very 
fine powder. Thenard’s blue is also a valuable pigment. 


CHARACTERS OF THE Sats oF Copatt.—Solution of potassa produces 
a blue precipitate in solutions of cobalt, which becomes green, and if 
boiled, or long kept, dirty red. It is not redissolved by excess of potassa. 
Ammonia forms a blue precipitate in solutions of cobalt, which, on its 
further addition, becomes green, and mostly dissolves: this solution 
becomes brown by exposure to air. Carbonate of ammonia produces a 
red precipitate, which dissolves in hydrochlorate of ammonia. Hydro- 
sulphuret of ammonia produces a black precipitate, even when the cobaltic 
solution is excessively dilute. Those salts of cobalt which are insoluble 
in water, are nearly all soluble in dilute sulphuric or hydrochloric acid, 
and are generally thrown down by ammonia, and blackened by hydrosul- 
phuret of ammonia. When no precipitate is produced in an acidulated 
metallic solution by sulphuretted hydrogen gas, while at the same time a 
black precipitate is produced in the neutral or alkaline solution, by hydro- 
sulphuret of ammonia, scarcely any other metal than cobalt, nickel, or 
iron, can be present. (H. Rose.) Before the blowpipe, cobalt and its 
compounds colour borax and microcosmic salt blue. By charcoal they are 
reduced to a gray powder which is metallic cobalt. (BERzELIus.) Cobalt 
is not thrown down in the metallic state by any of the other metals. 


§ XIV. NICKEL. 


NickeL was discovered by Cronstedt, in 1751. Its commonest ore 
was termed by the German miners, kupfernickel, or “false copper:” it is 
an arsenuret of nickel; it occurs most abundantly in the mines of Saxony 
and Germany; it has also been found in Dauphiny, Cornwall, and several 
other localities: there is also a native sulphuret of nickel; what is fre- 
quently termed native nickel is a variety of the arsenuret. 

The common commercial source of nickel is an artificial arsenuret, 
known under the name of Speiss; it generally contains between 50 and 
60 per cent. of nickel, and, as has been observed by Wohler, it occasionally 
forms octoédral crystals, consisting of 1 atom of arsenic and 1°5 of nickel. 

An abstract of the numerous processes which have been proposed for 
obtaining pure nickel will be found in Dumas (Chim. app. aux Arts, iiis 
253). Ttis easily procured nearly pure; the difficulty consists in perfectly 
freeing it from all traces of other substances, and especially of cobalt. 
One of the simplest modes of proceeding is as follows:—Dissolve the 
impure arsenuret, sold under the name of spezss, finely-pulverized, in 
sulphuric acid diluted with 3 parts of water, by adding the quantity of 
nitric acid necessary to produce the solution. When cool filter this solu- 
tion, concentrate it, and set it aside: crystals of sulphate of nickel make 
their appearance. Proceed in this manner till a sufficient quantity of 
__erystals has been obtained; dissolve and crystallize a second and third 

time. Then redissolve the purified crystals, and pass sulphuretted 
: 31 


802 OXIDES OF NICKEL. 


hydrogen through the solution, which should be slightly acidulated, to 
precipitate any copper or arsenic that may be present; boil, filter, and 
recrystallize. The crystals now obtained furnish a solution from which 
oxide of nickel is thrown down by potassa: it may, however, still retain 
cobalt, which is separated by diffusing the hydrated precipitate through 
water, and subjecting it to a current of chlorine, by which the cobalt is 
thrown down (with some nickel) in the form of peroxide, and a solution 
of chloride of nickel is obtained, from whieh the pure hydrated oxide of 
nickel may now be thrown down, by potassa; or, if intended for the pro- 
duction of the metal, by oxalic acid in the state of oxalate; which is then 
dried, and intensely heated in a covered crucible: it affords a button of 
pure nickel; the metal may also be obtained by exposing a mixture of 
lamp-black and oxide of nickel, made into a paste with oil, to a heat 
gradually raised to whiteness. The above process is improved by 
thoroughly roasting the powdered speiss previous to its solution, and by 
adding to the solution of the first crop of crystals of sulphate of nickel a 
sufficient quantity of sulphate of potassa, so as to yield, on evaporation, 
the double sulphate of nickel and potassa: this double salt is then to be 
treated by sulphuretted hydrogen as above directed. ) 

_ Nickel is a white brilliant metal, which acts upon the magnetic needle, 
and is itself capable of becoming a magnet. Its magnetism is more feeble 
than that of iron, and vanishes at a heat somewhat below redness (630° 
Farapay). Itis ductile and malleable: Ihave a Bavarian coin struck in 
nickel; the impression of the die is very perfect. Its specific gravity 
varies from 8°27 to 8-40 when fused, and after hammering, from 8°69 to 
9:00. Its specific heat is 0:10863. It is not oxidized by exposure to 
air at common temperatures, but when heated in the air it acquires 
various tints like steel; at a red heat it becomes coated by a gray oxide: 
before the oxygen blowpipe it burns with sparks, somewhat like iron: its 
equivalent number, deduced from various analyses of its compounds, 
is between 26 and 30. I have assumed it at 28. (29°5 Genin and 
Turner, 26 Tomson.) bet 


ProtoxipE oF NICKEL, (nic + 0,) or Nic, is obtained by adding 
_ potassa to the solution of the pure nitrate or sulphate; a precipitate falls 
of a pale-green colour, which is a hydrated protoxide; this, heated to 
redness, affords a gray protoxide. The carbonate, oxalate, or nitrate of 


nickel, heated to redness, also afford the protoxide in the form of a gray — 


powder: when intensely heated out of contact of air it becomes green. 
It is not magnetic. This oxide, in the state of hydrate, easily dissolves 
in ammonia, forming a sapphire-blue solution; this property is often 
made use of to separate oxides of nickel and iron, the latter (peroxide) 
being insoluble in ammonia. Protoxide of nickel consists of 

Klaproth. Riehter. Thomson. Rothoff.- 
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-. Protoxide of nickel 


The hydrated oxide when collected upon a filter is apple-green, and 
retains its colour when washed and dried, becoming pulverulent: it may 
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be obtained in crystals by boiling carbonate of- nickel in ammonia; car- 
bonate of ammonia and hydrated oxide of nickel are formed. (Tupputt.) 
It consists of | 
Proust. 
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Hydrated protoxide of nickel 45 100 100 


PEROXIDE oF NICKEL. SEsQUIOXxIDE oF NICKEL. (nic +11 0.) —If 
excess of chlorine be passed through a mixture of the hydrated oxide and 
water, a black powder is gradually formed, which, when acted upon by 
sulphuric acid, evolves oxygen, and returns to the state of protoxide: 
with hydrochloric acid it yields chlorine. Ammonia dissolves it with 
the evolution of nitrogen, and forms a solution of the protoxide. It is 
not a salifiable base. It consists of 


ee Rothoff. Lassaigne. 
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Sesquioxide of nickel 1 -40 100 100°00 100-00 


CHLoRIDR oF NicKet. (nic + ¢.)—When finely-divided nickel is 
heated in chlorine, the gas is absorbed, the metal burns, and a golden- 
coloured chloride results. This compound may also be obtained by dis- 
solving nickel or its oxide in hydrochloric acid, evaporating to dryness, 
and heating the residue to redness in a glass tube; it then remains in the 
form of a yellow lamellar substance, volatile at a high red-heat, which 
dissolves in hot water, and leaves on evaporation a confusedly crystalline 
mass, of an apple-green colour and sweetish taste. Chloride of nickel 
consists of 
Nickel) *7'"3 1 eh Ae agree eae 
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Chloride of nickel 


64 100°0 

__AMmonto-cHLoripE or Nicxet.—100 parts of anhydrous chloride of 
nickel absorb 748 of ammonia, becoming a bulky white powder which 
yields a blue solution with water. (H. Rosr, Ann. de Ch. et Ph., uxii. 31 7 
_ When hydrochlorate of ammonia and chloride of nicked are dissolved 
together in atomic proportions, a very soluble and difficultly-crystallizable 
double salt is obtained on evaporation. (Tuprutt.) 


lopipr or NickeL may be formed by adding solution of iodide of 
potassium to sulphate or nitrate of nickel; it falls in the form of a 
greenish-yellow precipitate. According to Lassaigne, when nickel and 
iodine are heated together in a glass tube, a brown fusible mass is formed, 
containing about 24 per cent. of nickel. 


BromipE or Nicxet.—The vapour of bromine is absorbed by filings 
of nickel, forming a brown compound; when heated it. assumes the 
appearance of auwrum musivum, and at a very high’ temperature it partly 
sublimes in yellow micaceous scales, and begins to decompose. This 
bromide is also formed when nickel and bromine are boiled in water 3 the 
solution is green, becomes brown by evaporation, and yields small 
whitish acicular crystals, very deliquescent. The solution of bromide of 

3H2 
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nickel exposed to the air, deposits flocks of oxide of nickel: evaporated 
to dryness a reddish deliquescent bromide remains, soluble in alcohol, 
ether, hydrochloric acid, and ammonia. At a high red-heat in contact 
of air it is decomposed, bromine is evolved, and oxide of nickel remains. 
(Dumas.) nae 3 ae 

Frvorie or Nicket, obtained by dissolving the hydrated oxide in 
hydrofluoric acid, yields green irregular crystals, and forms double salts 
with ammonia and with potassium. 


Nirrate or Nicxey.—Nitric acid acts upon nickel with disengage- 
ment of nitric oxide, and a bright green solution of protoxide is obtained, 
which by careful evaporation yields prismatic crystals of protonitrate 
of nickel: exposed to heat, part of the acid may be driven off so as to 
leave a green insoluble subnitrate, and this at a higher temperature is 
decomposed, peroxide, or ultimately protoxide, of nickel remaining. The — 
crystals of nitrate of nickel effloresce in dry air, but deliquesce ina damp ~ 
atmosphere; they are soluble in.2 parts of water at 60°, and also in 
alcohol: they consist, according to Thomson, of } 
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Crystallized nitrate of nickel 1 135 100-0 


~  Ammonra AND OxipE or Nicxei.— When hydrated oxide of nickel 
is digested in ammonia it readily dissolves and forms a deep-blue solution, 
the shade of which is paler when the oxide predominates. When heated, 
it deposits granular crystals of hydrated oxide: exposed to air, it gra- 
dually deposits ammonio-carbonate of nickel. The fixed alkalis throw 
down oxide of nickel, combined with the alkali used. 


AMMONIO-NITRATE OF NickEL.—When ammonia is added in excess 
to nitrate of nickel and the solution evaporated, green crystals of this 
double salt are obtained: the alkalis do not render their solution turbid, 
but the hydrosulphurets throw down the nickel. (Tuenarp, Ann. de Ch.,. 
xiii. 245.) | | A 

SunpiuReT oF NIcKEL (nic +) may be formed by fusion, or by | 
heating oxide of nickel with sulphur, or by passing sulphuretted hydro- 
gen over the heated protoxide. It is yellow, and resembles pyrites. 
‘When sulphuretted hydrogen is passed into a perfectly neutral solution — 
of nickel, a part of the metal falls in the form of a black hydrated sul- 
phuret; if the solution be acid, the metal is not thus precipitated: hence 
the method of separating nickel from certain other metals, such as copper 
and arsenic, the precipitation of which is not prevented by excess of acid. — 
When acetate of nickel is decomposed by sulphuretted hydrogen, the sul- 
phuret of nickel has a peculiar brilliant metallic lustre. The hydrated 
sulphuret may be dried at 212° without losing its combined water. A 
sulphuret of nickel is also thrown down, when the soluble salts of nickel 
are decomposed by sulphuret of potassium. There is also a native sul= — 
phuret of nickel, which occurs in capillary filaments, of a yellow-gray — 
colour. It is the hair-pyrites of the Germans. Sulphuret of nickel 


consists of 
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A subsulphuret of nickel is formed, according to Arfwedson, when 
hydrogen is passed over sulphate of nickel at a red heat, sulphurous acid 
and water being evolved: it is fusible and magnetic. Berthier obtained 
the same sulphuret by heating sulphate of nickel in a crucible lined with 
charcoal. é 

Neither the Hyposulphite, the Sulphite, nor the Hyposulphate of 
nickel have been examined. 


SULPHATE OF NickeLt (Nic+5$/) is formed by dissolving the oxide 

‘or carbonate of nickel in diluted sulphuric acid: concentrated sulphuric 
acid acts with difficulty on nickel even at a boiling heat. This salt yields 
emerald-green prismatic crystals, the form of which varies, depending, 
according to Phillips and Cooper (Ann. of Phil., xxii. 489), upon varia- 
tions in the water of crystallization; it is soluble in about 3 parts of 
water at 60°, and efflorescent by exposure; its taste is sweet and astrin- 
gent; it is insoluble in alcohol and in ether. Exposed to heat, the 
crystals crumble down into a yellow powder; at a white heat the acid is 
expelled, and protoxide remains. It has been observed by Mitscherlich, 
that when the ordinary crystals (containing 7 atoms of water) are exposed 
in a close glass vessel to the sunshine, or when they are long kept, they 
become a congeries of small octoédral crystals, which are opaque, but 
retain the original quantity of combined water. This sali is sometimes 
obtained hy heating common nickel in sulphuric acid, with the occa- 
sional addition of nitric acid; though it is seldom pure when thus 
prepared. The anhydrous salt consists of By ra Thee 


Oxide of nickel . ° e . * 1 . ° 36 ° a 47°4 e e 47°8 ® e 466 
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Anhydrous sulphate of nickel 1 76 100°0 100°0 100-0 


The crystallized sulphate consists of 
. Tupputi. Mitscherlich. R. Phillips. 
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Crystals of sulphate of nickel 


SuLpHate or AmMMonrIA AND NIcKEL is formed by evaporating a mixed 
solution of sulphate of ammonia and sulphate of nickel; it forms four- 
sided prismatic crystals, of a green colour, soluble in 4 parts of cold water, 
and consisting, according to Mitscherlich, of 1 atom of sulphate of ammo- 
nia, 1 of sulphate of nickel, and 8 of water. 100 parts of anhydrous 
sulphate of nickel absorb 65°91 of ammonia, evolving much heat, and 
forming a bulky white compound, with a tinge of violet. (H. Rosz, Ann. 
de Ch. et Ph., txii. 312.) Fey. 


SutpHATE or Porassa AND Nicket is obtained by adding potassa to 
sulphate of nickel (not in excess), filtering and evaporating; or by mixing 
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and evaporating the solution of sulphate of nickel, and sulphate of potassa. 
It forms pale green rhomboidal crystals, (Brooxs, Ann. of Phil., vi. 438,) 
of a sweetish and bitter taste, soluble in 9 parts of cold water. (Tupputt, 
Ann. de Chim., uxxviii. and nxxix.) It has been analyzed by Mitscherlich, 
and by Cooper (Ann. of Phil., vi, 440), and consists of 

Mitscherlich. Cooper. 
Potassa Spesar gntens aed « 48 . « 220 . « 2168. « 2048 
Oxide, of nickel a erbigeiwekt ete OHH es) we e4G:G er ARS eee ee 
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Sutpuate of Nicket AND Iron is formed by mixing the solution of 
the two sulphates, or by dissolving the mixed protoxides in sulphuric 
acid, and evaporating the solution, It is a green efflorescent salt, in 
tabular crystals. 


Suneuatre or Nicken anp Zinc is formed by mixing atomic propor- 
tions of the two sulphates in solution and evaporating: it forms prismatic 
crystals of a pale green colour, soluble in 3 parts of water at 60°, and 
efflorescent. (Tuprrutt.) 


SeLenturet or Nicket has not been examined. Selenite of Nickel 
is.a white insoluble powder whilst moist, but becomes pale green when 
dried. The diseleniie is soluble, and yields a green gum.like residue on 
evaporation. ee | | 

Puospuuret oF Nicket is a brittle whitish compound, decomposed hy 
exposure to heat and air. It is formed by the action of phosphorus upon 
red-hot nickel, and is more fusible than the pure metal. It contains, 
according to Pelletier, 83 nickel + 17 phosphorus; according to Lampa- 
dius, 87 nickel + 13 phosphorus. . 


Hypopnosruire AND PHospnite of NICKEL remain unexamined. 


PuospHate oF NickeL, being nearly insoluble, is precipitated upon 
adding phosphate of soda to a solution of nickel. It is ofa pale-green 
colour. Digested in phosphate of ammonia, a triple ammonio- phosphate 
of nickel is formed: it is insoluble in water. 


CaARBURET oF NICKEL occasionally remains in the form of a shining 


powder, when a button of the metal, which has long been fused in the - 


contact of carbon, is dissolved in nitric acid. (Ross and Irvine, Ann. of 
Fiily 33.) | 2a 


CARBONATE OF NICKEL is precipitated in the form of a green powder, 


when carbonate of soda is added to sulphate of nickel. When Cog 


washed with boiling-water it becomes nearly black. Dried in the air ¢ 


the temperature of 60°, it retains its green colour. It dissolves in excess 


of carbonic acid. It has been analyzed by Thomson and by Berthier, its 
components when dried at 60° being 7 i 
Oxide of nickel 


1 
Carbonic acid . Ie Ms a 
Water yee ° . 3 e ° 27, 8 ° 29°3 
1 


Carbonate of nickel 


ALLOYS OF NICKEL 807 


According to Berthier a hydrated sesquicarbonate of nickel, (nic +0) 
+13 (Car 4+20)+-59, is formed when a salt of nickel is decomposed by 
bicarbonate of soda: it is a very light greenish powder, not altered by 
desiccation. 


AMMoNIO-CARBONATE or Nickex is a very soluble and difficultly- 
crystallizable salt. If its solution be heated, carbonic acid and ammonia 
are evolved, and hydrated oxide of nickel is thrown down. 


Borate or Nicks is a pale-green insoluble compound, easily formed 
by double decomposition: it is soluble in the stronger acids. 


Cyanuret or Nicket is thrown down when a soluble cyanuret is 
added to a solution of nickel, or when hydrocyanic acid is mixed with 
acetate of nickel. A potasso-cyanuret of nickel is formed when moist 
cyanuret of nickel is dissolved in cyanuret of potassium: it yields on 
evaporation yellow rhombic prisms, Similar double cyanurets may be 
formed with other bases: they were discovered by Wohler. ; 


Frerrocyanuret oF Nicket is precipitated in the form of a gray or 
greenish powder when solution of ferrocyanuret of potassium is added to 
the soluble salts of nickel. | 


Autoys or Nicxen.—Of these alloys, there is one which requires 
particular notice, namely, that with iron, which forms a principal metallic 
ingredient in most aérolites, or meteoric stones. ‘Though we really know 
nothing of the source or origin of these bodies, it has been ascertained 
upon satisfactory evidence, that they are not of terrestrial formation; and, 
consequently, their visits to the surface of our planet have awakened 
much speculation, and some experimental research. 

In the first place, it deserves to be remarked, that we have evidence 
of the falling of stony bodies from the atmosphere in various countries, 
and at very remote periods. Such events have been recorded by the most 
accredited of the early historians. The first tolerably accurate narration 
of the fall of a meteoric stone. relates to that of Ensisheim, near Basle, 
upon the Rhine. The account, which is deposited in the church, runs 
thus: “ A.D. 1492, Wednesday, November 7, there was a loud clap of 
thunder, and a child saw a stone fall from heaven: it struck into a field 
of wheat, and did no harm, but made a hole there. The noise it made 
was heard at Lucerne, Villing, and other places: on the Monday, King 
Maximilian ordered the stone to be brought to the castle, and after 
having conversed about it with the noblemen, said the people of Ensisheim 
should hang it up in their church, and his Royal Excellency strictly 
forbade anybody to take anything from it. His Excellency, however, 
took two pieces himself, and sent another to Duke Sigismund of Austria, 
This stone weighed 255 lbs.” 

In 1627, 27th November, the celebrated Gassendi saw a burning 
stone fall on Mount Vaisir, in Provence: he found it to weigh 59 lbs. 
In 1672, a stone fell near Verona, weighing 300 lbs. And Lucas, when 
at Larissa, in 1706, describes the falling of a stone, with a loud hissing 
noise, and smelling of sulphur. In September, 1753, De Lalande wit- 
nessed this extraordinary phenomenon near Pont de Vesle. In 1768, no 
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less than three stones fell in different parts of France. In 1790, there 
was a shower of stones near Agen, witnessed by M. Darcet, and several 
other respectable persons. And on the 13th of December, 1795, a stone 
fell near Major Topham’s house, in Yorkshire; it was seen by a plough- 
man and two other persons, who immediately dug it out of the hole it 
had buried itself in: it weighed 56lbs. We have various other and 
equally satisfactory accounts of the same kind. All concur in describing 
a luminous meteor, moving through the air in a more or less oblique 
direction, attended by a hissing noise, and the fall of stony or semi- 


metallic masses, in a heated state. We have, however, evidence of another 


kind, amply proving the peculiar origin of these bodies. It is, that 
although they have fallen in very different countries, and at distant 
periods, when submitted to chemical analysis, they all agree in component 
parts; the metallic particles being composed chiefly of iron and nickel: 
the earthy of silica and magnesia. 

Large masses of zative iron have been found in different parts of the 
world, of the history and origin of which nothing very accurate is known. 
Such are the great block of iron formerly at Elbogen, in Bohemia; the 
large mass discovered by Pallas, weighing 1600 lbs., near Krasnorjark, 
in Siberia; that found by Goldberry, in the great desert of Zara, in 
Africa; probably, also, that mentioned by Mr. Barrow, on the banks of 
the Great Fish-river in Southern Africa; and those noticed by Celis, 
Humboldt, and others in America, of enormous magnitude, some exceed~ 
ing 30 tons in weight. That these should be of the same source as the 
other meteoric stones, seems at first to startle belief; but when they 
are submitted to analysis, and the iron they contain found alloyed with 
nickel, it no longer seems credulous to regard them as of meteoric origin. 
We find nothing of the kind in the earth. Two blocks of such iron 
were, in fact, observed to fall from a meteor, at Hradschina, near Agram, 
in Croatia, in 1751. In Urr’s Chemical Dictionary there is a full chro- 
nological list of meteoric stones. (Art. Mrrzororite.) See also Annals 
of Philosophy, N.8., vol. xii., p. 83. 


To account for these uncommon visitations of metallic and lapideous. 


bodies, a variety of hypotheses have been suggested. 
Are they merely earthy matter, fused by lightning? Are they the 
offspring of any terrestrial volcano? ‘These were once favourite notions; 


but we know of no instance in which similar bodies have in that way - 


been produced, nor do the lavas of known volcanos in the least resemble 
these bodies; to say nothing of the inexplicable projectile force that 
would here be wanted. Those who have taken up this conjecture, have 
assumed one impossibility to account for what they conceive to be 
another, namely, that the stony bodies should come from any other source 
than our own globe. 

The notion that these bodies come from the moon, is, when impar- 
tially considered, neither absurd nor impossible, for any power which 
would move a body 6000 feet in a second, that is, about three times the 
- velocity of a cannon-ball, would throw it from the sphere of the moon’s 

attraction into that of our earth. The cause of this projectile force may 
be a volcano, and if thus impelled, the body would reach us in about 


two days, and enter our atmosphere with a velocity of about 25,000 feet 


ee ree ee” | ee 


‘ 
5 
+“? 


—— Se” 6S PSP a a)" 


-METEORIC STONES. 809. 


inasecond. Their ignition may be accounted for, either by supposing 
the heat generated by their motion in our atmosphere sufficient to ignite 
them, or by considering them combustible, and ignited by contact of air. 

While we are stating the possibility of these opinions, it may be 
remembered, that, in the great laboratory of the atmosphere, chemical 
changes may happen, attended by the production of metals, though this 
is highly improbable: the disruption of small planetary bodies is a more 
plausible hypothesis. 

Meteoric stones have generally an uneven black surface, and are inter- 
nally of a gray colour and coarse texture. When carefully examined, 
most of them appear made up of a number of small spherical bodies and 
metallic grains imbedded in a softer matter, composed, according to 
Mr. Howard (Phil. Trans., 1802), of silica, magnesia, and iron with a 
little nickel; the spherical bodies are nearly of similar composition; and 
the metallic grains are partly meteoric iron, and partly the same with a 
little sulphur. In addition to these substances, Vauquelin found 2 per 
cent. of chrome in a stone which fell at Langres, in 1815. (Ann. de. 
Ch. et Ph., i. 53.) And Stromeyer detected cobalt in the meteoric iron 
from the Cape of Good Hope. (THomson’s Annals, ix.) Lime and 
alumina have also been found in them, and a small proportion of manga- 
nese. M. Laugier has announced the existence of a meteoric stone 
without nickel, but containing chrome; and as he has detected the latter 
metal in all the aérolites which he has examined, he considers it as their 
most characteristic ingredient. (Mém. du Muséum, vi., p. 233.) 

In meteoric iron the proportion of nickel varies considerably. Ina 
specimen from the Arctic region I found 3:2 per cent. (Quart. Jour., vi. 


369.) %In that from Siberia, Mr. Children found nearly 10 per cent. 


The analysis may be performed by solution in nitro-hydrochloric acid; the 
iron is thrown down by excess of ammonia in the state of peroxide; it 
is separated by filtration, washed and dried; and on evaporating the. 
filtrated liquor, and heating its dry residue red-hot, the oxide of nickel 
is obtained, which should be redissolved in nitric acid, and precipitated 
by pure potassa, the mixture being boiled for a few seconds. (CHILDREN, 
Quart Jour., ix. 324.) The following are some further analyses of native 
iron. (THomson’s Mineralogy, i. 432.) 


Klaproth. M. de Rivero and Boussingault. 
Sclavonia. Siberia. From the Andes. 
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Meteoric iron has been imitated by fusing iron with nickel. The 
alloy of 90 iron with 10 nickel is of a whitish-yellow cast, and not so 
malleable as pure iron. The alloy with 3 per cent. of nickel is perfectly 
malleable, and whiter than iron. These alloys are less disposed to rust 
than pure iron, but nickel alloyed with steel increases the tendency to 
rust: (Sropart and Farapay, Quart. Jour. of Science and Arts, ix.) 

Nothing is known of the alloys of nickel with potassium, sodium, 


manganese, zinc, or tin. With copper, it forms a hard white alloy; the © 


white copper of the Chinese, or Pakfong (p. 826), which consists, according 
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to the analysis of Dr. Fyfe, of 40:4 parts of copper, 31°6 of nickel, 25°4 of 


zine, and 2‘6 of iron. A similar alloy is often used as a substitute for: 


silver, or for plated articles, under the name of German silver: it should. 
consist of 1 part of nickel, 1 of zinc, and 2 of copper; or, when intended 
for rolling, of 25 parts of nickel, 20 of zine, and 60 of copper; to which, 
if for casting, 3 of lead may be added. (Gursporr, Quarterly Journal, 
i., 1827, 483.) The following details respecting the alloys of nickel are 
from a pamphlet on the subject by Messrs. Topping. (London, 1836.) 


The metals referred to should be as pure as possible. (1.) Common 
German Silver.—Copper 8, Nickel 2, Zinc 33. This is the commonest, 


that can be made, with any regard to the quality of the article produced, 
It might do for wire, for common purposes. If the quantity of the nickel 
be reduced much below this, the alloy will be little better than pale 
brass, and tarnish rapidly. (2.) Good German Silver.—Copper 8, 
Nickel 3, Zinc 33. This is a very beautiful compound. It hag the 
appearance of silver a little below standard; by some persons it is even. 
preferred to the more expensive compounds. We strongly recommend 
manufacturers not to use a metal inferior to this. (3.) Electrum.— 
Copper 8, Nickel 4, Zinc 33. This is the compound we first introduced. 
We still prefer it to any of the others, and we think the public in general 
would do the same. Ithas ashade of blue, like very highly-polished sil- 
ver: it tarnishes less easily than silver. (4.) Copper 8, Nickel 6, Zine 33. 
This is the richest in nickel that can be made, without injuring the 
mechanical properties of the metal. It is a very beautiful compound, 
but requires a higher heat for fusion than the preceding, and will be 
found rather more difficult to work. (5.) T'ulenag.—Copper 8, Nickel 
3, Zine 61. These proportions we originally obtained by analyzing a 
piece of Chinese tutenag, of the best ordinary quality; but have seen 
some rare specimens of Chinese tutenag equal to electrum, No. 3. This 
alloy is very fusible, but very hard, and not easily rolled: it is best 
adapted for casting. A variety of articles are now plated with nickel by 
electrolytic precipitation from a solution of sulphate of nickel, the process 
being in all respects similar to that in which copper is used (p. 303). 


Cuaractars of tHE Saurs or Nicxer.—These salts have a rough 
metallic taste, and excite vomiting when swallowed in sufficient quantity. 
They are recognised by the peculiar green colour of their aqueous solu- 
tions, by the green precipitate which they afford with the fixed alkalis 
and their carbonates, and by giving a green precipitate with ammonia, 
soluble in excess of that alkali, when it assumes a blue colour. The 
yellow-green precipitate afforded by iodide of potassium, is very charac- 
teristic of nickel; but the nicest test of its presence is the ferrocyanuret 
of potassium, which produces a pale-gray or greenish-white precipitate in 
all the neutral solutions of the metal. To detect the presence of nickel 
in iron, Dr. Wollaston recommends that a small portion, which need not 
exceed ‘01 of a grain, should be filed from the sample, and dissolved in 
a drop of nitric acid; evaporate this to dryness, and add a drop or two 
of liquid ammonia, which, when gently warmed, will dissolve any oxide 
of nickel that may be present. The transparent part of the fluid is then 


to be conducted by the end of a glass rod to a smiall distance from the- 


precipitated oxide of iron, and: mixed with a drop of the ferrocyanuret, 
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which, if nickel be present, will cause an immediate milkiness, not dis- 
cernible when a solution of common iron is formed and treated in the 
same way. It must, however, be recollected in using this test, that the 
ferrocyanuret precipitate is taken up by excess of ammonia, giving a 
reddish solution, which, as the ammonia evaporates, forms a flocculent 
deposit of a silky appearance and of a buff tinge. Nickel is not precipi- 
tated in a metallic form by any metal except iron, which is slow and 
imperfect in its operation. Zinc, immersed in a solution of chloride of 
nickel, becomes covered with a suboxide, or a mixture of the metal and 
its protoxide. The acid solutions of nickel are not precipitated by sul- 
phuretted hydrogen, nor by ammonia; the latter renders them blue. 
The alkaline sulphurets give black precipitates of hydrated sulphuret of 
- nickel, which is slightly soluble in excess of those precipitates. Nickel 
has a great tendency to form double salts, which are only partially 
decomposed by the alkalis. 

Before the blowpipe oxide of nickel becomes black at the extremity 
of the exterior flame, and in the interior greenish-gray. It is dissolved 
readily, and in large quantity, by microcosmic salt. The glass, while hot, 
is a dirty dark-red, which becomes paler and yellowish as it cools. After 
the glass has cooled, it requires a large addition of the oxide to produce 
a distinct change of colour. It is nearly the same in. the exterior and 
interior flame, being slightly reddish in the latter. Nitre added to the 
bead makes it froth, and it becomes red-brown at first, and afterwards 
paler. It is easily fusible with borax, and the colour resembles the 
preceding. When this glass is long exposed to a high degree of heat in 
the interior flame, it passes from reddish to blackish and opaque, then 
_blackish-gray and transparent; then paler reddish-gray and clearer; and 
lastly, transparent, and the metal is precipitated in small white metallic 
globules. The red colour seems here to be produced by the entire fusion 
or solution of the oxide, the black by incipient reduction, and the gray by 
the minute metallic particles before they combine and form small globules. 
When a little soda is added to the glass formed with borax, the reduction 
is more easily effected, and the metal collects itself into one single globule. 
When this oxide contains iron, the glass retains its own colour while hot, 
but assumes that of the iron as it cools. 


§ XV. COPPER. 


Coprer, Cuprum, or Venus, of the alchymists ( 2 ), was known in the 
early ages of the world, and was the principal ingredient in domestic 
utensils, and in the instruments of war, previous to the discovery of 
malleable iron. The word copper is derived from the island of Cyprus, 
where it was first wrought by the Greeks. It is found native, and in 
various states of combination. Of its ores, the oxide, chloride, sulphuret, 
sulphate, phosphate, carbonate, and arseniate, are the most remakable. _ 

The metal may be obtained perfectly pure by dissolving the copper of 
commerce in nitric acid, with the addition of a little sulphuric acid; the 
solution is diluted, and a plate of iron is immersed, upon which the 
copper is precipitated; after having been previously washed in dilute sul- 
phuric acid to separate a little iron that adheres to it, it may be fused 
into a button. ) 
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Copper, with the exception of titanium, is the only metal which hasa 
ved colour: it has much lustre, is very malleable and ductile, and exhales a 
peculiar smell when warmed or rubbed. It melts at a cherry-red or 
dull-white heat; or, according to Daniell, at a temperature intermediate 
between the fusing-points of silver and gold=1996° Fahr. Its specific 
gravity varies from 8°86 to 8°89; the former being the least density of cast 
copper, the latter the greatest of rolled or hammered copper. Under a 
flame urged by oxygen gas, it takes fire, and burns with a beautiful 
green light. Exposed for a long time to damp air, copper becomes 
covered with a thin greenish crust of carbonate, If heated and plunged 
into water, a quantity of reddish scales separate, consisting of an imper- 
fect oxide. The same scales fly off during cooling from a plate of the 
metal which has been heated red-hot. Copper does not decompose water 
at a red heat. The equivalent of copper is 32. (31°6 Turner, 31°71 
GraHAM, 32 GMELIN.) . 

Native copper occurs in a variety of forms; massive, dendritic, granu- 
lar, and crystallized in cubes, octoédra, &c. It is found in Cornwall, 
Siberia, Saxony, Hanover, Sweden, and America; chiefly, but not exclu- 
sively, in primitive rocks. 


Copper AND OxycEN. DroxipE or Coprrr.— There is only one 
salifiable oxide of copper, which, therefore, is generally regarded as the 
protoxide ; but there is a suboxide, or dioxide (2CU+0), which occurs 
native, and which may be formed artificially, not by the direct oxidize- 
ment of copper, but by processes in which oxygen is abstracted from the 
protoxide. The following are the methods by which this suboxide may 
be obtained:—J. By heating 5 parts of peroxide with 4 of very finely 
divided metallic copper; or, according to Turner, by arranging thin copper 


plates one above the other, with interposed strata of the black oxide, and. 


exposing them toa red heat carefully protected from the air. 2. By 
boiling a solution of acetate of copper with sugar, by which the protoxide 
of the acetate is reduced to the state of suboxide, and separates in the form 
of a red powder. 3. By fusing dichloride of copper with carbonate of 
soda, and washing and drying the residue. 4, By fusing a mixture of 
100 parts of crystals of sulphate of copper, with 57 of crystals of carbon- 
ate of soda; when the water is expelled, the mass is reduced to powder, 
mixed with 25 parts of copper-filings, and exposed to a white heat for 
about 20 minutes; the residue is then pulverized, washed, and dried: it 
is of a red colour, the tint being improved by trituration and washing. 
This, which is Malaguti’s process, is the most economical and yields the 
best product. (Ann. de Ch. et Ph., uiv. 216.) 5. Hydrated suboxide of 
copper is precipitated in the form of a dingy orange-coloured or brown 
powder, when a hot solution of subchloride of copper is decomposed by 
potassa: if dried in vacuo it becomes reddish-brown. 6. When sulphate 
of copper and protosulphate of iron are dissolved in water and precipitated 
by an alkali, dioxide of copper and peroxide of iron are thrown down: the 
former may be separated by digestion, out of the contact of air, in ammonia, 
which gives a colourless solution. (Levon, Ann. de Ch. et Ph., txv. 320.), 

When this oxide is intensely heated out of contact of air, it frequently 
happens that small octoédral and cubic crystals are formed in it; the 
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sanie thing was observed by Chenevix, on exposing peroxide or hydrate 
of copper to a violent heat, in an open crucible, without addition; asemi- 
fused mass, resembling native red copper, was obtained. (Phil. Trans., 
1801.) The dilute acids resolve this oxide into metallic copper and per- 
oxide; it dissolves in concentrated hydrochloric acid; it also dissolves in 
ammonia, as will presently be explained; it is not soluble in solutions of 
potassa or of soda. 

This compound may be regarded as consisting of 1 atom of copper 
and 1 of protoxide; or of ; 
; Chenevix. Berzelius: 


COpper ste es 2. OF ss Cad wee BOON a bs GOUT 
Oxygen sr ae err PORT eek Bho VT Pe OE ae oe EOS 


| Dioxide of copper 1 72 100°0 1000 100-00 


Copper vessels, such as tea-urns, &c., and medals, are often super- 
ficially coated with this oxide, or bronzed; it gives them an agreeable 
appearance, and prevents tarnish. Tor this purpose two processes are 
resorted to:—1. The copper surface is cleaned, and then brushed over 
with peroxide of iron (generally colcothar) made into a paste with water, 
or with a very dilute solution of acetate of copper; heat is then cautiously 
applied in a proper furnace or muffle, till it is found, on brushing off the 
oxide, that the surface beneath has acquired its proper hue. 2. 2 parts: 
of verdigris and 1 of sal-ammoniac are dissolved in vinegar: the solution 
is boiled in a pipkin, skimmed, and diluted with water till it only tastes 
slightly of copper and ceases to deposit a white precipitate; it is then 
poured into another pipkin or copper-pan, and rapidly brought to boil, 
and the medal, previously rendered bright, and perfectly clean, is dipped 


into the boiling solution, which may be most conveniently done by 


placing it in a small perforated copper-ladle or wire-colander made for 
the purpose: the surface of the medal becomes at first black or dark-blue, 
and then (in about 5 minutes) acquires the desired brown tint; it must 
then be instantly withdrawn, (otherwise it changes colour,) and washed 
in a stream of water so as perfectly to remove all soluble matters from its 
surface; and lastly, very carefully wiped and dried. The medal is generally 
perfected by afterwards giving it one gentle pinch between the dies, in the 
coining-press. When there are many medals, each must be done sepa- 


rately, as they must not be allowed to touch each other, and care should 
be taken to rest them upon as few points of contact as possible. The 


bronzing-liquid also must not be suffered to concentrate by evaporation, 
but must be diluted if necessary, so as to keep it in a proper state, and 
especially to avoid all appearance of a white precipitation in it. It is 
better that the process should be too slowly than too rapidly effected. 
Medals and yoltatypes may also be bronzed by covering their surface with 
plumbago, heating them to dull redness, and then brushing the surface 
till it acquires the desired tint. 


Native Oxide of Copper, or Ruby Copper, is of a red or steel-gray 
colour, soft and brittle, and occurs massive, and crystallized in octoédra, 


dodecaédra, and cubes. Its specific gravity is 5°8 to 6. There is a beau- 


tiful variety in fine capillary crystals; and another, which is compact and 
earthy, called Zt/e Ore. Cornwall abounds in fine specimens of this ore. 


i 
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Protoxiph or Copper (CU+ 0) or Cu.—When copper is exposed to 
heat and air, its surface tarnishes, acquiring a yellow and then a violet 
colour, and at a high temperature black scales form upon it, which are 
thrown off on plunging it into water, or which fly off as it cools, in con- — 
sequence of the rapid contraction of the metal. When these scales are 
reduced to a fine powder, and stirred in contact of air at a red heat, they 
yield the protoxide of copper. When nitrate of copper is exposed to 
heat gradually raised to redness, it fuses and is decomposed, and ulti- 
mately this oxide remains. 

Protoxide of copper is black, or bluish, or brownish-black: its speci- 
fic gravity is 6-4. Before the blowpipe, it fuses when intensely heated 
by the tip of the flame, upon charcoal: by the interior of the flame it 
readily affords a globule of metal. It is very easily decomposed at a dull 
red-heat, by hydrogen and by carbon; and consequently also by organic 
substances: hence its use in organic analysis; it is very hygrometric, and 
hence if weighed whilst hot, it generally augments in weight after cooling 
in consequence of the absorption of aérial moisture. It is insoluble in 
water, but it dissolves in, or combines with, the greater number of the 
acids, and is the basis of all the common salts of copper. When alkalis 
are dropped into its solutions, they throw it down as a bulky blue hydrate, 
which, however, is not permanent at a boiling heat, but becomes black 
and anhydrous. This oxide of copper is not soluble in the liquid fixed 
alkalis; but when carbonate of potassa or of soda are fused with it, it 
expels-carbonic acid, and combines to form a blue or green compound. 
Its combination with ammonia will presently be noticed. It communi- 
cates a green, and sometimes a blue tint to vitreous compounds; and Sir 
Hi. Davy has shown that it is the basis of certain colours used by the 
ancients, which had been supposed to contain cobalt. (Phil. Trans., 
1815.) It consists of 


Proust: Berzelius. Gay Lussac. 
2 80. 80 , 80°13 . 60:28 
By. Be Oe Pe bay ee be ae 


——- 


Copper nite) Saag: 
Oxygen rors Yen? 
1 


Oe 


40 100 100 100°00 100:00 


Protoxide of copper 


This oxide is sometimes considered as a deutoxide (CU+20), and the 
dioxide as a protoxide: in this case 64 becomes the equivalent of copper. 
Gmelin and Berzelius, however, regard the salifiable oxide as the prot- 
oxide, or as constituted of 1 atom of copper and 1 of oxygen: Turner 
also has adopted this view, and urges in favour of it, 1. That the general 
characters of a suboxide belong to the red oxide; 2. That the equivalent 
of copper deduced from its specific heat (p. 163) is 32; and, 3. That the 
salts of the black oxide of copper are isomorphous with those of the prot- 
oxide of iron; which gives a strong presumption that those oxides pos- 
sess the same atomic constitution. To these arguments it may be added, 
that the electro-chemical equivalent of copper appears to be 32. 


Hypratep Proroxipr or Copper, as thrown down from a solution 
of sulphate of copper by potassa or soda, is at first of an agreeable blue 
colour, but this soon changes to green, especially if it be dried; when it 
is used as a pigment, or colour for paper-staining, it is rendered more 
permanent by mixing it with glue or size, and chalk or alumina are also 
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generally added: it: however soon acquires a green tinge. Dumas gives 
the following process for preparing a blue colour with this hydrate: 6 
parts of sulphate of copper and 3 parts of chloride of calcium are dissolved 
in separate portions of water; the solutions are then mixed, and when the 
sulphate of lime has subsided the solution of chloride of copper is poured 
off and mixed with cream of lime, containing 14 parts of quicklime: the 
mixture is well agitated, and the greenish precipitate which falls, and 
which is an oxichloride of copper, being well drained, is ground up with 
a fourth part of lime and a fourth part of potash of commerce, so as to 
form a mixture of proper consistency. When this paste is put into 
bottles, a fourth part of sal-ammoniac and half a part of sulphate of copper 
are added to improve the colour, which however cannot be depended on, 
as it is apt to become green when dry, so that it is generally sold in the form 
of paste, to avoid the risk of desiccation. 


Coprer AND Cutorine.—Gaseous chlorine acts upon copper with 
great energy, and produces éwo chlorides; the one a comparatively fixed 
fusible substance, which is the dichloride: the other a yellow substance, 
which is a protochloride. 


DicHtorIpE or Copper (2CU-+C) was first described by Boyle in 
1666, under the name of Rosin of Copper. It was afterwards examined 
by Proust, who called it White Muriate of Copper. (Ann. de Chimie, 
xxvii, 218.) It may be obtained by exposing copper-filings to the action 
of chlorine not in excess: or by evaporating the solution of dioxide -of 
copper in hydrochloric acid, and heating the residue in a vessel with a 
very small orifice; or by heating the protochloride in the same way. It 
is also the residue of the distillation of a mixture of 2 parts of corrosive 
sublimate and 1 of copper-filings. When protochloride of tin is added 
to any of the soluble salts of copper, or when copper-filings and the prot- 
oxide are digested in hydrochloric acid, this dichloride is also formed. It 
is insoluble in water, but soluble in hydrochloric acid, from which potassa 
throws down the hydrated dioxide. When water is added to its hydro- 
chloric solution, it is thrown down in the form of a white granular 
- hydrate: its colour varies, being generally dark-brown; but if fused and 
slowly cooled, it is yellow, translucent, and crystalline: it must be pre- 
served out of contact of air. It consists of 
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Dichloride of copper 100 100 


Hypratep Dicntorie or Copper. Supmurtats or Copprr.—When — 
moistened dichloride of copper is exposed to air it acquires a greenish 
white colour, and becomes converted into a compound of chloride and oxide 
of copper, which has been termed Submuriale of copper, or Brunswick 
green; the same compound may be formed by adding hydrated oxide of 
copper to a solution of the chloride; or by exposing to the atmosphere 
slips of copper partially immersed in hydrochloric acid. This compound 
consists, according to John Davy, of 4 atoms of protoxide of copper, 1 of 
hydrechloric acid, and 3 of water. 
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Cunoripr or Copper. Prorocntoripe or Copper (CU+C) may be 
formed by dissolving protoxide of copper in hydrochloric acid, and evapo- 
rating to dryness by a heat below 400°. Dumas obtains it by decom- 
posing sulphate of copper by chloride of calcium: the sulphate of lime is 
separated by filtration, the solution evaporated to the consistence of syrup 
and mixed with alcohol, which dissolves the chloride without touching 
the sulphate. 

Protochloride of copper is brown or yellowish when dry and anhydrous, 
but becomes blue by exposure to air; it is soluble in water and alcohol 
and very difficultly crystallizable. Exposed toa red heat ina tube with a 
very small orifice, gaseous chlorine is expelled, and it becomes a dichloride. 
It readily absorbs gaseous ammonia to the amount of 56 per cent., and 
forms a blue pulverulent mass. When it is decomposed by potassa not 
added in excess, and only so as partially to decompose it, a green oxi- 
chloride is thrown down, being, according to Dumas, identical with the 
native subchloride of copper. This chloride consists of 
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OxicntoripE oF Copper is found native in Peru and Chili, some- 
times in the form of green sand, and sometimes massive and crystallized. 
The green sand was found in the river Lipas, in the desert of Atacama, 
separating Peru from Chili; hence mineralogists have termed this variety 
Atacamite. Chloride of copper has also been found upon some of the 
lavas of Vesuvius. ‘The primitive form of this substance is an octoédron. 
It is of a deep-green colour, and contains, according to Dr. Davy’s analysis, 
73 of oxide of copper, 16:2 of hydrochloric acid, and 10°8 of water; but, 
according to Dumas, 
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Cutorate or Coprer (Cu+C’) is a blue-green deliquescent salt, 
difficultly crystallizable, formed by dissolving oxide of copper in chloric 


acid. A piece of paper dipped into its solution, burns with a remarkable > 


green flame. (VAUQUBLIN.) This salt is formed, according to Chenevix, 
by passing chlorine through a mixture of oxide of copper and water. 


Supropipe or Copper. Drniopipe oF Copprer. (2CU+ 1.) —When 
iodide of potassium is added to a solution of the protosulphates of copper 
and iron, both in crystals, in the ratio of 1 to 23, the protoxide of iron 
takes the oxygen of the oxide of copper, and the iodine the metallic 
copper, with which it forms a white precipitate of the diniodide; it may 
be dried in close vessels. (‘TURNER.) 


Protiopipn or Coprrr.—When iodide of potassium is added to a salt 
of protoxide of copper, iodine is set free, and a subiodide falls; the true 
protiodide (C+?) has not yet been examined. 
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-Dreromive or Copper. (2 cu +b.)—Copper presents the same phe- 
nomena with bromine as with chlorine; the dibromide is insoluble in 
water, but soluble without decomposition in hydrochloric acid: sulphuric 
_ acid has no action on it. Heated in a tube it is not decomposed, but in the 
air it gives off vapours which colour flame green, and oxide of copper 
_ remains. Ammonia dissolves it and yields a crystallizable ammonio- 
bromide. 


PRoropromipe or Copper (CU-+ 0) is formed by dissolving protoxide 
of copper in hydrobromic acid; the solution is green, but becomes brown 
by evaporation, and yields acicular crystals extremely deliquescent. Evya- 
porated to dryness, it acquires a gray metallic lustre like plumbago. 
(SERULLAS. ) 


‘Topate or Copper. (Cu-+2/.)—When solution of iodate of potassa 
is added to solutions of copper, an insoluble iodate of copper is thrown 
down. . 


FLvuorIDEe or Copper.—When hydrated dioxide of copper is added to 
hydrofluoric acid, and evaporated out of the contact of air, a fusible 
compound of a black colour while hot, but becoming red as it cools, is 
obtained, which is a difluoride of copper. It forms a dark solution in 
hydrofluoric acid, and is precipitated white by water, but becomes red when 
collected upon a filter. When carbonate of copper is dissolved in hydro- 
fluoric acid, carbonic acid is evolved, and an insoluble compound is at length 
formed, the properties of which are not very explicitly detailed by Ber- 
zelius, who alone has examined this and the preceding compound. 


Nitrate oF Copper. (Cu+2/.)—Nitric acid diluted with 3 parts 
of water rapidly oxidizes copper, evolving nitric oxide, and ultimately 
forming a bright-blue solution, which affords deliquescent prismatic 
crystals on evaporation, of a fine blue colour, caustic, and very soluble 
_ in water and in alcohol. They contain a considerable portion of water, 
which causes them to liquify at a temperature below 212°. Ata higher 
temperature they lose water and acid, becoming a subnitrate, and are 
entirely decomposed at a red heat. The anhydrous nitrate of copper 
consists of . - 
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The quantity of water contained in the prismatic nitrate amounts, accord- 
ing to Graham, to 3 atoms, but it sometimes crystallizes in rhomboidal 
plates, which contain 6 atoms of watcr. Potassa forms, in the solution 
of this nitrate, a bulky blue precipitate of hydrated oxide of copper, 
which, as already observed, when boiled in potassa or soda, becomes black 
from the loss of its combined water. When nitrate of copper is coarsely 
powdered, sprinkled with a little water, and quickly rolled up in a sheet 
of tin-foil, there is great heat produced, nitrous gas is rapidly evolved, 
and the metal often takes fire. (Hucarns, Phil. Transactions, Lxui.) If 
ammonia be added to solution of nitrate of copper, it occasions a preci- 
pitate of the hydrated oxide; but if it be added in excess, the precipitate 


oe 
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is redissolved, and a triple ammonio-nitrate of copper is produced. Itis 
a soluble erystallizable salt, which detonates slightly when heated. It is — 
best formed by passing ammoniacal gas into a saturated solution of nitrate 
of copper. According to Kane it is anhydrous, and contains 1 atom of 
nitric acid, 1 of oxide of copper, and 2 of ammonia. Graham represents 
it as an ammoniated nitrate of cuprammonium, by the formula (A+Cv) 
+(A+’), that is, as a double salt formed of 1 atom of cuprate of 
ammonia and 1 of nitrate of ammonia. When solutions of nitrate of 
copper and chloride of sodium are mixed at common temperatures, the 
mixture remains blue, and no decomposition ensues; but on raising its 
temperature to 212°, it becomes of a vivid green, indicating the forma- 
tion of chloride of copper; on again cooling, the blue colour returns, and 
this interchange of elements may be repeated any number of times. 

On evaporating the mixed solu- — 
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Nitrate of Soda 


at 212°. tions to a small bulk, chloride of 

j copper is permanently formed, and — 
Once + Sodium, rhomboidal crystals of nitrate of soda 

Nitrate of Chloride are deposited. Mr. Alfred Taylor, to — 
Copper Sotiam Whom I am indebted for this experi- d 
at 60°. at 60°. ment, illustrates it by the annexed ~ 
Coppers Chidrines diagram ; the vertical brackets point- 

ing to the state of the salts at 

Cliloride of Copper 60°, and the horizontal to yest at 

at 212°, 212°, 


SuBNITRATE OF Coprper.—When caustic potassa, not in excess, is 
added to solution of nitrate of copper, or when the salt is carefully heated — 
so as to expel part of its acid, and the residue washed, there remains an 
insoluble pale-green salt, composed of 

Berzelius. Proust. __ 

Oxide of copper. . 5 . . 200 . . 66°39 . . 660. . Gf 

Nitric acid. | oS ee ee tO OG 9s ke enemas 
Water... ee TORE PU a OE a AOR YP Se Coen re eee 
1 


Subnitrate of copper 299 100-00 100°0 100 


According to Graham, the green insoluble subsalt, produced by ~ 
exposing the neutral nitrate. to a temperature between 150° and 600°, is 
a trisnitrate, and contains 3 atoms of oxide of copper, 1 of acid, and 1 of | 
water. ‘ When oxide of copper is drenched with the most concentrated — 
nitric acid (+504) it is this subsalt, singular as it may appear, — 
which is formed, even when the acid is in great excess; the reason seems 
to be that the nitrate of water being deficient in constitutional water, — 
assumes 3 atoms of oxide of copper in its place.” ‘ 


AMMONIURET oF OxIDE oF Copper. Cupratr or AmMMonia.—If oxide. 
of copper be digested in ammonia it is dissolved, forming a bright-blue — 
solution, which, by careful evaporation, affords dark blue erystals.. A 
mixture of lime, sal-ammoniac, and water, placed in a copper vessel, or i 
mixed with oxide of copper, also affords a deep blue liquor in conse- 
quence of the action of the ammonia on the oxide of copper. ‘This 
solution is the Aqua Sapphirina of old pharmacy. 
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The dioxide of copper also dissolves in ammonia, but the solution is 
colourless; if it be exposed to air it becomes blue. This may be well 
shown by filling a tall glass with liquid ammonia, and adding a few drops 
of a solution of the dichloride of copper; the liquid presently acquires a blue 
colour upon the surface, but remains for some time colourless below. If 
clean copper-filings be digested in a well-stopped phial with liquid 
ammonia, a colourless solution of the dioxide is also formed, which 
becomes blue on momentary exposure to air. When these ammoniacal 
solutions are very copiously diluted, or when potassa is added to them, 
they are decomposed, and hydrated oxide of copper falls. 


Copper anv SurpHur. Disutpuurer or Correr, (2 Cit +S,) may be 
formed artificially, by heating a mixture of copper-filings and sulphur: 
as soon as the latter melts, a violent action ensues, the copper becomes 
red-hot, and a black brittle compound is formed. It may also be pro- 
duced by fusing sulphur with oxide of copper. It is soluble in hydro- 
ehloric acid, with the evolution of sulphuretted hydrogen; and in nitric 
acid, with the separation of sulphur. It consists of 

_ Berzelius. Vauquelin, 
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Native Disulphuret of Copper. Vitreous Copper.—This ore of copper 
is chiefly found in primitive countries. In England, it occurs in great 
beauty, crystallized and massive, in Cornwall, and in Yorkshire. Its 
colour is gray; its lustre shining and metallic; and it yields easily to the 
knife. Its primitive form is a six-sided prism, which passes into the 
dodecaédron with triangular faces, and its various modifications. A 
variety of black sulphuret of copper, containing iron and arsenic, has been 
described by Messrs. W. and R. Phillips, under the name of J'ennantite; 
its most ordinary form is the rhomboidal dodecaédron, either perfect or 
variously modified. (Quarterly Journal of Science and Arts, vii. 95.) 

t 


_ Suipuuret or Copprr. (CU+ $.)—This compound cannot be formed 
by fusion, but it is thrown down when sulphuretted hydrogen is passed 
through a solution of protoxide of copper: the precipitate is at first brown, 
but becomes black, and when dried assumes a greenish hue. In this 
state it reddens moistened litmus paper, and when heated gives off alittle 
water and sulphurous acid, and sulphur, and the disulphuret remains. It 
_ is insoluble in potassa, and in the sulphuretted alkalis. It consists of 
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FERROSULPHURETS OF CoppER.—Copper Pyrites, or Yellow Copper 
Ore, is the most important and generally occurring ore, from which the 
largest proportion of the copper of commerce is derived; it occurs in a 
variety of forms, its primitive crystal being the regular tetraédron. The 
British mines are very productive of this ore. A beautiful iridescent 
variety occurs in the Ecton mine in Staffordshire. The composition of 
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the different varieties of copper pyrites, appears in all cases to be sulphur, 


copper, and iron. The variegated copper Mr. Phillips regards as a com- 
pound of | proportional of sulphuret of iron, 2 proportionals of sulphuret 
of copper. (Ann. of Phil., iii. 87.) 


The yellow copper ore is also a double sulphuret of iron and copper: © 


and, omitting the small portion of lead and arsenic with which it is usually 
contaminated, it may be considered as a compound of 2 proportionals of 
sulphuret of iron, 1 proportional of sulphuret of copper. (Paruurrs, Ann. 
of Phil., iii. 301.) : 


Repuction oF Copper Ores.—The following is an outline of the 
process by which these ores of copper are reduced, as carried on upon a 
very large scale near Swansea, where the chief part of the Cornish ores 
are brought to the state of metal. The ore, having been picked and 
broken, is heated in a reverberatory furnace, by which arsenic and 
sulphur are driven off. It is then transferred to a smaller reverberatory, 
where it is fused, and the slag which separates, being occasionally re- 
moved, is cast into oblong masses which are used as a substitute for bricks. 


The impure metal collected at the bottom of the furnace is granulated by | 


letting it run into water: it is afterwards remelted and granulated two 
or three times successively, in order further to separate impurities, which 
are chiefly sulphur, iron, and arsenic, and ultimately cast into oblong 
pieces called pigs, which are broken up, roasted, and melted with a 
portion of charcoal in the refining furnace. Malleability is here con- 
ferred upon the copper, and its texture improved, by stirring the metal 
with a pole of green wood, generally birch, which causes great ebullition 


and agitation; assays are occasionally taken out, and the metal, originally 


crystalline and granular when cold, now becomes fine and close, so as to 
assume a silky polish when the assays are half cut through and broken. 
The metal is now cast into cakes about 12 inches wide by 18 in length: 
The whole process of refining the copper, and toughening it by poling, 
requires much care and attention; and if it be over-poled, the metal is 
even rendered more brittle than in its original state. The effect of 
poling has not been satisfactorily explained; it may consist in the sepa- 


ration of a small portion of oxide of copper, and the effect of over-poling — 
may possibly depend upon the combination of the copper with a portion — 
of carbon. Copper for brass-making is granulated by pouring the metal — 
through a perforated ladle into water; when this is warm the copper” 
assumes a rounded form, and is called bean-shot; but if a constant supply — 


of cold water is kept up it becomes ragged, and is called feathered-shot. 
Another form into which copper is cast, chiefly for exports to the Kast 


Indies, is in pieces of the length of six inches, and weighing about 8 


ounces each: the copper is dropped from the moulds, immediately on its 
becoming solid, into a cistern of cold water, and thus, by a slight 
oxidation of the metal, the sticks acquire a rich red colour on the surface. 


> Perpee pe 


This is called Japan copper. A large quantity of copper is rolled into ~ 


sheets and sheathings, both for export and home consumption. (For an — 


‘ 


excellent account of the reduction of copper, as carried on this country, — 


see Mr. Vivian’s paper, Ann. of Phil., N.S., v. 113.) 


Hyposutpnite or Copper was formed by Herschel by mixing hypo- ; 
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sulphite of potassa with sulphate of copper. It is colourless; of an 
intensely sweet taste; and, provided air be excluded, it is not turned blue 
by ammonia. (din. Phil. Journ., i. 24.) 


SULPHITE OF CopPpeR (Cu+S) may be obtained by passing sulphurous 
: cid into water, through which oxide of copper is diffused. Small red 
crystals are formed, composed of oxide of copper and sulphurous acid. 
When sulphite of potassa is added to nitrate of copper a precipitate falls, 
which assumes the form of red and yellow crystals. The former are 
sulphite of copper; the latter a triple sulphile of potassa and copper. 
(CurevrevL, Ann. de Chim., uxxxiii. 181.) 


Hyposvutpuate or Copper (Cu+$’) is formed by adding a solution 
of sulphate of copper to one of hyposulphate of baryta; it crystallizes in 
_ small prisms, very soluble in water, but insoluble in alcohol, and slightly 
effiorescent. When a little ammonia is added to its solution a green 
powder falls, which is a subhyposulphate, composed of 4 atoms of oxide, 
1 of acid, and 4 of water. The crystallized neutral hyposulphate 
_ contains 
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SULPHATE oF Copper. Roman Virrion. Brive Virrwt. (Cu+S/.) 

—This salt is easily formed by dissolving recently precipitated oxide of 
copper in diluted sulphuric acid, or by exposing copper to the joint action 
of moderately dilute sulphuric acid and air. It may also be formed by 
boiling copper in sulphuric acid, either concentrated or diluted with half 
its bulk of water, a process which furnishes abundance of sulphurous acid, 
but which is not generally had recourse to, to produce sulphate of copper. 
It is made upon a large scale, by exposing roasted sulphuret of copper to 
air and moisture, and thus obtained is impure, containing iron, and often 
zine: it is the common Olwe vitriol of commerce. It is also obtained in 
large quantities, and very pure, in certain processes afterwards to be 
described for refining gold and silver; and it is occasionally prepared by 
dissolving in sulphuric acid an oxichloride of copper made for the purpose, 
by exposing sheet copper to the joint action of air and hydrochloric 
acid. 

Sulphate of copper forms rhomboidal crystals, which are sometimes 
of very large dimensions, and of a beautiful sapphire-blue colour, doubly 
refractive, and liable to slight efflorescence in a moderately dry atmo- 
sphere: they are soluble in 4 parts of cold and 2 of boiling water: 
the density of this salt is 2°20. It has a peculiarly nauseous metallic 
taste. When heated to 212° it loses 4 atoms of its water of crystalliza- 
tion, and crumbles down into a pale blue powder: heated to 400° the 
whole of its water is expelled, and it becomes -white: in this state it 
slowly re-absorbs water from the air, and regains its blue colour; or 
if sprinkled with water much heat is evolved, and the salt crumbles 
down into a blue hydrate: by a continued high-red or white heat, sul- 
“phuric acid (anhydrous) is evolved, and oxide of copper remains. This 
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salt is the Vitriol, or Salt of Venus, of the alchymists. It is much 
used in the arts as a source of several blue and green colours. It is also — 
employed by dyers and calico-printers, and is an ingredient in some kinds 
of writing ink. It has also been used to prevent smut in corn, by steeping 
the grain in a dilute solution of the salt (Quart. Journ., xvi. 156); and 
minute quantities of it are occasionally added to bread, (in Paris especially, ) 
to improve its colour and quality. (Archives Gén. de Médecine, xxi. 145.) 
In medicine it is resorted to as a powerful emetic; and, in very minute 
doses, as a tonic. It is also a valuable external application as an astrin- 
gent, or when undiluted, as a styptic and caustic. It may be employed 
to prevent dry rot by steeping timber or planks in its solution; and it is 
a powerful preservative of animal substances, which, when imbued with 
it, and dried, remain unaltered. The waters of copper-mines often hold 
it in solution, and, when decomposed by immersing in them pieces of — 
iron, yield precipitated metallic copper, (copper of cementation.) The 
precipitation of metallic copper during the electro-chemical decom position 
of an aqueous solution of this salt, and its application in the beautiful 
process for obtaining copies of medals and other works of art, has already 
been alluded to (p. 308). 7 
The elements of sulphate of copper in its anhydrous state are 
Berzelius. 


Oxide ofcopper i906 g eT. hi. 2 ae eg ce ee 
Sulphuricpoid:; .. .. gece 2 ORD. Ve Piet OD a cee eee 


Anhydrous sulphate of copper 1 80 100 100°0 


The common rhomboidal crystals contain 
Proust. Berzelius. 


Oxide of copper 1 40° 2) 282%. 3° BE ae ES ee 
Sulphuric acid 1 40 G:\< 0 BO 4 <a Ree ee . 
Water 5 450.1, BAS 5. 9) SARS, Oe eee ; 
Crystals of sulphate of copper . 1 125 100 100 10000 | 


When a solution of sulphate of copper is made to crystallize in a 
warm place, prismatic crystals of a green colour are sometimes obtained, 
which only contain 1 atom of water of crystallization. (THomson.) 


Disutpuate or Copper. (2 Ov + $/.)—When a solution of sulphate of — 
copper is boiled for a long time with a quantity of oxide of copper equal — 
to that contained in the salt, the solution at last becomes colourless, and _ 
a green powder is deposited, containing all the oxide of copper, and all ; 
the sulphuric acid: it is therefore a disulphate. (THomson.) 

5 


TRISULPHATE OF CoprER.—When a solution of sulphate of copper is — 
precipitated by a small addition of potassa, a green, tasteless, insoluble — 
powder falls, composed of aa 
Berzelius. 2 
Oxide of copper 3 E20 FO OGRA, eres 7 
Sulphuric acid . C2 Pa PO ay SRA Foy ieee 
Water: tide emo 5 DB Roe ae ae Ae eee 

1 


187 100°00 100-00 


Trisulphate of copper 


TeTRASULPHATE oF CoppER.—When solutions of sulphate of potassa — 
and sulphate of copper are boiled together, a green powder falls, which, if 


d 
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boiled in repeated portions of water, leaves an insoluble residue, composed 
according to the analysis of Brunnen (Poggend., Ann., xv.) of 4 atoms of 
oxide of copper, 1 of sulphuric acid, and 3 of water. ‘The blueish-green 
precipitate which falls when ammonia or potassa are added in moderate 

quantity to sulphate of copper, contains, according to Kane and Graham, — 
4 atoms of oxide of copper, 1 of sulphuric acid, and 4 of water. By a 
larger quantity of potassa, Dr. Kane precipitated a clear grass-green sub- 
sulphate, containing 8 atoms of oxide of copper, 1 of sulphuric acid, and 
12 of water; this salt loses exactly half its water at 300°. (GrauHam, 

_ Elem. of Chem., 584; Kane, Trans. Royal Irish Acad., xix.) 


AMMONIO-SULPHATE OF CoppeR.—When a mixed solution of sulphate 
of copper and sulphate of ammonia is evaporated, blue soluble crystals are 
obtained, composed of 


Berzelius. Mitscherlich. 
Oe cs ro 
Ammonia. .. 1 yaa 8°5 Pod ay ALY, ane 8:14 
Oxide of copper. 1 40 eeu) sn Le, sate eal cee 5 eee 
Sulphuric acid 2 80 - 40°0 2 80. 38:27 
‘Waiter . Z Ce etl aire Os eee de 34°45 
1 200 100:0 1 209 100:00 


AMMONIO-SUBSULPHATE oF CoppEr.— When a solution of sulphate of 
copper is supersaturated by ammonia, so as to redissolve the precipitated 
oxide, dark-blue crystals may be obtained by very careful evaporation, 
forming the cuprum ammoniacale of pharmacy. When ammoniacal gas is 
conducted into a hot saturated solution of the sulphate, this salt is also 
obtained in indigo-blue crystals. Exposed for a long time to air they lose 
ammonia, and crumble down into a green powder: (a mixture of sulphate 
of ammonia and carbonate of copper.) They are soluble in 1°5 cold 
water, and insoluble in alcohol; the aqueous solution, largely diluted, 
deposits trisulphate of copper. The crystals consist of | 

Berzelius. Brandes. 
mmmonia, . . + . + «4 + 34°.) 2764.” 2640° 7 Bidz 
Oxide of copper . . 1. 40 . 32°52 . 3400 «. 33°08 
Sulphuricacid . . .. 1 . 40 . 3252 . 32:25 . 31°75 

ee rin ere at 9); 7-32) 735, ISS 


_ Crystals of subsulphate of | 1 123. 30000 - -100°00 |: 99°60 

ammonia and copper a 

_ At 390° these crystals lose 1 atom of ammonia and | atom of water, 

and are converted into a green powder (Cu-+- A+5S/). (Kanz.) Heated 

to 500° the whole of the ammonia is expelled and sulphate of copper 
remains. 

Anhydrous sulphate of copper rapidly absorbs ammoniacal gas, 
acquiring a deep blue colour, increasing greatly in bulk and evolving 
heat. 100 parts absorb 53°20 of ammonia. (H. Rosu, Ann. de Ch. et Ph., 
Lxii. 311.) | 


SuLPpHATE oF Copper AND Porassa is a double salt, formed by digest- 
ing hydrated oxide of copper in bisulphate of potassa. It crystallizes in 
rhomboids of a pale blue colour, and consists of 1 atom of sulphate of 
potassa, 1 of sulphate of copper, and 6 of water. 
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PHosPHuRET OF Copper (C+) is most easily made by dropping 
pieces of phosphorus on red-hot copper-wire. It is more fusible than 
copper. Its specific gravity is 7°12. Pelletier found it composed of 100 
copper +20 phosphorus. ; : 

Neither the Hypophosphite nor Phosphite of copper have been examined. 


PyospHate oF Copper.—When solutions of sulphate of copper and 


phosphate of soda are mixed, a bluish-green insoluble powder falls, which 


is probably a hydrated subphosphate, composed, according to Chenevix 
(Phil. Trans., 1801), of 49°5 oxide, 35 acid, 15°5 water. 


Native Phosphate of Copper has been found near Cologne. It is of a 
green colour, and forms small rhomboidal crystals. A specimen, analyzed 


by Mr. Lunn (Ann. of Phil., iii. 182), afforded, phosphoric acid 21-687, 


peroxide of copper 62847, water 15-454. 


SELENIURET OF Copper (CU +S) is formed by heating copper-filings 
with selenium: they act with intense ignition, and a black brittle com- 
pound results. 


SELENITE oF Coprrr.— When a hot solution of sulphate of copper is 
mixed with biselenite of ammonia, a precipitate falls, at first yellow, but 
which afterwards becomes greenish-blue and crystalline. When sulphate 
of copper is decomposed by selenite of ammonia, with excess of ammonia, 
a green diselenzle is precipitated. 


Carpuret or Copper.—tThe pale yellowish-red and fibrous copper, 
(overpoled,) appears to contain carbon. (Vivian, Ann. of Phil., v. 121.) 


CARBONATES oF Copprr.—A neutral carbonate of copper (Cu + Car’) 
is unknown. When hot solutions of copper are precipitated by the car- 
bonated fixed alkalis, a bulky hydrated dicarbonate of copper, of a green 
colour, falls: its tint is improved by repeated washing with boiling 
water. It is prepared as a pigment under the name of mineral green, ox 

‘green verdiler. When native, it is known under the name of malachite. 


It consists of : 
Native. Artificial. 


OO 
Phillips. Klaproth. Vauquelin. Berzelius. Proust. 


Oxide of copper. 2°. 80 . 72°07 . 722 . 70° . 70°00 . 71°70 . 69°5 
Carbonicacid . 1. 22 . 19°2.. 185. 180 . 21°25 ; 19°78 . 25°0 
Water . eid: Cee eee ere Ol. BS: eke owro owes 8:57 -.- 7b 


ee een ee 


Hydrated gti ie 111 10000 1000 1000 10000 10000 1000 — 


bonate of copper 


When it is long boiled in water, or when carefully heated, it becomes 
of a deep-brown colour, and anhydrous, consisting, in that state, which 


occurs native, of 
Thomson. _ 

80 os. 9843. , age 

<M 0 Ae RIN eg cc ome meee ee 


102 100°00 100°00 


Oxide of copper»... e.cs dea a3 
Carbonic acid oP AR Ee ce O53 


— | = bo 


Anhydrous subcarbonate of copper 


When a cold dilute solution of sulphate of copper is decomposed by 
carbonate of potassa, a blue precipitate falls, which, by careful manage- 
ment during drying, retains its blue colour, and is known in commerce 


taining more water. 


copper-azure or mountain- blue. 


- Water. 
Mer. 
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under the name of blue verditer*. It generally contains a little lime. 
(Puinurrs, Quart. Jour., iv. 277.) It differs from the green carbonate, 
according to Colin and Taillefert (Ann. de Ch. et Ph., xii. 62), in con- 
It appears to be a compound of ; 
Klaproth. Vauquelin. Pelletier. 


Phillips. 
nro ee, 

‘ Native. Artificial. Native. Native. Artificial. 
Oxide of copper 3 . 120 . 69°37 69°08 . 676 . 70 . 68°75 59°7 
Carbonic acid . 2. 44 . 25°43 95°46 . 24:1. . 24 . 25°00 30°0 
DVaters. sr. yen Oe. 620 5°46 oo. 1 6 6°25. 733 
Impurities ae ie a ; yo ee . 70 


Native Carponates or Correr.— Malachite, or the green hydrous 
carbonate, is found in various forms, but never regularly crystallized, the 
octoédral variety being a pseudo-crystal derived from the decomposition 
of the red oxide. This mineral occurs in the greatest beauty in the 
Uralian Mountains of Siberia; it is rarely found in Cornwall. It is of 
various shades of green, and often cut into small slabs, or used as beads 
and brooch-stones. The pulverulent variety has been termed chrysocolla 
and mountain-green. The blue carbonate is found in great perfection at 
Chessy, near Lyons; also in Bohemia, Saxony, &c. It occurs crystallized 
in rhomboids and imperfect octoédra; it is also found in small globular 
masses; massive, and earthy. The earthy variety is sometimes called 
The Dioptase, or Copper Emerald is a 
very rare mineral, hitherto found only in Siberia, associated with mala- 
chite. It consists, according to Lowitz, of oxide of copper, silica, and 
Some of the varieties of malachite appear to contain a silicate of 


Borate oF Copprr.—Solution of borax, poured into sulphate of 
copper, produces a bulky pale-green precipitate of borate of copper. 


CyanurETs oF Copper.—Hydrocyanic acid and hydrocyanate of 
potassa throw down a white curdy precipitate in the solution of dichlo- 
ride of copper. <A similar compound is obtained by the action of dilute 
hydrocyanic acid upon hydrated dioxide of copper: it is soluble in 
ammonia, and the solution is colourless; it is also soluble in hydrochloric 
acid and precipitated by dilution, and by potassa: it combines with 
other metallic cyanurets, forming a class of cuprocyanurets. When 
hydrated oxide or carbonate of copper is digested in dilute hydrocyanic 
acid, a yellow powder is formed, insoluble in water, soluble in hydro- 
chloric acid, and again precipitable by dilution. 


CUPROCYANURET OF PorTasstumM.—Cyanuret of copper, digested in a 
solution of cyanuret of potassium, yields a yellow solution, from which 
small yellow transparent prismatic crystals may be obtained, of a bitter 


* There is a very inferior pigment, 
also called verditer, which is a mixture 
of subsulphate of copper and chalk. 
According to Pelletier, a good verditer 
may be obtained as follows :—Add a suf- 
ficient quantity of lime to nitrate of cop- 
per to throw down the hydrated oxide; 
it gives a greenish precipitate, that is 


to be washed and nearly dried upon a 
strainer; then incorporate with it from 
8 to 10 per cent. of fresh lime, which 
will give it a blue colour, and dry it 
carefully. According to Mr. Chenevix, 
the alkaline carbonates dissolve a por- 
tion of the peroxide of copper, and form 
double salts. 
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metallic taste. This salt is not altered by the alkalis, but acids precipi- 
tate cyanuret of copper from it, which excess of acid afterwards dissolves 
with the evolution of hydrocyanic acid. (Irrner.) According to L. 
Gein (Handbuch, Art. Kuprer) these crystals, if obtained from oxide 
(and not from dioxide) of copper, are a cupro-dicyanuret of potassium ; 
for during the solution of oxide of copper in cyanuret of potassium, 
cyanogen is evolved, and the solution yields a white curdy precipitate of 
dicyanuret of copper on the addition of hydrochloric acid. When a 
solution of this cuprocyanuret is added to other metallic solutions, an 
interchange ensues between the potassium and the metal in the solution, 
and double cyanurets are formed, in which one of the metals is always 
copper: the precipitate with gold is green; with silver, dark-brown; with 
protosalts of tron, greenish-yellow; with the persalts of iron the precipi- 
tate is only a mixture of cyanuret of copper with peroxide of iron; with 
lead, pale-green; with zinc, bismuth, and manganese, pale-yellow. Acids 
decompose these precipitates, dissolving them, and evolving hydrocyanic 
acid; the compound with iron yields protocyanuret of iron, which 
becomes blue by exposure to air. All the salts of ¢zm yield mere mixtures 
of cyanuret of copper and oxide of tin: the relative proportion of the 
copper to the other metals, in these compounds, has not been accurately 
determined. (BrrZELIvS.) 


FrerrocyANuReT or Copper is thrown down by ferrocyanuret of 
potassium, from the solutions of oxide of copper, in the form of a rich- 
brown powder, which has been used as a pigment; it is partially soluble 
in ammonia, insoluble in acids, and decomposed by caustic potassa. 
Cold concentrated sulphuric acid whitens it, but, on the addition of water, 


it again becomes brown. Ferrocyanuret of potassium is so delicate a test 


of the salts of copper, that it will distinctly detect 1 part of that metal in 
60,000 of the solution. 


SuLPHOCYANURET oF Copper is formed by adding a solution of proto- 
sulphate of iron to a mixture of sulphate of copper and sulphocyanuret 
of potassium: it falls as a white granular precipitate, insoluble in water: 


its formula is ( cu+sulcy). (LiEs14. ) 


Atuoys of Copper.—Many of these compounds are of great 
use in the arts, especially those with zinc and tin, and with silver 
and gold; of these, the two latter will be noticed under those metals. 
The alloys of copper with potassium and sodium have not been parti- 
cularly examined. Davy formed them, and ascertained that they 
decompose water. Manganese was combined with copper by Bergman, 
_ and the properties of the alloy were examined by Gmelin. (Gdttingen 
Commentaries, 1787.) Iron and copper combine with difficulty: 100 
parts of gray cast-iron and 5 of copper yield a very hard alloy, of which 
Rinmann has proposed to make anvils. With zinc and én copper forms 
brass and bronze. With cadmium, the alloy is brittle and harsh; it is 
decomposed by keeping it in fusion, when the cadmium volatilizes. The 


alloy of copper and cobalt has not been examined. With nickel, copper — 


yields pakfong and German silver (see Nickel, p. 810). Dumas gives 
the following view of the composition of different pakfongs. ; 


EE —————— ee 
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For knife For articles White, but 
For spoons handles and For which require harsh and Chinese 
and forks. snuffers. lamination. soldering. hard. pakfong. 


Cepper 60... (BA 255 60 50 ew BF oo. Shoe. 404 


PETE Og ae ee Pe ae ED ane i ae: Fines eens 31:6 
Zinc ee ky ae ete SOU he) Ba aC ey Sebi hie de. SUS 
Lead Ware ahr Ot eee (eee Pee ek, Oye Ue 
Tron | Q #20 OF Seg EG Oleg 2°6 

100 100 100 100 109 100°0 


German nickel is used by the manufacturers of pakfong: it is broken 
up and mixed with the granulated copper and zinc, taking care that 
copper forms the upper and lower stratum in the crucible: the whole is 
covered with charcoal-powder and fused in a wind furnace; it is stirred 
and kept for some time in fusion, at the risk of evaporating part of the 
zinc. When the clippings and filings are remelted, 3 or 4 per cent. of 
zine are added to compensate for volatilization. 


Brass.—In making this important alloy, the metals are usually united 


by mixing granulated copper with calamine and charcoal: the mixture is 


exposed to heat sufficient to reduce the calamine and melt the alloy, 
which is then cast into plates. The relative proportions of the two 
metals vary in the different kinds of brass; and some contain a little lead 


and tin. The composition of the principal varieties is shown in the fol- 
lowing table :— 


For Turning. For Gilding. For For Ham- For Fine Casting. 
ae SSS I ee ae Wire. mering. 


616 . 658 . 637 . 82 . 665 . 70. 912 . 917 


eetimes. RAH ORs AOR eden OOO A. 14 Ee ® 


2% 1000 1000 1000 104 421000 £100 1000 1000 
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Brass is very malleable and ductile when cold; and its colour and 
little liability to rust recommend it in preference to copper for many pur- 
poses of the arts: its specific gravity varies from 7°9 to 8:9, and exceeds 
the mean of its components, as shown by the following results. (Dumas.) 


Copper. Zine. Actual Density. Calculated Density. 
Paras. chee oO. Ae 6443 2. i 8390 
If. 80... 20 . . 8940... 8°60 


According to Regnault, the specific heat of a brass composed of 71 
copper, 27°6 zinc, and 1°3 lead, and affording traces of tin, is 009391. 
(Ann. de Ch. et Ph., uxxiii. 33.) According to Sage, a beautiful brass 
may be made by mixing 50 parts of oxide of copper, 100 of calamine, 400 
of black flux, and 30 of charcoal-powder; melt these in a crucible till the 
blue flame is no longer seen round the cover; and, when cold, a button 
of brass is found at the bottom, of a golden colour, and weighing one- 
sixth more than the pure copper obtained from the above quantity of 
oxide. The presence of iron and of tin in brass should be carefully 
avoided, where they may interfere with its ductility or malleability. 

Tutenag is said to be an alloy of copper, zinc, and a little iron; and 
Tombac, Dutch Gold, Similor, Prince Rupert's Metal, and Pinchbeck, are 
alloys containing more copper than exists in brags, and consequently 
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made by fusing various proportions of copper with brass. According to. 
Wiegleb, Manheim Gold consists of 3 parts of copper and ] of zinc. A — 
little tin is sometimes. added, which, though it may improve the colour, 
impairs the malleability of the alloy. An alloy of 576 parts of copper, 
59 of tin, and 48 of brass, is equal to brass in hardness, and may be 
worked with the same facility; it was used by Mr. Bate for the new 
standard measures, as being less liable than brass to oxidizement. (Phil. 
Trans., 1826.) 

ee Metal is an alloy of copper and tin, with a little arsenic; 
about 6 copper, 2 tin, 1 arsenic. On this subject the reader is referred 
to Mr. Edwards’s experiments. (Nicuotson’s Journal, Ato., iii.) Mr. 
Little recommends 32 parts of best bar copper, 4 of brass pin-wire, 163 
of tin, and 14 of arsenic. He first melts the brass, and adds about its 
weight of tin; when this is cold, the copper, previously fused with black 
flux, is added; then the remainder of the tin; and, lastly, the arsenic. 
This mixture is granulated, and again fused for casting. . 


Bronze. Bexi-merau.—These are alloys of copper and tin; they 
are harder and more fusible, but less malleable, than copper. The spe- 
cific gravity of bronze exceeds the mean of its component metals, when 
carefully hammered and free from air-blebs: but bronze castings are apt 
to be more or less porous and vesicular, unless considerable care and skill 
have been used in fusing and pouring the metal, and in the construction 
of the mould; and in large castings, owing to the gradual cooling of the 
mass, there is ‘often a want of uniformity in the composition of different 
parts of it; that portion containing the least tin being the first to solidify, 
while the more fusible portion, to a certain extent separates, and is 
sometimes projected from the mould. The following table, from the 
experiments of Briche, shows the actual and calculated density of differ- J 
ent alloys of copper and tin. (Journ. des Mines, v.) 


Actual Calculated 
Copper. Tin. Density. Density. Difference. 
1003.57), 4. KBD. i OFA a S205 
100 os. ie. OF Nis, OU Os «| en Sag he reae 4 tena) 
LOG *, Gove OS SIG ie OOO” ttc G 
LOO) te OY Se REGES . 6e BBGOS i Os 
100) PREIS Bre 30s SECO ES oO rome 


100) gn Ol4 er eS SL. AUR bPS,. Say 

100.) 2 Oa, ear Ay ap OO NS. re alae 

100 0 i BB. BES 30) BAB OS, 040 

100 <2. 255100, ir. SO SISOS Kt. eae Oe 

In large bronze castings, such as statues, porosity and bubbles require 

‘carefully to be avoided; where they exist so as to deface the appearance 
of the work, they are sometimes filled up with substances which are only 
temporarily durable, or which, if metallic, give rise to electrical effects 
which time must render prejudicially evident: for this reason also, the 
different pieces of a large statue should be fused together, or united by 
bronze, and not by a mere fusible solder; and iron bars, and leaden junc- 
tions for the support or fixing of the work, should, upon the same princi- 
ple, be avoided, as they are themselves liable, under such circumstances, 
to rapid corrosion, and this may affect the stability, or safety of ale | 
statue, independent of other influences. 


i. @. on. 


ALLOYS OF COPPER. 829 


_ When bronze is frequently remelted it gradually loses tin by oxidize- 


- ment, so that in such cases fresh additions of tin may sometimes be 


requisite; and it is apparently this oxidizement of the tin which tends to 
deteriorate the texture of remelted bronzes, and renders them more sub- 
ject to bubbles and porosity when recast, an effect which may be pre- 
vented by the action of carbonaceous fluxes, or by the operation of poling, 
as in the case of copper. | | 

Tempering produces upon bronze an effect directly opposite to that 
upon steel; and in order to render bronze malleable, or fit for the coining 
press, it must be heated to redness and quenched in water: the alloy 
which thus acquires the greatest tenacity is that of 8 of copper and | of 
tin, and this is consequently preferable for medals; the advantage of 
bronze over copper. for these purposes being hardness, and resistance to 
oxidizement; the former quality resists friction, and the latter has handed 
down to us the works of the ancients with little deterioration, though 
buried for ages in damp soil, or immersed in water: the small value of 
bronze, too, as compared with gold and silver, is another important con- 
sideration, as affecting the preservation of such works of art. The fol- 
lowing are the component parts of the different bronzes and bell-metals 
in common use. 


Gun-metal. 
For Coin Gongs and ‘Statues and 
and Medals. Cymbals. Large Castings. Bell-metal. 
eee" Fe wae a aa RS ———_——, 
aeros 8.0 VIS es 82 BO BON oe. BS 
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errs On ie oO ae ee oes) Os yore- Or wr a Gh. oie. re 
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~The analysis of brass may be performed by solution in nitric acid; 
add considerable excess of solution of potassa, and boil, which will dis- 
solve the oxide of zine and leave that of copper; wash the latter, and dry 
and heat it to redness: 100 parts indicate 80 of copper. The zinc in 
the filtered alkaline solution may be precipitated by carbonate of soda, 
having previously added a small excess of hydrochloric acid; wash this _ 
precipitate, dry it, and expose it toared heat; it is then oxide of zinc, 100 
parts of which indicate 80 of metal. But as, in this process, the whole 
of the oxide of zinc is not easily removed by the alkaline solution, Mr. 
Keates recommends the following as a preferable operation:—Dissolve 
the brass in dilute nitric acid, evaporate to dryness, and redissolve in 
excess of dilute sulphuric acid; filter, to separate sulphate of lead, if any 
be present; dilute the solution, heat it to its boiling-point, and introduce 
three polished cylinders of iron, each about an inch long and a fourth of 
an inch diameter; continue the boiling till the solution becomes colour- 
less, and when tested by a clean plate of iron shows no trace of copper. 
Filter the solution while hot, and wash the precipitated copper first with 
very dilute sulphuric acid, and afterwards with boiling water; dry it, and 
fuse it into a button in a crucible covered with charcoal-powder. Boil 
the filtered solution with the addition of some nitric acid to peroxidize 
the iron, and nearly neutralize by carbonate of soda; then add excess of 
ammonia, to throw down the peroxide of iron, which separate by filtration. 
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Add hydrochloric acid to the filtered ammoniacal solution, evaporate to 
dryness, and heat in a silver crucible to drive off hydrochlorate of ammonia; 
dissolve the residue in hydrochloric acid, and precipitate by excess of car- 
bonate of soda; wash, dry, and ignite the pie which reduces it 
to the state of oxide of zine. 

The analysis of alloys of tin and copper may be performed by diges= 
tion in nitric acid, which dissolves the copper and converts the tin into 
insoluble peroxide, which, when washed and dried, consists of 78:4 tin+ 
21°6 oxygen. The cupreous solution may be decomposed by potassa, and 
the pure peroxide of copper indicates the quantity of that metal, as in the 
analysis of brass. 

Tinned Copper.—Vessels of copper used for culinary purposes aré 
usually coated with tin, to prevent the food being contaminated with 
copper. Their interior surface is first cleaned, then rubbed over with 
sal-ammoniac. ‘The vessel is then heated, a little pitch spread over the 

“surface, and a bit of tin rubbed over it, which instantly unites with and 
covers the copper. Much care is requisite in the manipulations of this 
process, and independent of the tin permanently adhering to and com- 
bined with the surface of the copper, there is always a portion in excess 
which fuses off the first time the pan is used for frying or melting fat or 
butter; lead is sometimes added to the tin used in tinning, and sometimes 
a small quantity of mercury: it appears from Proust's detailed experi- 
ments on this subject, that the small quantity of lead thus employed can 
scarcely be regarded as prejudicial, and that as regards the action of acids 
in such cases, the tin is dissolved before the lead: the use of mercury is 
more objectionable. 


CHARACTERS OF THE SALTs oF CoppEr.—The cupreous salts are 
nearly all soluble in water, and of a blue or green colour. Ammonia 


produces a compound of a very deep blue, when added in excess to these 


solutions; solutions of nickel give a similar colour, but the ammoniated 
solutions of nickel are precipitated by potassa, which does not precipitate 
the corresponding cupreous combinations; hydrosulphuret of ammonia 
forms a black precipitate. Ferrocyanuret of potassium is also an excel- 
lent test of the presence of copper; it produces a brown cloud in solutions 
containing the minutest portion of the oxide ; in this way the presence 
of less than a 20,000th part of metallic copper in solution may be detected, 
(provided the colour of the vehicle does not interfere,) by a reddish Brae 
cloud, which appears in a moment or two after the application of the 
test*. 

The metallic precipitation of copper from its solutions is effected by 
zine, iron, cadmium, tin, lead, and cobalt, and, under certain circumstances, 


* Mr. Alfred Taylor gives me the 
following caution in reference to the 
use of this test in organic solutions :— 
“In April, 1838, I examined the contents 
of the stomach of a person poisoned by 
oxalic acid: a tolerably clear liquid was 
obtained by boiling and filtration, and 
oxalic acid was easily detected. On 
adding solution of ferrocyanuret of po- 
tassitum toa portion of the liquid, a deep 


claret-coloured precipitate fell down ex- 
actly like ferrocyanuret of copper. I im- 
mediately tried the liquid with polished 
iron and ammonia, but could find no 
trace of copper; the liquid was faintly 
acid, and after having been kept for 
some days, no effect was produced by 
the ferrocyanuret; T can only ascribe 
this anomalous result, to the presence of 
some peculiar organic compound,” 


ee 
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feebly by bismuth. The copper sometimes appears ina clean metallic 
state, but is frequently alloyed by or blended with the precipitating metal, 
or mixed with other products. The different salts of copper are in this 
way differently affected. Nitrate of copper, for instance, is reduced by 
zinc, lead, cadmium, and tin, but when quite neutral, and out of the 
eontact of air, iron very imperfectly and slowly acts upon it. In a 
common acid solution of the nitrate a plate of iron becomes immediately 
covered with copper. Cobalt acts very slowly, and bismuth only when 
heated in the solution, and then imperfectly. The reduced copper 
appears with its metallic lustre and peculiar colour only upon cobalt, lead, 
and iron; with the other metals it forms alloys of a brown or black 
colour. With tin, the oxide of that metal is also precipitated. Sulphate 
of copper is reduced by the other metals much in the same way as the 
nitrate: iron first becomes covered by pure copper, after which the preci- 
pitation of a subsalt of iron gives it a brown colour. The action of lead 
upon solution of sulphate of copper is very feeble; cobalt acts rapidly, and 
becomes coated with clean copper. The precipitate upon tin is accompa- 
nied by sulphate of tin, in the form of a white shining powder, but if air 
be excluded, protosulphate of tin remains in the solution, with a portion 
of sulphate of copper: in such cases the whole of the copper is never 
separated. Chloride of copper is easily decomposed by iron, tin, zine, 
cadmium, and cobalt, and slowly by lead, provided the solution be not 
acid. The ammoniacal solution of oxide of copper is only reduced by 
zinc, iron, and cadmium, not by tin, lead, or cobalt. Zine is by far the 
most effectual precipitant of copper. When the metallic precipitation of 
copper is resorted to for the detection of minute quantities of the metal, 
as for instance in cases of poisoning, iron is the preferable precipitant, 
and when carefully used, gives very delicate indications, and is applicable 
in certain cases where the other tests are interfered with by the colour 
of the contaminated vehicles, such as beer, wine, soup, the contents 
of the stomach, &c. Mr. Taylor informs me that he has in this way 
detected copper in gruel and the liquids just mentioned, when only 1 
grain of crystallized sulphate of copper was present in 12 ounces of the 
liquid, and when the test by ferrocyanuret of potassium was inapplicable 
from the colour of the vehicle. He finds the most delicate mode of apply- 
ing this test is to render the suspected liquid very slightly acid by a drop 


_ or two of dilute sulphuric acid, and then to suspend in it a clean sewing- 


needle; ina day or two the coating of copper becomes perceptible. When 
insoluble salts are thus examined, they may be moistened with dilute 
sulphurie acid, and rubbed upon polished iron. 

The voltaic precipitation of copper is also often conveniently appli- 
cable to the detection of this metal; a few drops of the suspected liquid 
may be put upon clean platinum foil and touched by a wire of zinc, 
when a film of copper immediately coats the platinum. 

Before the blowpipe oxide of copper is not altered by the exterior 
flame, but becomes suboxide in the interior. With both microcosmic salt 
and borax it forms a yellow-green glass while hot, but which becomes 
blue-green as it cools. When strongly heated in the interior flame, it 
loses its colour, and the metal is reduced. If the quantity of oxide be so 
small that the colour is not perceptible, its presence may be detected by 


832 COPPER COINAGE. - 


the addition of a little tin, which occasions a reduction of the -oxide to 
sub-oxide, and produces an opaque red glass. If the oxide has been 
fused with borax, this colour is longer preserved; but if with microcosmic 
salt, it soon disappears by a continuance of heat.. The copper may also 
be precipitated upon iron, but the glass must be first saturated with iron. 
Alkalis or lime promote this precipitation. If the glass, containing 
copper, be exposed to a smoky flame, the copper is superficially reduced, 
and the glass covered while hot with an iridescent pellicle, which is not 
always permanent after cooling. It is very easily reduced by soda. 
Salts of copper, when heated before the blowpipe, give a fine green flame. 

The presence of organic substances in solutions of copper materially 
interferes in some cases with the action of reagents, and as, in conse- 
quence of the use of copper vessels for culinary purposes, the contamina- 
tion of food by this poisonous metal is not uncommon, it often requires 
minute attention in judicial inquiries. (See Curistison on Pozsons, Art. 
Coprer; and Rosr’s Analytica] Chemistry.) In these cases precipitation 
by iron may, as above stated, be resorted to: or the suspected articles 
may be evaporated to dryness, carefully incinerated, and the residue 
treated by a little nitric acid: in this way a solution of nitrate of copper 
is obtained, to which the ordinary tests, under the precautions above 
pointed out, may be applied. 


Coprer Cornace.—The following table shows the standard weights, 
value, &c. of the copper coins of Great Britain. 


Corrrer Coins. Standard Weights; Remedy; Legal Tender, &c. 


No. of Weight of ie eae nen af " ay, 
ou EBs pieces each piece. alue| No.o alue emedy ega 
Qeanere in the ae SOS of one} pieces in a | ofa ry ten- 
% Ib, | In drs. | In troy | 1b. ton. ton. | Indenture. | der. 

avoir.| avoir. | grains. 


—_$——— | | | | | se 


£ d 


Date of procla- 

mations fixin * Where 

the amount o current. 
legal tender. 


Pence. . .| 24 |10-66 |291-66 3 

Half-pence .| 48 | 5°33 |145°83| 2 

Farthings. .| 96 | 2°66 | 72:91] 2 

2do. . ./192 | 1:33 | 86-45] 2 | 430,080 |224lor175 tr] ..| . . . . |Ceylon. 
2 
3 
2 


107,520 | 224 |drms. and] 6 and dom, and 


‘5 of a penny./240 | 1:06 | 29°16 
of farthing.|288 *88 | 24°30 
ioc.) . +1884 “66 | 18:22 


537,600 | 224 /grns. per) ..| . . . . jlonianIslands 
645,120 | 224 |lb. avoir-| .. aliriniamdiy end fs Cos 
$60,160 | 224/dupoiss | ..| . . . . {[Ceylon. 


Ale ole 


53,760 | 224|,3, or six| 12 [14 Nov. 1821,|) UnitedKing- 


215,040 | 224 |35 avoir.,| 6 |30 Jan. 1826.|} British Cols. 


The moneyers deliver the coined moneys to the Mint office in bags containing 4 cwt. avoirdu- | ~ 
pois, in value £5 12s. 0d. The deliveries to the public are made in bags of 50 lbs. weight | 


avoirdupois, value £5. 


§ XVI. LEAD. 


Tue natural compounds of this metal are very numerous. The most 
important is the sulphuret, from which the pure metal is chiefly procured. 
Lead is also found combined with carbonic, sulphuric, phosphoric, arsenic, 
molybdic, and chromic acids, and with oxygen and chlorine. It seems. 
doubtful whether lead ever occurs native, that is, in a pure state. To 
obtain lead perfectly pure, it may be dissolved in nitric acid ; the solution 
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evaporated to dryness; the dry mass redissolved in water and crystallized; 
these crystals heated strongly with charcoal afford the metal. 

Lead appears to have been known in the earliest ages of the world. 
Its colour is bluish-white; it has much brilliancy, is remarkably flexible 
and soft, and leaves a black streak on paper: when handled it exhales a 
peculiar odour. It melts at about 612°, and, by the united action of heat 
and air, is readily converted into an oxide which goes off in vapour: in 
perfectly close vessels it does not sublime at a white heat. Its specific 
gravity, when pure, is 11°445, but the lead of commerce seldom exceeds 
11:35. Its specific heat, according to Regnault, is 0°03140. When 
slowly cooled it forms octoédral crystals, and contracts considerably during 
its solidification, so that in bullets and castings of lead rapidly cooled 
there is generally a cavity. Its density is said not to be increased by 
hammering, yet it becomes very hot during that operation. 

At common temperatures and in its ordinary state, lead undergoes 
little change by mere exposure to air, and is but slowly acted on by 
' the joint agency of air and water: but when in a state of very fine 
division, as it is obtained diffused through charcoal, by exposing tartrate 
of lead to a red heat in close vessels, it takes fire when brought into the 
contact of air. In distilled water, free from air, and in close vessels, a 
_ clean surface of lead remains bright; but, under the same circumstances, 
in open vessels, it soon tarnishes, small crystalline scales of oxide of lead 
are formed, a portion of which dissolves in the water, and is again slowly 
precipitated in the form of carbonate: in this case the oxygen is imparted 
by the air held in solution in the water; the film of oxide thus formed is 
soluble to a small extent in the pure water, and is thrown down in pro- 
portion as it passes into the state of carbonate. A very minute trace of 
sulphuric acid, or of a soluble sulphate, in the water, entirely prevents 
this corrosive effect, and hence it is that common spring-water is kept 
with considerable impunity in leaden cisterns, which, however, should 
have wooden and not leaden covers; in the latter case, the vapour of the 
water below condenses upon the cover, and often tends to its rapid corro- 
sion, it being in fact distilled water, and not therefore prevented in its 
action by any saline matters; so that when water is to be kept in this 
_ Way, as.it generally is for domestic use, its qualities should be cautiously 
inquired and examined into, as very deleterious effects have occasionally 
arisen from the solution of the oxide. Another source of contamination 
by lead may arise from electric action, as where iron or copper bars, 
‘Screws, or pipes, are in contact with or soldered into lead: and in 
these cases, owing to the action of alkaline bases as well as of acids 
upon the lead, danger may occur when it is thrown into an electro- 
negative as well as electro-positive state. The means of detecting lead 
are fortunately simple and delicate, as will appear from the details we are 
_about to give: a good epitome of all that relates to the action of water on 
lead, will be found in Curistison’s T'reatise on Poisons (Art. Leap). 

Exposed upon ignited charcoal to a current of oxygen gas, lead boils 
and burns with a blue flame, throwing off dense yellow fumes of oxide. It 
does not decompose water at any temperature. The alchemists gave this 
metal the symbol and name of Saturn, h. The equivalent of lead is 104. 
(104 Gmruin, 103°6 Turner, 103°73 Granam.) 
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ProtoxipE oF Leap. ( pl +0) or Pu.—This, which is the only sali- 
fiable oxide of lead, may be formed by exposing the gray powder which ~ 
gradually collects upon the surface of melted lead, to the further action of — 
heat and air till it acquires an uniform yellow colour. It is also obtained 
by exposing pure nitrate, or subnitrate, or carbonate of lead, to a dull 
red-heat out of contact of air, and taking care to avoid fusion. When a 
solution of acetate of lead is dropped into a solution of ammonia, the 
white powder which falls is a hydrated oxide, which, examined by a 
microscope, is in the form of small prismatic crystals. Payen obtained this 
hydrated oxide, together with crystals of anhydrous protoxide of lead, by 
decomposing tribasic acetate of lead by ammonia. (Ann. de Ch. et Ph., 
txvi. 54.) When the protoxide is heated it has a red colour, but in its 
ordinary state it is lemon or orange-yellow, according to the mode in 
which it has been prepared, and is known under the name of Massicot. 
At a high red-heat it fuses, and forms, on cooling, a lamellar vitreous mass 
of a reddish-brown colour: this is often obtained in scales, under the 
name of Litharge, which, when of a red colour from the presence of 
minium, was called Litharge of Gold, the paler varieties being termed 
Litharge of Silver. When of ‘a dark hue from the presence of a little 
sulphuret of antimony, these vitrified oxides are known by the German 
term Abstrich. 3 

Protoxide of lead is a powerful salifiable base, forming neutral salts — 
with the acids; and, in many instances, subsalts, which have an alkaline 
reaction; when moist or in the state of hydrate, (and even when dry, 
according to Berzelius,) it absorbs carbonic acid from the atmosphere, and 
gradually acquires the property of dissolving in acids with effervescence. 
It is soluble in potassa and soda, forming yellow liquids, which after a 
time gradually deposit micaceous or dodecaédral crystals of anhydrous 
oxide of lead, probably in consequence of the slow absorption of carbonie 
acid by the alkali; it combines with baryta, strontia, and lime, forming 
compounds of sparing solubility, and easily decomposed even by the 
weakest acids: a paste or wash, containing hydrate of lime and oxide of 
lead, is used to blacken hair, which it does in consequence of the forma- 
tion of a black sulphuret arising out of the combination of the sulphur in 
the hair with the metal of the oxide, while the lime by uniting with the 
oily matter facilitates the effect. 

When oxide of lead is fused with the earths and metallic oxides, it 
forms vitreous and in some cases very fusible compounds, hence its use in © 
the manufacture of glass; hence also the readiness with which it corrodes — 
common crucibles when it is kept for a sufficient time in fusion in them. 
Heated with charcoal, this and the other oxides of lead are easily reduced — 
to the state of metal; they are also reduced, when heated in hydrogen or 
coal gas. This oxide consists of 


Dobereiner. Vauquelin. J. Davy. Proust. Richter. — 
Lead S5°0s: <5 1. 104 . 92857 . 93°02 . 93 . 92°85 . 91 . 88% 
Oxygen 6 Mi hey Bie 4B eS O98. TD ici 1S ee 
1 


Protoxide of lead 112 100°000 100°00 100 10000 100 1000, 


Rep Leap. Muinium.—This substance, which is well known as a : 
common red pigment, is made by exposing protoxide of lead to the action. 
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of heat and air, so as to oxidize, without fusing it, the temperature 
required for this purpose being between 570° and 580°; it gradually 
. acquires a fine red colour, the brilliancy of which, however, goes off by 
exposure to light. To obtain it of a brilliant colour it requires to be 
made in large quantities and with several precautions. The method 
formerly employed in Derbyshire is described in Warson’s Chemical 
Essays. This oxide is not salifiable, but the acids convert it into prot- 
oxide and peroxide; they combine with the former, and leave the latter 
in the form of an insoluble brown powder. Minium, upon the strength 
of the analyses of Berzelius and Vauquelin, has generally been regarded 
a8 a sesquioxide, but, according to Dumas, it is of variable composition. 
(Ann. de Ch. et Ph., xuix. 398.) Phillips represents it as an oxide con- 
taining 3 atoms of lead and 4 of oxygen; and Labillardiére found in a 
crystallized minium of a fine orange-red, which had accidentally been ' 
produced in an old red-lead furnace, 4 atoms of lead, and 5 of oxygen: 
the former, therefore, gives the formula o( pl 0)+(pl +20), and the 
latter, 3 ( pl +0)+( pl +20), while Vauquelin and Berzelius found about 
_ 10 per cent. of oxygen in the samples which they examined, and which 
consequently lead to the formula (pl+u 0) or (opl+ 30). In stating 
that minium may be purified by abstracting the protoxide with which it 
is usually mixed, by digesting it in a solution of neutral acetate of lead, 
Dumas obviously assumes that it is a definite compound. When exposed 
to a temperature somewhat above that required for its formation, minium 
gives off oxygen, and reverts to the state of protoxide: it was thus 
originally used as a source of oxygen gas by Priestley. The most perfect 
and brilliant minium as respects colour, is obtained by heating pure 
carbonate of lead in a current of air to a temperature a little short 
of 600°. ; 


Prroxipe or Leap. Burnoxiwe or Leap ( pl +20) is obtained in 
the form of an insoluble brown -powder by digesting minium in cold nitric 
acid ; or by passing chlorine through minium diffused in water, or through 
_ a solution of acetate of lead, and thoroughly washing the product in hot 
_ Water to remove the chloride of lead: the first is the best process, if the 
nitric acid used be pure; the resulting oxide only requires to be well- 
washed and dried at 212°. — 

At a red heat peroxide of lead gives off oxygen, and is converted into 
protoxide. Digested in liquid ammonia, a mutual decomposition takes 
_ place, and water and nitrate of lead are formed. ‘Triturated with a fifth 

of its weight of sulphur, it inflames spontaneously. With hydrochloric 
acid, it furnishes chlorine and chloride of lead. When boiled in nitric 
_or sulphuric acid, oxygen is evolved and salts of the protoxide are formed. 
It absorbs sulphurous acid gas with the evolution of much heat, or even 
ignition, and forms sulphate of lead; hence its use in the analysis of 
gaseous mixtures to separate sulphurous from carbonic acid gas. It 
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Drioxipr or Leap. (2 pl + 0.)—When ovalate of lead is heated to dull 


redness in a small retort, carbonic oxide and carbonic acid are evolved, 


and a dark-gray powder remains, which is resolved by acids into prot- 
oxide and metallic lead, and which, according to Dulong, is a definite 
suboxide. The gray powder with which lead that has been long exposed 
to air, especially if heated, becomes covered, is, according to Berzelius, 
similar in composition. Boussingault finds that mercury triturated under 
' water with this oxide, abstracts no lead from it, and therefore infers that 
it is not a mixture of metallic lead with the protoxide, notwithstanding 
its resolution into such a mixture by sulphuric, hydrochloric, and acetic 
acids (Ann. de Ch. et Ph., tiv. 264), but that it consists of 


Lead ye Va teed. sy ) eeeOG a. ees 
Oxypen Seiad ee ah ken es 


Dioxide of lead 1 ER OTG 100°0 


Metallo-chrames.—When thin films of oxide of lead are formed by 
electrolytic action upon polished steel-plates, they give rise to those beau- 
tiful prismatic tints which Nobili originally described under the above 
name: the most perfect specimens which I have seen in this country 


were produced by Mr. Gassiot, to whom I am indebted for the following _ 


memorandum upon the subject. “Into a clear saturated solution of 


_ acetate of lead place a bright polished steel-plate, and on this a piece of 
thick card-board, out of which the required figure has been cut; a ring 
of wood of the size of the figure is then placed on the card, on which 


rests a copper disc, slightly concave, or convex, according as you may — 
require the different colours: connect the positive electrode of a voltaic 
battery (I generally used three or four of Daniell’s cells) with the steel- 


plate, and the negative with the copper disc. The beauty of the figure 
will depend on the energy of the battery, the strength of the solution, and 
the time employed; but, as above, from six to fifteen seconds is sufficient. 
Instead of the card and copper disc, I sometimes use negative electrodes, 
composed of copper wire, in different forms; the colours then overlap each 


other with their gorgeous tints in the most beautiful manner. ‘The ulti- — 


mate size of the figure is dependent upon that of the elements used; for 
instance, in attempting to make a figure of about eighteen to twenty 


inches diameter, I found it requisite to combine two or more zincs and , 
two or more coppers together,—the size of the figure depending on the 
quantity, and the rapidity of the production, on the tntensity of the bat- 
tery and approximation of the electrodes, that is, of the steel-plate and — 
copper disc. (A notice of Mr. Gassiot’s experiments will be found in the — 


Proceedings of the Royal Society, March, 1840.) 


CHLORIDE oF Leap. (pl +¢.)—When laminated lead is heated in 
chlorine, the gas is absorbed, and a chloride of lead results. (J. Davy, — 
Phil. Trans., 1812.) The same substance is obtained by adding hydro-_ 
chloric acid, or a solution of chloride of sodium, to nitrate of lead, washing — 


the precipitate in cold water, and drying it at 212°: it is also formed when 
the oxides of lead are digested with heat, in hydrochloric acid. It is 
white and fusible, and, on cooling, forms a hornlike substance (plumbum 
corneum) of the specific gravity of 5°13. It does not absorb ammonia. 
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_ (Farapay.) It volatilizes at a high temperature provided air has access, 
in which case a portion of oxide of lead is also formed. It dissolves in 30 
_ parts of water at 60°, and in 22 at 212°, separating, as its solution cools, 
in small anhydrous acicular crystals, unchanged by exposure to air, and of . 
a sweetish taste. It dissolves in dilute hydrochloric and nitric acids: it 
is insoluble in alcohol. Chloride of lead consists of 
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Native Chloride of Lead has been found amongst the volcanic products 
of Vesuvius, in small acicular crystals: a dichloride of lead (2 pl +€) has 
been found in the Mendip-hills, in Somersetshire; it forms fibrous crystal- 
line masses upon a black ore of manganese; it is of a yellow colour; a 
native oxichloride of lead (very rare) has been found in the same locality. 


OXICHLORIDE or Leap.—A compound of chloride and oxide of lead 
is sometimes prepared by acting upon a solution of common salt by 
litharge; solution of soda, and oxide and chloride of lead are formed; this 
insoluble residue, when fused, is known under the name of patent yellow, 
Lurner’s yellow, or Cassel yellow. When treated by nitric acid, it forms 
nitrate of lead, and a portion of chloride separates. A similar compound 
may be obtained by fusing together 1 part of chloride with 4 or 5 of oxide 
of lead, or by heating 1 part of sal-ammoniac with 10 of oxide of lead. 
According to Berzelius, a hydrated tribasic oxichloride of lead ( pl +C) 
+3(pl+ 0) +49, is thrown down in the form of a white insoluble pow- 
der when ammonia is added to a solution of chloride of lead. In fusing 
these oxichlorides great care must be taken to avoid the presence of 

inflammable matter, by which they are readily discoloured in consequence 
of the reduction of a portion of lead; their fusion is best effected in a 
mufile. . 

Cutorate or Leap (Pi+C/) is obtained by digesting the protoxide 

‘in chloric acid; it separates by slow evaporation, in white crystalline 
flakes of a very sweet taste. When heated, it gives out oxygen, and 
becomes a chloride. When chlorine is passed through protoxide of lead 
diffused in water, chloride and peroxide of lead are formed, but no 
chlorate. (Vauquenin, Ann. de Ch., xcv.) 


TopipE or Leap (pl+ 2) may be formed by heating leaf-lead with 
iodine; it is most readily obtained by adding iodide of potassium to solu- 
tion of nitrate of lead; it then falls in the form of a bright-yellow powder, 
soluble in 1250 of cold, and 200 parts of boiling water, and separates 
as the solution cools, in beautiful brilliant flakes. In this crystalline 
State it retains its colour, but the pulverulent iodide becomes pale by 
exposure tolight. It is soluble in caustic potassa and soda, forming double 
salts; boiled with carbonate of potassa, it forms carbonate of lead and 


iodide of potassium. It consists of 
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OxtopipE oF Leap.—-According to Denot, there are three oxiodides 
of lead, each containing an atom of water, which they do not lose below 
a temperature of 400°; they consist respectively of ( pl +2) + (pl +0), of 


(pl+0)-+2(pl+o), and of (pl+t)+5(pl+o). (Gramam.) 


lopipr or Leap anp Porasstum.—When excess of iodide of lead is 
digested in a concentrated solution of iodide of potassium, a solution is 
formed which yields on evaporation a mass of silky crystals; this com- 
pound is decomposed both by water and alcohol, which separate iodide 
of lead; it is represented by 2 (pbl+ t)+(po+t). When the alkaline 
iodide is used in excess, the resulting compound is ( pl +2)+? (po+?). 
(Bounay.) 


TopaTEe or Leap (Pu+2/) is thrown down in the form of a white 
powder on adding iodate of potassa to any of the soluble salts of lead. 
Tt redissolves in excess of the acid. (PLEIscut.) 


BromipeE or Lrap ( pl + 6) is precipitated from a solution of lead by 
hydrobromic acid or bromide of potassium ; it is fusible, and concretes on 
cooling into a yellow mass. When first precipitated, it is decomposed by 
sulphuric and nitric acids; but when fused, it requires boiling sulphuric 
acid to produce that effect. (Banarp, Ann. de Ch. et Ph., xxxii. 359.) 


BroMate or Leap (Pi+ 6’) is thrown down in the form of a white 
powder, by adding bromic acid to a dilute solution of nitrate of lead. 


adding hydrofluoric acid to nitrate of lead, when it falls in the form of a 
white powder, soluble in nitric and hydrochloric acids, by which, when 
evaporated, it is decomposed. Ammonia converts the fluoride into a sub- 


u 


; 
Fivoripe or Leap ( pl -- f) is almost insoluble, and obtained by | 


Jluoride of lead, which is more soluble than the former. 
Nitrate or Leap (Pi+7/) is obtained by dissolving the metal, not . 
in excess, in nitric acid, and evaporation. It crystallizes in tetraédra and 
octoedra, which have a specific gravity = 4; they are white, anhydrous, — 
translucent, harder than alum, and of a styptic taste; they decrepitate 
when heated, and when distilled give out nitrous acid vapour and oxygen, 
and protoxide of lead remains in the retort: they are soluble in between 
7 and 8 parts of water at 60°, and insoluble in alcohol. This salt is of 
much use in analytical chemistry as a test of the presence of free anc 
combined sulphuric acid (except in alkaline solutions, which should be. 
first neutralized with nitric acid): the precipitate (which is sulphate of 
lead) is insoluble in nitric acid. Carbonic acid, and the alkaline carbon- x 
ates, phosphates, oxalates, and tartrates, form precipitates in a solution — 
of nitrate of lead, but the precipitates are soluble in nitric acid, The — 
iodides and bromides, and the chlorides, when not very dilute, also — 
precipitate the nitrate of lead: all these precipitates are white, with the 
exception of those by the soluble iodides, which are yellow. With — 
sulphuretted hydrogen this solution of lead forms a dark-brown or black _ 


precipitate of sulphuret of lead. Nitrate of lead is always anhydrous, 
and consists of 


— 
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Dobereiner. Che®eul. 
Oxide of lead. 1 tacts. 6,47 2),- 5. GF'Giss b,. OF 
Nitric acid e e ] e e 54 . J e 32°53 e . 32°4 e e 33 
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Nitrate of ead 
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166 10000 (100-0 100 


Dinirrate or Leap (2 Pu+70/) may be formed by boiling a mixture 
of equal weights of nitrate and protoxide of lead in water, filtering while 
hot, and setting it by to crystallize ; it forms pearly erystals, of a sweet 
astringent taste, scarcely soluble in cold water, but much more soluble in 
boiling water. (CHEVREUL, Ann. de Ch., Lxxxii.) The presence of this 
salt gives a yellow tint to the crystals of the neutral nitrate, which is 
sometimes erroneously referred to iron: it consists of 


Chevreul. Berzelius. 
Oxme ce iend > 2... 284... B08... BOIL Boe 
INDEPICOMGT oo cll i's fs D4 os TID Se AGRE nS ges 
Dinitrate of lead 1 278 100°00 100°00 100°0 


TRISNITRATE OF Leap. (3 Pu+20/-+ Y.)—This salt was obtained by 
Berzelius in the form of a white powder, by adding ammonia (not in 
excess) to nitrate of lead. When this salt is digested in ammonia, or 
when nitrate of lead is decomposed by excess of ammonia, a hydrated 
sexbasic nitrate of lead is formed (6 Ph+7/+ q)- 


Nitrites or Leap.—Chevyreul and Berzelius have described three 
nitrites of lead. They are regarded by Gmelin as hyponitrites. They are 
obtained by boiling nitrate of lead with metallic lead. A detailed account 
of them is given by Berzelius, (Lehrbuch, ii.) When 78 parts of lead 
turnings and 100 of nitrate of lead are boiled together in water, a yellow 
solution, having an alkaline reaction, is obtained, which yields on cooling 
brilliant crystalline plates of a yellow colour, consisting of 2 atoms of 
oxide of lead and 1 of nitrous acid. hen 100 parts of this bibasic 
nitrite of lead are dissolved in water at 166°, and mixed with 35 parts 


of sulphuric acid previously diluted with 4 times its weight of water, 
half the oxide of lead is thrown down in the form of insoluble sulphate, 


and a deep yellow solution remains, which on cooling deposits yellow 
octoédral crystals of the neutral nitrite of lead. When exposed to air its 
solution absorbs oxygen, and when heated to 176° evolves nitric oxide, 
and subnitrate of lead falls. When 1] part of nitrate of lead, 1:5 of lead 
shavings, and 50 of water, are digested for 36 hours, at a temperature of 
166° to 170°, red crystals are deposited as the liquid cools, permanent in 
the air, soluble in 140 parts of cold and 33 of boiling water, and having 
an eiiatine reaction on tests; they are a quadribasic nitrite, consisting of 


4 atoms of oxide of lead, 1 of nitrous acid, and 1 of water. 


SutpHuret oF Leap (pl +8) may be formed artificially by fusion: 
when the lead enters into fusion, it suddenly combines with the sulphur with 
ignition. Its lustre and colour much resemble pure lead, but it is brittle, 
and requires a white heat for fusion; its specific gravity is 7°58. Boiled 
with hydrochloric acid, chloride nifcad wed sulphuretted hydrogen are 


formed; with nitric aes it is converted into sulphate of lead. Sulphuret 


of lead may be obtained in the humid way, by precipitating any salt of © 
lead by sunpretted hydrogen; the precipitate is black, or brown if the 
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solution be very dilute; this is so delicate a test of lead, that, according 
to Pfaff, a solution containing a hundred-thousandth part of the metal is 
discoloured by it, provided no excess of acid be present. Sulphuret of 
lead consists of 


Proust. Vauquelin. Wenzel. J. Davy. 

Lead ‘ 1.104... ‘8637... 86.8623... (863). e0ben 

Suloiur.. sk, G6 RS 6S 4 ee 
1 
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_ Sulphuret of lead 120 100°00 100 100°00 100°0 100°0 


Native Sulphuret of Lead, or Galena, is the principal source of the 
vast commercial demands of the metal. It occurs massive and crystal- 
lized, chiefly in the older secondary rocks. Its primitive form is the 
cube, of which there are several modifications, and among them the 
octoédron. It often contains traces of silver, and sometimes in such 
quantity as to render it worth separating, which is effected by exposing 
the roasted sulphuret to the action of heat and air in shallow earthen 
dishes; the lead becomes oxidized and converted into litharge, while the 
silver is left pure, in consequence of its power of resisting the influence 
of heat and air. This process is called cupellation. ‘The litharge is 


afterwards reduced by fusion with charcoal. There is a specular variety” 


of galena, called in Derbyshire slickensides; and which, when touched 
by the miner’s pick, often splits asunder with a kind of explosion. 

The reduction of galena upon a large scale is a sufficiently simple 
process. The picked ore, after having been broken and washed, is 
- roasted in a reverberatory fire, the temperature being such as to soften 
but not fuse it. During this operation it is raked till the fumes of 
sulphur are dissipated, when it is brought into perfect fusion; the lead, 
reduced by the fuel, sinks to the bottom, and is run out into oblong 
moulds called pigs; the scoriz are again melted, and furnish a portion of 
less pure metal. The mines of Great Britain afford an annual produce 
of about 48,000 tons of smelted lead, of which nearly the whole is 
obtained from the sulphuret. 


HyposuLpuits or Leap (Pi +38) is precipitated in the form of a white 


ti ee 


powder,’ by adding solution of nitrate of lead to hyposulphite of potassa. 


At 212° it becomes dark-coloured, and at a higher temperature it burns 
like tinder. Distilled in close vessels, it gives out sulphurous acid, and 


is converted into sulphuret and sulphate of lead. It requires more 
than 3000 parts of cold water for solution. It is composed of ; 


Ge 
Oxide of lead Wea etd Ces eA ae eee aU Leu cee e 
Hyposulphurous acid 1 .. 48 . . 30 . . 29°70 


oe « —_ 


Hyposulphite of lead 1 160 100 100-00 


Surpurre or Leap (Pt+$) may be obtained by digesting protoxide 
of lead in sulphurous acid; or by adding sulphurous acid or sulphite of 


potassa to nitrate of lead. It is white, insoluble, and tasteless. When — 


heated it loses sulphurous acid. It is converted by nitric ‘acid into 


sulphate of lead. It disengages sulphurous acid when acted ore bye 


hydrochloric, and by sulphuric acid. It consists of 
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. Thomson, Gay Lus@e. 
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Sulphite of lead 1 144 100-00 100°0 100 


Hyposunpuate or Leap (Pi+$/.) is formed by digesting carbonate 
of lead in hyposulphuric acid, filtering and evaporating. It forms soluble 
crystals, which, by the action of ammonia, may be so decomposed as to 
yield two subhyposulphates: the crystals contain 


2 Heeren. 
Meer leaden eid. of el ols oc ok, oo Sra Sere) we De OL. mie sed 
Hyposulphuric acid .. . Lye bh hee Ci OS 13a ein ROR 

ater mee eee eo a et 4g 4 OO ae sh LO Gu wees seo 
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220 100°00 ' 100°00 


Crystallized hyposulphate of lead 


SuLpHATE oF Leap. (Pu+S/.)—Cold sulphuric acid has no action 
‘upon metallic lead; but when the metal is boiled in concentrated 
sulphuric acid, sulphurous acid is evolved, and a white sulphate of lead is. 
formed. It is also easily produced by adding dilute sulphuric acid, or an 
alkaline sulphate, to a solution of nitrate of lead, when it falls in the 
form of a dense white powder, which the microscope shows to consist of 
crystalline grains; and hence the application of the soluble salts of lead, 
especially the nitrate and the acetate, as tests of the presence of sulphuric 
acid and sulphates. Dr. Thomson found, that after having been dried at 
a temperature of 400°, it might be heated to redness in a platinum 
crucible without losing weight. Heated on charcoal by the blowpipe, it 
is decomposed and ultimately reduced. Heated with 1 atom of carbon 
it furnishes, at a white heat, carbonic and sulphurous acids and protoxide 
of lead; with 2 atoms of charcoal it yields metallic lead. (BEeRTuter.) 
Sulphate of lead is not absolutely insoluble in water: it is insoluble in 
alcohol and nearly so in nitric acid; concentrated hydrochloric acid 
decomposes it, and forms chloride of lead; but on the addition of water. 
sulphate of lead is reproduced. It is sparingly soluble in excess of 
sulphuric acid, and separates from it in small prismatic crystals. It is 
soluble, when recently precipitated, in the fixed alkalis, and sparingly so 
in their carbonates. ~Accordingly, if a weak solution of nitrate of lead be 
dropped into a solution of carbonate of soda containing sulphate of soda, 
_ there is either no immediate precipitate, or, if formed, it is redissolved on 
stirring the liquid. Its acid is expelled by the action of silica and of 
alumina at a red heat, hence its decomposition when fused in earthen 
crucibles. Digested with an acid solution of nitrate of baryta, it yields | 
nitrate of lead and sulphate of baryta. Sulphate of lead consists of 
Klaproth. Berthier. Berzelius. 


Oxide of lead Eee lias wie OO, . a 7S 8! ee 7399 2 a ee aS 
Sulphuricacid. 1 .. 40 .. 2632 .,. 265 .. 2601 . . 26385 
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Sulphate of lead 


152 100°00 100°0 100°00_ 100°000_ 


Native Sulphate of Lead is found in Anglesea, Scotland, and elsewhere, 
crystallized in prisms and in octoédra. It is a rare mineral. 


Puosrnuret or Leap may be formed by dropping phosphorus into 
melted lead, or by calcining phosphate of lead with charcoal. It is of the 
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colour of lead, and soon tarnishes. When struck with a hammer it 
becomes luminous, and sometimes takes fire. It consists, according to 
Pelletier, of 88 lead +12 phosphorus: these numbers closely correspond 
with ; : 
Lead son ae ere 
Phosphorus cio. sks eto Guo 
Phosphuret of lead 1 120 1000 


Hypornospnite oF Leap has not been examined. 


Puospuire or Leap (P+) was prepared by Berzelius by mixing 
chloride of lead with phosphite of ammonia. It is white, tasteless, and 
insoluble, and appears to consist of 1 proportional of oxide of lead +1 
proportional of phosphorous acid. 


- PuospHate or Leap (Pi+)/) is formed by mixing hot solutions of 
chloride of lead and phosphate of soda: according to Mitscherlich, the 
phosphate of soda must be dropped into the solution of lead so as to 
leave the latter in excess, otherwise a subphosphate of lead falls. It is 
white; insoluble in water and in acetic acid; soluble in fixed alkaline 
solutions, and in nitric acid. It is decomposed by sulphuric acid, and by 
hot hydrochloric acid. It fuses before the blowpipe, and the globules 
crystallize in small polyédrons on cooling. It consists of 


Thomson.  Berzelius: Berthier. 


Mecads'ot lead’. “2 P72. S119) 0%, Sop barre poe) 6 me eee 
‘Phosphoricacid . 1 .. 36 .. 2432... 25 . « 24 . « 22°5 \ 
Phosphate of lead 1 148 =: 10000 100 100 100-0 4 
Srsquipasic PHospuatTE or Leap (1: Pu+))/) is obtained by digesting 
the neulral phosphate in ammonia, or by precipitating acetate of lead by 
neutral phosphate of soda: it is white, less fusible than the neutral 
phosphate of lead, and before the blowpipe yields a mixture of metallic 
lead with the neutral phosphate; it consists of 
Berzelius. = 
Gxide of lead. |. Ser ¢i.4 cos ue 2 A . 168... su A235 ee ee 
Phosphoric acid. |. vs gs 6) shP 4, sy SOL 6 Seth) Oo ease eee oe 
Sesquibasic phosphate of lead 1 204 100-00 100-00 


SEsQuIPHOsPHATE OF Leap (Pu+1:/) is the white powder which 
falls when a hot solution of chloride of lead is decomposed by biphosphate 
of soda. It reddens litmus, and consists of 


pi PARES 2 etn tte 


Berzelius. 
Oxideoflead . . . Iv.... W2 . . 6747 « . 69°73) 
‘Phosphoric acid . * 14 . . 54 . . 32°53 . .. 30°269 
-Sesquiphosphate of lead 1 166 100°00 100°000 


BreHosPHATE oF Leap (Pu+2/) is deposited in granular crystals, 
by solutions. of the preceding phosphates in phosphoric acid. ; 
Native Phosphate of Lead has been found in the mines of Cumber- 
land, Durham, Yorkshire, and of Wanlock Head, in Scotland, and in 
many of the foreign mines. Its colour is various shades of green, yellow, 
and brown. Its primitive form is a rhomboid, but it usually occurs in 
six-sided prisms, It is semitransparent and brittle. It appears to bea 


he? 
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subsesquiphosphate of lead combined in variable proportions with chloride 
of lead. Baruel has described a double phosphate of lead and lime from 
the mine of Nussiere, near Beaujeu, in the department of Rhone: he has 
called it Nussterite. (Ann. de Ch. et Ph., uxii. 219.) 


NrrropHosrHate or Leap.—A crystallized combination of phosphate 
and nitrate of lead is obtained by evaporating a solution of phosphate of 
lead in nitric acid. Water decomposes it and resolves it into its-com- 
ponent salts. (BERZELIUSs.) 


SELENIURET oF Luan. ( pl + $@.)—Lead and selenium readily combine 
and yield a seleniuret, which has been found native in the Hartz and at 
Fahlun. It resembles galena, but is less brilliant. It consists of 

H. Rose. 


Lead rll ack SSE dagen i walker idhy bby’ dale ce 71°81 
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Seleniuret of lead 144 100°00 99°40 


SELENITE OF Leap. (pl+ sé.)—Selenious acid and the alkaline 
selenites occasion a white precipitate in solutions of lead, which falls in 
the form of a heavy powder. It is nearly as fusible as chloride of lead, 
and concretes on cooling into a white crystalline mass; it is almost 
insoluble in water, and difficultly decomposed by boiling sulphuric acid. 
It consists of 


Berzeliugs. 
Oxidevat lends. lego: etedI@. Su GEE 
Selenious acid. 1 .. 56 . . 33:34 
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Selenite of lead 168 100°00 


Carsuret or Leap.—The compounds described under this name are 
probably mixtures of finely-divided metallic lead and charcoal. They 
are obtained by decomposing tartrate of lead or cyanuret of lead in close 
vessels: the former has already been mentioned as a pyrophorus. 


- CARBONATE oF Leap. CrRusE. Wutre Leap. (Pi+ car’.)\—This 
important compound of lead is made upon a large scale, and extensively 
employed as a white oil-paint, which is also the basis of the greater 
number of other colours: in England it is chiefly made in London and at 
Newcastle-on-Tyne, to the annual amount of about 16,000 tons. There are 
many processes by which it may be obtained, and much ingenuity has 
been displayed in their modification and improvement, the great objects 
being to obtain it in such a state as that it shall form the most opaque 
and densest body, as it is called, when ground up with linseed, or other 
drying oil, and shall at the same time be of a pure and perfect white. | 

The following is an outline of the several methods by which carbonate 
may be formed. 1. By the precipitation of any of the soluble salts of 
lead by means of the alkaline carbonates. A solution of nitrate or 
acetate of lead is thus decomposed by carbonate of soda; it yields a 
dense white precipitate, which, when washed and dried, is of a pure 
white, but when examined by a magnifier is found to consist of minute 
erystalline grains, a circumstance which interferes with its body or 
opacity to such an extent as to render it unfit for oil paint: it is also a 
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pure or neutral carbonate, and it will appear that the most esteemed 
white lead generally contains more or less oxide or hydrated oxide of 
lead. It varies in texture according as the carbonate is added to the 
nitrate, or the nitrate to the carbonate; the latter mode of precipitation, 
with properly diluted solutions, furnishes the most impalpable powder. 
When the carbonate has once acquired the crystalline texture, no grinding 
or mechanical comminution is capable of conferring upon it the quali- 
ties which fit it for an oil pigment. 2. When carbonic acid gas is 
passed through a hot solution of dinitrate of lead, carbonate of lead is 
thrown down, and the solution reverts to the state of neutral nitrate: this 
is reconverted into subnitrate by boiling with protoxide of lead (powdered 
litharge), and the precipitation continuously repeated. ‘This is the basis 
of Messrs. Button and Dyer’s patent process: they obtain carbonic acid 
for the decomposition of the subnitrate, by the combustion of coke, and 
the gas is purified from sulphurous acid and sulphuretted hydrogen by 
passing it through a washing apparatus, containing chalk and white lead 
diffused through water: the precipitated carbonate of lead is well washed, 
subjected to great pressure so as to condense it into cakes, and then dried 
in stoves. 3. Subacetate of lead (which see) is decomposed by passing 
through it a current of purified carbonic acid gas. The celebrated white 
lead of Clichy is thus prepared. 4. Granulated lead is agitated with 
water, by which a quantity of hydrated oxide of lead is formed, and this 
is subjected to the action of carbonic acid: this process was carried on in 
a large factory at Pimlico, under a patent granted to B. C. Torassa, Wood, 
and Co., but was soon abandoned. 5. Finely powdered litharge is 
moistened, mixed with a little acetate of lead, and submitted during 
constant stirring to a current of heated carbonic acid: in this process, 
patented by Messrs. Gossage and Benson of Birmingham, a subacetate of 
lead is successively formed and decomposed; a small quantity only of the 
original acetate therefore is required. 6. In Hemming’s process for 
making white lead, nitrate of soda is distilled with the requisite quantity 
of sulphuric acid, by which nitric acid and sulphate of soda are formed. 
Oxide of lead is dissolved in the nitric acid, and the sulphate is converted 
into carbonate of soda, in the usual way, by heating with coal and chalk. 
A solution of the carbonate of soda is then added to the solution of nitrate 
of lead, and the results are carbonate of lead and nitrate of soda. Lastly, 
this nitrate of soda is treated as before described. 7. In the Dutch pro- 


cess, introduced into England about 1780, lead is cast into plates or bars, or 


into the form of stars, or circular gratings of six or eight inches in diame- 
ter, and from a quarter to half.an inch in thickness: five or six of these 
are placed one above another in the upper part of a conical earthen vessel 
something like a garden-pot, in the bottom of which there is a little strong 
acetic acid. These pots are then arranged side by side, on the floor of an 
oblong brick chamber, and are imbedded in a mixture of new and spent 
tan (ground oak bark as used in the tan-yard). The first layer of pots is 
then covered with loose planks, and a second range of pots imbedded in 
tan is placed upon the former; and thus a stack is built up so as entirely 
to fill the chamber with alternate ranges of the pots containing the lead 
and acetic acid, surrounded by and imbedded in the tan. | Several ranges 
of these stacks occupy each side of a covered building, each stack con- 


Nae? 


CARBONATE OF LEAD. 3 845. 


taining about 12,000 of the pots, and from 50 to 60 tons of lead. Soon 


after the stack is built up the tan gradually heats or ferments, and begins 


to exhale vapour, the temperature of the inner parts of the stack rising to 
140° or 150°, or even higher. The acetic acid is slowly volatilized, and 
its vapour passing readily through the gratings or folds of lead, gradually 
corrodes the surface of the metal, upon which a crust of subacetate is 
successively formed and converted into carbonate, there being an abundant 
supply of carbonic acid furnished by the slow fermentative decomposition 
of the tanners’ bark. In the course of from 4 to 6 weeks the process is 
completed, and now, on unpacking the stacks, the lead is found to have 
undergone a remarkable change: the form of the castings is retained, but 
they are converted, with considerable increase of bulk, into dense masses 
of carbonate of lead; this conversion is sometimes entire, at others it 
penetrates only to a certain depth, leaving a central skeleton as it were 
of metallic lead, the conversion being unequal in different parts of the 
stack, and varying in its perfection at different seasons, temperatures, and 
states of the atmosphere. The stacks are so managed that they are succes- 
sively being built up and unpacked. The corroded and converted gratings, 
or cakes, are then passed through rollers, by which the carbonate of lead 
(white lead) is crushed and broken up, and the central core of metallic 
lead (blue lead), if any remain, is easily separated: the white lead is 
then transferred to the mills, where it is ground up into a thin paste with 
water, and is ultimately reduced, by the process of elutriation or succes- 
sive washings and subsidences, to the state of an impalpable powder; it 
is then dried in wooden bowls, placed upon shelves in a highly-heated 
stove, and thus brought to the state of masses easily rubbed between the 
fingers into a fine powder, in which the microscope does not enable us to 
discern the slightest traces of crystalline character. If intended for the 
use of the painter, it is next submitted to grinding with linseed oil; and 
it is found that a hundred-weight of this white lead is formed into a 
proper consistence with 8 pounds of oil, whereas precipitated white lead 
requires 16 pounds of oil for the same purpose; the one covering the 
surface so much more perfectly, and having so much more body than the 
other. It is sometimes supposed in this process that jthe oxygen and 
carbonic acid required to form the carbonate of oxide of lead are derived 
from the decomposition of the acetic acid; but this is evidently not the 
case, for not more than 100 pounds of real acetic acid exist in the whole 
quantity of the diluted acid contained in the several pots of each stack; 
and in 100 pounds of acetic acid there are not more than 47 to 48 pounds of 
carbon, whereas 6740 pounds would be required to furnish the carbonic 
acid which should convert 50 tons of lead (the average weight of that 
metal in each stack) into carbonate of lead. There can be no doubt then 
that the carbon or carbonic acid must come from the tan, and that the 
oxygen is partly derived from the same source, and partly from the atmo- 
sphere: the principal action of the acetic acid therefore is to form suc- 
cessive portions of subacetate of lead, which are successively decomposed 
by the carbonic acid: the action is, however, of a very remarkable deserip- 
tion, for even masses of lead, such as blocks of an inch or more thickness, 
are thus gradually converted through and through into carbonate, so that 
if due time is allowed there is no central remnant of metallic lead. The 
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- original texture of the lead is much concerned in the extent and rapidity of i : 


the conversion. Rolled or sheet lead will not answer, and the gratings, 
coils, and stars which are employed, are all of cast-lead. The purest metal 
is also required; for if it contain iron, the resulting white lead acquires a 
tawny hue, and if a trace of silver, it acquires a perceptible dinginess when 
it is subjected to the action of light. 

In this notice of the manufacture of white lead, I have assumed that 
the article which occurs in commerce is a true anhydrous carbonate, and 
such it sometimes is; it has, however, been observed by Mulder, that it 
very commonly contains variable proportions of protoxide. According to 
his analyses, there are three varieties of commercial white-lead, repre- 
sented as follows:— 


No. 1. 2 atoms of carbonate of lead ++ 1 atom of hydrated protoxide of lead. 
2. 8 ditto + 2 ditto 
3. 3 ditto +. J ditto 


Mr. Richardson’s experiments, however, as quoted by Professor Gra- 
ham (Elem. Chem., 591), show that the quantity of oxide in the best 
varieties of white lead is by no means considerable; carbonate of lead 
contains 16°5 of carbonic acid, and 83°5 of oxide of lead per cent. Mr. 
Richardson’s specimens gave the following results:— 


£. II. Iii. IV. Vis VEE: VIL. | VII }> Es: x. 


Carbonic acid .| 13-79 | 15°83 | 13°70 | 1303 | 13:24 | 14-61 | 13°71 | 13:99 | 12°99 | 14:95 


Protoxide of lead! g¢-09 | 83-49 | 85°66 | 85°98 | 86-46 | 84:83 | 86°02 | 86:09 | 86-45 | 85°02 | 


99°70 | 99°32 | 99°36 | 99:01 | 99°70 | 99-44 99-73 | 100-08 | 99:44 | 99-97 


ce ee 


These specimens were all dried at a temperature of 300° before 
analysis, No.l was made by transmitting carbonic acid through subacetate 
of lead. No.2, Krems white. Nos. 3, 4,and5, were made by causing 
small pieces of lead to be agitated in a tub into which carbonic acid was 
passed. Nos. 6, 7, 8, 9, and 10, were made by the tan-pit process, but 
each by a different manufacturer. 

Large quantities of sulphate of baryta are occasionally added to white 
lead, by which its valuable properties are proportionately deteriorated ; 
the adulteration is easily detected by digesting the sample in dilute nitric 
acid, which dissolves the carbonate of lead, but leaves the sulphate of 
baryta; the articles known on the continent under the names of Venice 
white; Hamburgh white, and Dutch white, are avowedly mixtures of sul- 
phate of baryta with carbonate of lead, the first of equal parts, the second 
2 of the sulphate, and the third 3 of the sulphate, to 1 of the carbonate. 
Clichy white, Krems or Kremnitz white, and Silver while, are pure car- 
bonate of lead. A very minute addition of indigo or of lamp-black is 
sometimes made to white lead to give it a slight bluish shade. 

Carbonate of lead is usually in the form of a heavy white powder, 
insoluble in water, and very sparingly soluble in aqueous carbonic acid; 
its specific gravity varies from 6'4 to 6°75. It entirely dissolves with 
effervescence in acetic and in dilute nitric acid. It is immediately dis- 
coloured and ultimately blackened by sulphuretted hydrogen, whence the © 
necessity of the most cautious exclusion of all sources of that compound 
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in white-lead works. When carefully heated in the contact of air, car- 
bonate of lead loses carbonic acid, and furnishes by proper management 
a beautiful minium. The components of carbonate of lead are :— 


Berzelius. Chevreul. Klaproth. Chenevix. 

pride of land=.0.).1, 112) Seessnaee 2) 895° 83°64 2: 83°67. 85 

Carbonic acid . oe FG te COs 16°42 - 165 -. 16°36 16°33": 45 
] 
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Carbonate of lead 134 100°00 1000 100°00 100:00 {100 


Native Carbonate of Lead is one of the most beautiful of the metallic 
ores; it occurs crystallized, and fibrous, the former transparent, the latter 
generally opaque. It is soft and brittle, and occasionally tinged green with 
carbonate of copper, or gray by sulphuret of lead. The octoédron is its 
primitive form: it also occurs prismatic and tabular. It has been found 
in Cumberland and Durham; and the acicular variety, of great beauty, in 
Cornwall. 


Cyanurer or Leap ( pl + CY) falls in the form of an insoluble white 
powder when cyanuret of potassium is added to a solution of nitrate of 
lead, or when hydrocyanic acid is dropped into acetate of lead: heated to 
redness in a glass tube, it gives out nitrogen, and leaves the pyrophoric 
carburet of lead above noticed. 


Cyanate oF Leap (Pi+ Cy’) is thrown down in the form of a white 
crystalline precipitate when cyanate of potassa is added to acetate of lead ‘ 
it is anhydrous, and consists of 77 oxide + 23 acid. ( Wouter. ) 


SULPHOCYANURET oF Leap forms yellow opaque crystals, which are 
obtained by mixing concentrated solutions of sulphocyanuret of potassium 
and acetate of lead; they are resolved by water into hydrosulphocyanic 
acid and a basic sulphocyanuret: this basic salt may be formed by adding 
sulphocyanuret of potassium to subacetate of lead; it is an insoluble crys- 
talline powder of a yellowish white colour. ( LIEBIG.) 


FERROCY ANURET oF Leap. ( at e+2 pl +3CY.)—When nitrate of lead 
is decomposed by excess of ferrocyanuret of potassium a white precipitate 
falls, which, when dried and gently heated, loses water. In what may 
be termed its hydrated state, it consists, according to Berzelius, of 1 
equivalent of hydrocyanate of protoxide of iron, and 2 equivalents of 
hydrocyanate of protoxide of lead; and, after having been heated, of 
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CoBALTO-CYANURET OF Luav.—Cobalto-cyanuret of potassium causes 
a slight precipitate in solution of acetate of lead; on adding ammonia, 
the precipitation is complete; it forms a white granular powder. 


Borate or Leap (Pu+00/) is precipitated in the form of a white 
powder, when borate of soda is mixed with nitrate of lead: it fuses-into a 
colourless glass, and probably consists of 1 atom of boracic acid and 1 
atom of protoxide of lead; but it has not been analyzed. Boracie acid 
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and oxide of lead may be fused together in all proportions; the neutral 
borate so formed is extremely fusible, the biborate less so, and the tri- 
borate as hard as glass. Mr. Faraday employed this compound in con- 
junction with silicate of lead to form a glass for optical purposes. (Phil. 
Trans.) 


Atxoys or Leap.— With potassium lead forms a brittle and very fusi- 
ble alloy; it may be obtained by fusion; and according to Serullas (Amn. 
des Mines, viii.), by exposing a mixture of 100 parts of litharge and 60 of 
calcined tartar to a strong heat for two hours in a covered crucible. The 
alloy of sodium is less brittle and fusible. When exposed to air, these 


alloys suffer decomposition in consequence of the oxidizement of the | 


alkaline bases, and in water the lead separates unaltered and the sodium 
is converted into soda. (Gay Lussac, Recherches Phys. Chim., i. 241.) 
The alloy of lead and manganese has not been examined. When lead is 
fused with iron, two alloys are obtained; that at the bottom of the cruci- 


ble consisting of lead with a little iron, while the superficial portion is © 


iron with a little lead. (Morveav, Ann. de Ch., tyil.) With zine, lead 
forms a hard ductile alloy. (Gmetin, Ann. de Ch., ix.) With tin, lead 
forms several useful alloys which are somewhat less dense than the mean. 
Common pewter consists of about 80 parts of tin and 20 of lead. Equal 
parts of lead and tin constitute plumbers’ solder. When pieces of copper 
are thrown into red-hot melted lead, they soon disappear and form an 
alloy of a gray colour, brittle, and granular in texture; what is termed 
pot-metal is an alloy of this kind. Lead has not been combined with 
nickel. “With cobalt the alloys are hard and brittle, except where the lead 
predominates. (GmeEtin, Ann. de Ch., xix.) 


Cuaracters or THE Satts or Leap.—The soluble salts of lead have _ 


a sweet austere taste, and are characterized by the white precipitate pro- 


duced by ferrocyanuret of potassium, the black by sulphuretted hydrogen, |. 


the deep-brown by hydrosulphuret of ammonia, the yellow by iodide of 


potassium, and the white by sulphuric acid and the soluble sulphates. — 


The salts insoluble in water are dissolved by soda and potassa, or by 
nitric acid, when the metal is rendered manifest by sulphuretted hydrogen 
and other tests. When these salts are boiled with carbonate of soda, 
they afford carbonate of lead, which may be dissolved in acetic or dilute 
nitric acid, and subjected to the usual tests. Heated by the blowpipe 


upon charcoal, they afford a button of metal. Lead is precipitated from _ 
its solutions, in the metallic state, by many of the other metals. Zine 


and cadmium separate metallic lead from the nitrate: iron only effects its 
partial decomposition when in a very dilute state. Chloride of lead is 
slowly but entirely reduced by zinc, cadmium, and iron, but tin produces 
no effect except free hydrochloric acid be present. All the difficultly- 


soluble salts of lead may be decomposed and reduced, by mixing them ~ 


with dilute hydrochloric acid, and immersing a plate of zinc in the liquid. 
Zine, cadmium, and tin, decompose the alkaline solutions of oxide of lead, 
but iron is without action upon them. The appearance of the metallic 
lead, in these cases, depends upon the state of the solution, which, if con- 
centrated, yields it in dull dendritic crystals, but if dilute, in. large 
metallic leaves. | 
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§ XVIL ANTIMONY. 


__ _ Tarts metal was first made known by Basil Valentine, towards the end 
of the 15th century. It is found native in Sweden, in France, and in the 
Hartz; but its principal ore is the sulphuret, the stibium of the ancients, 
which is found massive and crystallized, and of which there are several 
varieties. The most common is the radiated, which is of a gray colour, 
brittle, and frequently crystallized in four and six-sided prisms. 

_ Antimony is obtained from the native sulphuret by the following 
process: Mix 4 parts of the powdered ore with 3 of tartar and 13 of 
mitre, and throw the mixture by spoonfuls into a red-hot crucible ; then 

heat the mass to redness, and a button will be found at the bottom of the 
crucible, which is the metal as it commonly occurs in commerce, and is 
nearly pure. The scorie upon the surface contain sulphuret of potassium 
and antimony. Antimony may also be procured by carefully roasting the 
native sulphuret so as to convert it into oxide of antimony, which oxide 
_is then reduced to the metallic state by fusion with black flux, or with the 
addition of common soap; a button of antimony is thus obtained, which, 
however, contains traces of iron and generally of potassium, and perhaps 
some other metals; it is further purified by again fusing it with about 
one-fourth its weight of oxide of antimony; on cooling, the impurities are 
found in the superficial slag, and the metal underneath is extremely pure. 
Antimony is of a silvery-white colour, brittle and crystalline in its 
_ ordinary texture, so that when broken it exhibits splendid facets, and the 
surface of the ingot as it has cooled in the crucible generally has a beau- 
tiful stellated appearance; the alchemists considered this star as a 
Mysterious guide to the secrets of transmutation. It fuses at about 800°, 
or at a dull red-heat, and is volatile at a white heat. Its specific heat, 
as determined by Regnault, is 0:05077. Its specific gravity is 6-712. 
(Hatcnerr, Phil. Trans., 1803.) Placed upon ignited charcoal, under a 
_ current of oxygen gas, antimony burns with great brilliancy, throwing off 
its oxide in the form of a dense yellow smoke. The equivalent of anti- 
_-Mony is 65. (64:5 Gmutin, 64°62 Turner.) Its symbol is @N or Sb 
(stibium). ; 


_ AnTIMony AND Oxycrn.—Some difference of opinion has prevailed 
among chemists respecting the number of the definite oxides of antimony: 
it is probable that there are at least three, of which one only, the prot- 
oxide, is salifiable. The composition of these oxides has also been 
variously stated, and difficulties have occurred in assimilating them to the 
atomic theory: the most accurate and satisfactory experiments upon the 
subject are those of Berzelius{(Ann. de Ch. et Ph., xvii.), from which it 
_ would appear that the oxygen in the protoxide is to that in the peroxide, 
not as | to 2 but as 1°5 to 2°5, or as 3 to 5, and that in the three oxides, 
1 atom of antimony is united with 1°5, 2, and 2°5 of oxygen; it will be 
_ found that in the constitution of the oxides there are analogies between 
antimony and arsenic, 
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sMeretore represents this oxide by (+30) or SbOs. —It is thus 
obtained: (1.) To 200 parts of sulphuric acid add 50 parts of powdered ~ 
metallic antimony, boil the mixture to dryness, and wash the dry mass, first 
in water, and then with a weak solution of carbonate of potassa; a white 
powder remains, which, when thoroughly washed with hot water, is 
protoxide of antimony. (2.) It may also be procured by digesting finely- 
powdered sulphuret of antimony in about four times its weight of hydro- 
chloric acid, sulphuretted hydrogen is evolved, and a solution of chloride 
of antimony is formed which may be decomposed by excess of carbonate 
of potassa, carbonic acid escapes, and protoxide of antimony falls, which — 
is collected on a filter, washed, and dried at 212°; it is then anhydrous. 
(3.) When ammonia is added to a concentrated solution of tartrate of 
potassa and antimony, and heat applied to the mixture, a white powder 
falls, which, when washed and dried, is protoxide of antimony. (4.) 
Dumas gives the following as an economical method of preparing this 
protoxide: Heat pulverized antimony in a shallow vessel exposed to air, 
so as to oxidize it; when the oxidation has advanced, it takes fire and 
becomes ignited throughout, and the protoxide passes into antimonious 
acid, but is mixed with metallic antimony; the whole is then transferred 
to a crucible in which it is heated till it fuses, when the antimonious acid 
is reduced to the state of protoxide by the excess of the metal, and a mass 
of fused protoxide and a button of metallic antimony are the results. 

Protoxide’ of antimony is white, fusible, and volatile at a red heat, 
undergoing no change in close vessels, but condensing in acicular crystals; 
after fusion it concretes into a silky crystalline mass of a gray colour; — 
if air be present, it undergoes a kind of combustion, and passes into the 
state of deutoxide. It is decomposed by sulphur and charcoal, and when 
acted on by nitric acid, is converted into peroxide; if heated with 
chlorate of potassa, it deflagrates and also becomes peroxidized; it is solu- 
ble in hydrochloric acid, and it forms emetic tartar when boiled in solu-_ 
tion of bitartrate of potassa. When recently precipitated, and digested 
in caustic potassa, it is partly converted into a gray powder, which is a — 
compound of the oxide and the alkali, very difficultly soluble. A similar — 
combination may be obtained with soda and ammonia. . When metallic — 
antimony in fusion is exposed to a bright red-heat with the imperfect — 
access of air, it is converted into an oxide, which appears to be the prot-_ 
oxide, and oie condenses in long and delicate needles when sublimed; 
this was formerly called Argentine flowers of Antimony. This is the one ; 
salifiable oxide of antimony: it consists of 
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DevtoxipE or Antimony. AntTimonious Acip, (A72+-20) or 2Sb 40, 
or according to Graham Sb O 4, is the result of the above-mentioned com- 
bustion of the protoxide. It is also obtained by exposing the peroxide to- 
ared heat. It is white, but assumes a yellow colour when heated; fixed 
and infusible in the fire; nearly insoluble in nitric acid and sulphuric acid, 
and sparingly soluble i in hydrochloric acid, from which it is rec pitanelll 
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on dilution; when this hydrochloric solution is carefully evaporated, the 
deutoxide is sometimes obtained in nacreous acicular crystals. It readily 
combines with potassa by fusion, and the resulting compound (antimonite 
of potassa) dissolves in water, and furnishes, upon the addition of an acid, 
a white precipitate of hydrated deutoxide, which, when thoroughly edul- 
corated, has the property of reddening litmus, It consists of 
3 - Proust. Thenard. Berzelius. Thomson. 
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Sa.ts or tHE ANnTrMonious Acip. AnTIMONTTES.—Thege compounds 
haye been examined hy Berzelius. (Nicuotson’s Journal, xxxv.) They 
are formed by double decomposition with the solution of antimonite of 
potassa. In these salts the oxygen in the base is to that in the acid as 
1 to 4. 


ANTIMONITE OF Porassa is formed by fusing a mixture of potassa and 
antimonious acid; the product is washed in cold water to remove excess 
of alkali; the residue is resolved by boiling water into a soluble antimo- 
nite consisting of 23 potassa +77 antimonious acid, and into an insoluble 
antimonite in which there is excess of the acid. im 


Antivonitr or Lime is a white crystalline powder, of difficult solu- 
bility in water. 


? Antimonite or Baryta.—Antimonite of potassa added drop by drop 
to a boiling solution of chloride of barium causes a gradual deposit of 
silky acicular crystals, sparingly soluble in water, and permanent in the 
air. | 

ANTIMONITE OF MANGANESE is white and moderately soluble in water, 


AntTiIMoniTE oF Copatt is a bulky lilac-coloured precipitate having no 
appearance of crystallization; it dissolves in hot water; when dried in the 
air, it retains 25 per cent. of water. 


ANTIMONITE oF Copper is a bulky green insoluble powder. 


ANTIMONITE oF Leap is an insoluble white powder. 


Prroxipe or Antimony. ANTIMoNic AcrD, (di +2:0), or An/, 2 Sb 
+50 Turner, (SbO5 Granam,) is procured: 1. By acting for a consi- 
derable time upon the powdered metal, by excess of hot nitric acid, and 
exposing the product toa heat of about 500°. 2. By dissolving antimony 
in nitrohydrochloric acid, evaporating to drive off the excess of acid, and 
then pouring water upon the residue: the antimonic acid separates (in - 
the form of hydrate); when washed upon a filter and carefully dried at 


about 500° it becomes anhydrous: ata red heat it gradually loses such 


proportion of its oxygen as to become antimonious acid (or deutoxide). 

3. When antimoniate of potassa is decomposed by nitric acid, nitrate of 

potassa and hydrated antimonic acid (@n +2:0)+(h+ Q) are the resulis. 

The diaphoretic antimony and Bezoar mineral of old Pharmacopeiw 

consisted of this oxide, which, compared with the protoxide, is nearly 
: 312 
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inert. Antimonic acid is pale yellow, tasteless, and insoluble in water. 
It neither fuses nor volatilizes at a bright red-heat, but loses oxygen and 
becomes antimonious acid: when exposed to the flame of a spirit-lamp 
urged by a blowpipe, it passes off slowly in white fumes. It does not 
decompose the alkaline carbonates in the humid way, but at a red heat 
it expels their carbonic acid, and combines with the base. It dissolves 
in the liquid caustic alkalis, and in hydrochloric acid when in the state of 
hydrate; but after exposure to a dull red-heat, becomes of extremely 
difficult solubility. It consists of j 
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SaLts oF THE Antimonic Acip. ANtTIMoNIATES. — These salts are 
obtained chiefly by double decomposition; as by adding the antimoniate 
of potassa to the soluble salts of the other metals: they are mostly diffi- 
cultly soluble or insoluble. In the neutral antimoniates the oxygen in 
the base is to that in the acidas1] to 5. (Brrzenius, Nicholson's Journal, 
XXXYV.) . 


ANTIMONIATE oF Ammonia is formed by digesting antimonic acid in 
ammonia. On evaporation a super-antimoniate of ammonia is obtained 
in the form of a white powder. 


ANTIMONIATE OF, Porassa is contained in the white powder obtained 
by igniting a mixture of 6 parts of nitre and 1 of antimony, and washing 
the residue with cold water. It partially dissolves in hot water, and this 
solution produces precipitates of insoluble antimoniates in several other 
metallic solutions: an antimoniate with excess of acid remains un- 
dissolved. 


ANTIMONIATE OF Limr.—Solution of antimoniate of potassa dropped 
into chloride of calcium produces a precipitate, at first redissolved, but 
afterwards permanent and adhering to the glass like carbonate of lime. 


ANTIMONIATE OF Baryrta is a light flocculent insoluble powder, from 
which dilute nitric acid abstracts the baryta and leaves the acid: ‘it is 
formed by adding antimoniate of potassa to chloride of barium. 


ANTIMONIATE OF MANGANESE is a white powder, permanent in the 


air and little soluble in water. When heated it gives out water and ~ 


becomes gray: at a red heat it again becomes white. 


ANTIMONIATE OF Iron. — Antimoniate of potassa throws down a 
_white precipitate in the protosalts of iron, which becomes yellowish when 
removed from the solution and dried. When heated it gives out water 
and reddens. Before the blowpipe it is reduced; the antimony is volati- 
lized, and iron obedient to the magnet remains. | 


ANTIMONIATE OF ZINC, precipitated by antimoniate of potassa from 
sulphate of zinc, is a white crystalline powder, very. sparingly soluble .in 
water: it gives out water and becomes yellow when heated: it is not 
reduced by the blowpipe on charcoal. 
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ANTIMONIATE OF CoBaLr is a red crystalline precipitate, sparingly 
soluble in water. | 


ANTIMONIATE OF NIcKEL is an insoluble greenish-white powder. 


ANTIMONIATE oF CoprEeR is a bulky green insoluble precipitate. 
Before the blowpipe it leaves a button of copper and antimony. : 


AnTimontATE oF Leap is an insoluble white powder, becoming yellow 
when heated, and reducible before the blowpipe into an alloy of lead and 
antimony. 


-AntTIMony and Cutortne. Protocutorwe or ANntIMony. Srsqut- 
CHLORIDE or ANTIMONY. (@0+1:C.)—The powdered metal’ takes fire 
when thrown into gaseous chlorine, and a compound, at first liquid, but 
afterwards concreting (if the antimony be in excess), is formed. This 
compound may be more definitely produced by the distillation of 1 part 
of powdered metallic antimony with 21 of perchloride of mercury; or by 
dissolving the protoxide of antimony in hydrochloric acid, and evaporating 
to dryness out of the contact of air. 

The protochloride of antimony is a soft solid at common temperatures, 
but becomes liquid by a gentle heat, and crystallizes as it cools. It is 
the butter of antimony of old writers. It deliquesces by exposure to air, 
and is a powerful caustic. When water is added to this chloride of anti- 
mony, a mutual decomposition ensues, and hydrated oxichloride of anti- 
mony and hydrochloric acid result. It slowly absorbs about 6 per cent. 
of ammonia: the compound does not deliquesce, but the ammonia is 
entirely expelled by a gentle heat. Protochloride of antimony consists of 
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Protochloride of antimony is sometimes used for bronzing metals, 
especially gun barrels, which are cleaned and rubbed over with it: a film 
of antimony is precipitated upon the iron: some sulphate of copper is 
generally added to the chloride of antimony. 


| Percutoripe or Antimony (€N+2C) is formed by passing dry 
chlorine over heated antimony. It is a volatile transparent liquid, which 
emits copious fumes when exposed to air. When dropped into water a 
hydrated peroxide of antimony falls, and hydrochloric acid is formed. 
(Rosz, Ann. of Phil. N. S., x.) It consists of | 
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OXICHLORIDE or ANTIMONY. — When protochloride of antimony is 
mixed with a large quantity of water, a precipitate falls, which was for- 
merly used as an emetic, under the name of Algarotti’s powder, or Mer- 
curius vite. The same compound is formed on diluting a solution of 
antimony in nitrohydrochloric acid. When first thrown down it is 
white and curdy, but afterwards assumes a yellowish-gray colour and 
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becomes pulverulent or crystalline: it does not dissolve in water: it is 
fusible, and concretes on cooling into a translucent crystalline mass. By 
continued washing with hot water, and by the action of the alkaline 
carbonates, it leaves sésquioxide. According to Phillips, Johnston, and 
Malaguti, this compound consists of 2 atoms of the sesquichloride+9 of 
the sesquioxide. 


CHLORATE oF ANTIMONY has not been examined. 


SesquiopIDE oF ANTIMONY.—Antimony and iodine combine when 
triturated together, and form a brown compound, fusible and volatile 
without decomposition; acted upon by water, it produces hydriodic acid 
and an oxiodide of antimony. When powdered antimony and iodine are 
boiled together in water, hydriodic acid and protoxide of antimony are 
the results. 


TopATE oF ANTIMONY is unknown. 


SusquipromipE or Antimony.—The action of bromine on antimony 
is attended by the disengagement of heat and light, and the compound is 
readily obtained by distillation, as in the process for preparing bromide 
of arsenic: it is solid at common temperatures, is fused at 206°, and boils 
at 518°. It is colourless, and crystallizes in needles; it attracts moisture 
from the air, and is decomposed by water. (SERULLAS.) 


SresquirLuoRIDE oF Antimony is a white solid compound, more 
volatile than sulphuric acid. (Dumas, Ann. de Ch. et Ph., xxxi. 435.) 


Nitric Aci acts powerfully on metallic antimony, and, if mixed 
with it in fine powder, will sometimes cause its inflammation: the 
metal becomes peroxide, and scarcely an appreciable portion is. retained 
in solution. Asin some other cases of the vehement decomposition of 
nitric acid, ammonia is produced, which may be rendered sensible by 
pouring potassa on the white magma that results, and by which the 
nitrate of ammonia is decomposed. Protoxide of antimony, digested in 
dilute nitric acid, produces a difficultly-soluble salt, which separates in — 
white scaly crystals, and which appears to be a nitrate of antimony. __ 


Nirronyprocuioric Acip readily dissolves antimony, and forms an 
orange-coloured solution, which 1s decomposed by the addition of water. — 
Tron or zinc immersed into this solution throw down a black powder, 


which, according to Thenard, is pyrophoric. | 4 | 


‘SutpuHuRET or ANTIMONY. SESQUISULPHURET OF ANTIMONY. (Q10+ i $8) 
2Sb+38 Turner, Sb Ss Granam.— This compound may be formed 
artificially by fusing the metal with sulphur. Its colour is dark-gray and 
metallic; its specific gravity 4°36. It closely resembles the native sul- 
phuret. When this sulphuret is exposéd under a muffle to a dull red- 
heat, it gradually loses sulphur, and absorbs oxygen, being converted into 
a gray powder, which consists of a mixture of protoxide of antimony and 
sulphuret. If the heat be increased, this fuses into a transparent sub- — 
stance of a yellow or brown colour, formerly called Glass of antimony, the — 
composition of which is variable; it generally contains about 85 per cent. 
of protoxide and 15 of sulphuret. In that which is imported for pharma- 
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ceutical purposes, from Germany and Holland, there is usually a portion 
of silicious earth, and it is sometimes adulterated with oxide of lead. 
This fraud is detected by digesting the finely-powdered glass in hot nitric 
acid, diluting the solution, and filtering. The filtered liquor gives a 
white precipitate on the addition of sulphate of soda, if lead be present. 
During the formation of glass of antimony, if the heat be raised too high, 
the greater part of the oxide sublimes in slender crystalline needles, 
(which are generally regarded as protoxide, but which Mr, Phillips found 
perfectly insoluble in a solution of bitartrate of potassa;) while another 
portion, if air be not excluded, passes into the state of deutoxide, and 
undergoes no further change at a very high temperature. Compounds of 


the protoxide with larger quantities of the sulphuret have been termed 


Saffron of antimony or Crocus metallorum, and Liver of antimony. 

When sulphuret of antimony is deflagrated with nitre, the residue 
consists of sulphate and antimoniate of potassa. When boiled with 
sulphuric acid, sulphur is separated, sulphurous acid evolved, and a 
sulphate of antimony is formed, from which water precipitates a subsul- 
phate. With hydrochloric acid, sulphuretted hydrogen is evolved, and a 
solution of chloride of antimony in hydrochloric acid is formed, together 
with more or less of the sulphuretted oxide. Chlorine passed over heated 
sulphuret of antimony forms chloride of sulphur and sesquichloride of 
antimony. With nitrohydrochloric acid it yields chloride of antimony 
and sulphur, and if there be excess of nitric acid, sulphate and: peroxide 
of antimony are also produced. Hydrogen gas passed over this sulphuret 
at a red heat, carries off the sulphur in the form of sulphuretted hydrogen, 
and metallic antimony remains. Charcoal decomposes sulphuret of anti- 
mony at high temperatures, and sulphuret of carbon and metallic anti- 
mony are the results: it is also desulphurized by the action of iron and 
some other metals, at high temperatures. This sulphuret of antimony, 
whether native or artificial, consists of 
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Kermes Minerat, GoLpEN SuLpHuRET or Antimony. — Under 
these names, and also under those of Precipitated sulphuret of antimony 


and Oxisulphuret of antimony, certain products have been described of 


es 
¢ 


variable composition, and respecting the nature of which chemists are 
not agreed. 
When solutions of antimony are decomposed by sulphuretted hydrogen, 


red, brown, or orange-coloured precipitates result, which vary in appear- 


ance and composition with the nature of the solution. The most definite 
combination of this kind is that which is thrown down when sulphuretted 
hydrogen is passed through an aqueous solution of the tartrate of anti- 
mony and potassa (emetic tartar). It is of a red colour inclining to 
orange, and when dried in the air retains its colour: it was generally 
considered as a compound of sulphuretted hydrogen and sesquioxide of 
antimony (hydrosulphate of antimony); and, inasmuch as when heated it 
loses water and passes into the state of gray sulphuret of antimony, it 
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was presumed that, under such circumstances, there was a mutual decom- 


position of the oxide and the sulphuretted hydrogen. But it has been 
found that this precipitate may be rendered anhydrous by careful drying, 


and that it still retains its red colour; but that when more strongly 
heated it shrinks in bulk and suddenly assumes the colour and lustre of 
the gray sulphuret: hence it has been regarded as a hydrated sesqui- 
sulphuret of antimony, and its colour (and medicinal activity?) have been 
referred to its state of division. 


Kermes mineral is generally prepared as follows: —Equal parts of sul-_ 
phuret of antimony and of potassa are fused together; the resulting mass. 


is finely powdered, and boiled in ten times its weight of water. The 
liquor is filtered while hot; and, during cooling, it deposits kermes. The 
mother-liquor of kermes deposits a copious yellowish-red precipitate upon 
the addition of dilute sulphuric acid, which, when washed and dried, is 
known under the name of Golden sulphur of antimony. 


According to Berzelius, when 3 atoms of potassa and 1] of sesquisul- - 


phuret of antimony are fused together, they yield 3 atoms of sulphuret of 
potassium and 1] of sesquioxide of antimony. The sulphuret of potassium 
unites with undecomposed sesquisulphuret of antimony, forming a double 


sulphuret or sulphur salt; and the sesquioxide of antimony unites to_ 
undecomposed potassa, to form antimonite of potassa; so that when hot — 


water is added, a solution is obtained, holding the double sulphuret of 
antimony and potassium, and antimonite of potassa. As the solution 


cools sesquisulphuret of antimony subsides, merely because the solvent 
power of the sulphuret of potassium is diminished by cooling, and it car-_ 


ries down with it a variable quantity of antimonite of potassa, apparently 


in combination, inasmuch as it cannot be removed by washing. The cold 
solution still contains double sulphuret of antimony and potassium, 


and also antimonite of potassa: on adding to it the dilute acid the sul- 
phuret of potassium becomes converted into sulphuretted hydrogen and 


potassa (by decomposition of water), and the antimonite of potassa is 


decomposed by the abstraction of its potassa; so that the sesquisulphuret 
and the sesquioxide of antimony being both deprived of the principles 


which gave them solubility, are precipitated in the form of what is called — 
golden sulphuret, and which differs from kermes in the absence of potassa 


* 


and in containing more oxide of antimony, and perhaps, as Dr. Turner — 
observes, in being, or containing, an oxisulphuret. The following, there- — 
fore, are the components of kermes and the golden sulphuret, the relative — 


proportions of their proximate elements being probably indefinite-— =~ 


__ § Golden sulphur 


Sesquisulphuret of are oi ores Sesquisulphuret of aneEne. { 
Zz " “ ) of antimony. 


Antimonite of potassa . . Sesquioxide of antimony . . 


The oxisulphuret of antimony of the Pharmacopceia is probably a mix- 
ture of kermes and of the golden sulphuret; it is necessarily somewhat 


indefinite in its composition, and therefore objectionable as a medicine: 
the medical powers of the sulphuret precipitated by sulphuretted hydro- 


gen from a solution of emetic tartar have not been well ascertained, but 


it would be an advantage if some definite oxisulphuret of antimony could — 


. * . 
AS ee es a ee ee ed 


be ‘substituted for the above: it is certainly not very probable that a 


highly active antimonial, medicinally, should be a mere sulphuret of 
antimony, owing its activity to its state of mechanical division; whether 
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kermes is a mixture or a combination of sesquisulphuret of antimony 
with antimonite of potassa has not been determined, but it is probable 
that either oxide of antimony or antimonite of potassa are essential to its 
medicinal powers, and therefore, any mere sulphuret of antimony ought 
not to bear the name of kermes. Mr. Phillips gives the following as the 
composition of the “Antimonii oxysulphuretum” of the Pharmacopezia. 
(Transl. Lond. Pharm.) | 


Sesquioxide of antimony . 12:0 
Sesquisulphuret of antimony 765 
Waters? se) Goi ses 


ee 


100°0 


The question respecting the nature of the above-mentioned golden 
sulphuret, is simplified by considering it merely in reference to the pre- 
cipitation of solution of protoxide of antimony by sulphuretted hydro- 
gen. When a solution of emetic tartar (which contains the protoxide of 
antimony), acidulated by tartaric acid, is decomposed by sulphuretted 
hydrogen, the precipitate which falls, when collected, edulcorated by hot 
water, and dried at 212°, is hydrosulphuretted protoxide of antimony 
(G7 4-130) +14 ($+ h). When heated, water is evolved and sesquisul- 
phuret of antimony remains; or we obtain 13:()+ 0) and (AN+1: 8). 
When it is obtained by the other more complicated processes it varies in 
composition and in medicinal activity, containing probably a compound 
of oxide of antimony and potassa, and a portion of the double sulphuret 
of potassium and antimony, which is one of Berzelius’ sulphur salts. 


OXIsULPHURET or AntTIMony.—It has already been stated that glass 
of antimony is a compound of sulphuret and oxide of antimony, and that 
some of the other medicinal preparations of antimony, just described, 
are analogous combinations of variable proportions of the sulphuret 
and oxide. - To this class of compounds belongs also the beautiful and 


_Yare ore of antimony, called red antimony; it generally occurs in delicate 


capillary crystals, consisting, according to H. Rose, of 2 atoms of sesqui- 
sulphuret and 1 of sesquioxide of antimony. 


SULPHITE OF ANTIMONY is an insoluble white salt, obtained by digest- 
ing the protoxide in sulphurous acid, or by passing sulphurous acid into 


' protochloride of antimony. 


SULPHATE OF ANTIMONY is the white saline mass formed by boiling 
powdered antimony in sulphuric acid. Water resolves it into an insoluble 
subsulphate and a soluble supersulphate: the latter may be obtained in 
small deliquescent acicular crystals by evaporation. 


IopOsULPHURET oF ANTIMONY is procured, according to Henry and 
Garot by triturating together equal parts of iodine and sulphuret of anti- 
mony; it is of a reddish-brown colour, and when heated gives a red 
vapour, which condenses in red lamine. It consists of 23:2 a 
67°9 iodine, 8-9 sulphur. This compound is very fusible and volatile, and 
is decomposed at a high temperature. Acted on by water it yields prot- 


oxide of antimony, sulphur, and hydriodic acid: its taste is acrid and 
disagreeable. — | Ais 


ntimony, 


DT «| rane 
‘ 
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SELENIURET oF ANTIMONY. Selenium and antimony readily combine 
with evolution of heat; the compound has metallic lustre and crystalline 
fracture. 


Puospuuret or Antimony is formed by heating together equal parts 
of oxide of antimony, phosphoric acid, and charcoal. It is white and 
brittle. (PELLETIER. ) | 

Nothing is known respecting either the Hypophosphite or the Phos- 
phite of antimony. 7 


Puospuate or Antimony.—When protoxide of antimony is digested 
in phosphoric acid it is dissolved, but affords no crystallizable salt on 
evaporation. 


AntimontAt Powper.—In the London Pharmacopeia there is a pre- 
paration called Pulvis Antimonialis Compositus, formed by heating 1 part 
of sulphuret of antimony with 2 of hartshorn-shavings. The action of 
heat upon the sulphuret has already been described. Its effect upon the 
hartshorn-shavings is to destroy the animal matter, leaving little else 
than phosphate of lime. So that the Pulvis Antimonialis consists essen- 
tially of an oxide of antimony, mixed with phosphate of lime. This pre- 
paration is usually considered analogous to, if not identical with, James's 
Powder, which, according to Dr. Pearson’s analysis (Phil. Trans., 1791), 
consists of 43 phosphate of lime, and 57 oxide of antimony. Be this 

as it may, the antimonial powder of the Pharmacopeia is an uncertain 
and ill-contrived preparation: its activity depends upon the proportion of 
protoxide which it contains; but a great part of the protoxide may be 
volatilized, or converted into deutoxide, of a mixture of which, with 
phosphate of lime, the antimonial powder generally consists. Accordingly, 
in examining antimonial powder from various sources, prepared after the 
direction of the Pharmacopeia, it is found of variable composition; and 
it is very difficult so to conduct the process as to obtain, upon the large 
scale, an uniform product. For medical use, emetic tartar seems the only 
certain and necessary preparation of antimony; if, however, a compound 
of the nature of the antimonial powder be requisite, one of the best modes 
of preparing it would be to dissolve certain proportions of protoxide of 
antimony and phosphate of lime in hydrochloric acid, precipitate by 
ammonia, and edulcorate with water. Mr. Chenevix advises for this 
purpose equal parts of the oxide and phosphate, but such proportion of 


antimony is too great. (See in reference to the composition and proper- — 
ties of James's powder and antimonial powder, Pareira, Mat. Med., 404.) — 


Neither Carbonate, Cyanuret, nor Borate of antimony are known to 
exist. | | 


Attoys or AnTIMoNY.—With potassium and sodium antimony forms 
white brittle compounds, destructible by the action of air and water. 
The alloy of potassium and antimony may be formed by heating to redness 
in a covered crucible a mixture of equal parts of finely-powdered anti- 
mony and tartar for about three hours. When cold, the crucible must be 
broken, the button of alloy freed from the scorie, broken into pieces, 
and preserved in a well-stopped phial. . By substituting tartrate of soda 
for common tartar the alloy of sodium and antimony may be obtained: 
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and a mixture of soda-tartrate of potassa and powdered antimony, yields 
the triple alloy of antimony, potassium, and sodium. When these alloys 
are reduced to powder, and exposed to air, they heat, and take fire like 
pyrophorus, and if blended with excess of carbon they burst into sudden 


_ ignition on exposure, and especially on .the addition of a few drops of 


water. (Srruuas, Ann. des Mines, vi.) Nothing is known of the alloys of 
antimony with the other light metals, nor with manganese, cadmium, or 
cobalt, Antimony and iron combine by fusion, and form a white alloy, 
the density of which exceeds the mean of its components, 2 parts of 
sulphuret of antimony fused with 1 of iron, yield a slag of sulphuret of 
iron, and an alloy which was formerly called Martial regulus. The mag- 
netic quality of iron is more diminished by antimony than by any other 
metal. (GuLLERT.). Zinc and antimony form a hard brittle alloy of the 
colour of steel, the density of which is belaw the mean. (GrettERT.) It 
is very combustible. Antimony and tin may be fused together in various 
proportions: an alloy of 1 atom of each is brittle and pulverizable: its 
specific gravity is 6-803. (Cuauper.) 1 part of antimony and 10 of tin 
form a ductile compound, which a little lead renders brittle. A fine 
pewter is said to consist of 12 parts of tin and 1 of antimony, with a 
small addition of copper. When 1 part of nickel and 2 of antimony are 
fused together they form a dark-gray compound. (Greuuen.) Copper 
combines with. antimony by fusion, and when the alloy contains equal 
‘weights of the two metals, it is of a violet colour. (Gunuurt.) An alloy 
of 1 of antimony and 3 of copper is lamellar and brittle, but takes a good 
polish. When there is excess of antimony the alloy is white. Lead 
and antimony form an important alloy: when the metals are in equal 
weights, the compound is brittle: 3 of lead and 1 of antimony form a 
compact hard alloy: 12 of lead and 1 of antimony give a very malleable 
alloy, harder than lead. T'ype metal is a compound of 4 parts of lead and | 


1 of antimony; its hardness is such ag to resist the pressure to which in 


the printing press the type is necessarily subjected; it is readily fusible 
and takes a very sharp impression from the matrix or mould in which the 
letter or stereotype plate is cast. A good white metal, used for spoons 
and tea-pots, and sometimes called Britannia metal, is composed of 100 
tin, 8 antimony, 2 bismuth, and 2 copper*.. 


* As a specimen of the analysis of 
antimenial compounds, I subjoin. Mr. 


‘Hatchett’s instructive examination of 
the native triple sulphuret of lead, anti- 
mony, and copper, or Bournonite. 


A. 200 grains of the ore, reduced to a 
fine powder, were put into a glass ma- 
trass, and two ounces of hydrochloric acid 
being added, the vessel was placed in a 
sand-bath. As this acid, even when 
heated, scarcely produced any effect, 
some nitric acid was gradually added, 
by drops, until a moderate effervescence 
began to appear. The whole was then 
digested in a gentle heat, during one 
hour, and a green-coloured solution was 
formed, whilst a quantity: of sulphur 


floated on the surface, which was col- 
lected, and was again digested in another — 
vessel, with half an ounce of hydrochloric 
acid. The sulphur then appeared to be 
pure, and, being well washed and dried 
on bibulous paper, weighed 34 grains; 
it was afterwards burned in a porcelain 
cup, without leaving any other residuum 
than a slight dark stain. 

B. The green solution, by cooling, had 
deposited a white saline sediment; but 
this disappeared upon the application of 
heat, and the addition of the hydrochlo- 
ric acid in which the sulphur had been 
digested. The solution was perfectly 
transparent, and of a yellowish-green ; 
it was made to boil, and in this state 


BOR... : SALTS OF ANTIMONY. 

CHARACTERS OF THE Sats of ANTIMoNY.— When chloride of antimony 
is dropped into water, and the precipitate redissolved by hydrochloric 
acid, the solution is acted’ upon by reagents as follows :—Solutions of 
potassa, and of ammonia, and their carbonates, produce white precipitates, 
insoluble in excess of potassa. Oxalic acid, phosphate of soda, and 
ferrocyanuret of potassium produce white precipitates; the latter is inso- 
luble in hydrochloric acid, and therefore not merely occasioned by the 
water of the reagent. Red ferrocyanuret of potassium (sesqui), produces 
no precipitate. Hydrosulphuret of ammonia produces a red precipitate, 
soluble in excess of the precipitant. Sulphuretted hydrogen produces a 
red precipitate in acid and in neutral solutions of protoxide of antimony ; 
if the solution is neutral, the precipitate does not fall till heat is applied, or 
hydrochloric acid added. Metallic zine precipitates metallic antimony 
in the form of a black powder. Cadmium, iron, cobalt, tin, lead, bismuth, 
and copper, also throw down the metal. The compounds of protoxide of 
antimony, which are insoluble in water, are nearly all soluble in hydro- 


was added to three quarts of boiling 
distilled. water, which immediately be- 
came like milk; this was poured on a 
very bibulous filter, so that the liquor 
passed through before it had time to 
cool; and the white precipitate thus 
collected, being well edulcorated with 
boiling-water, and dried on a sand-bath, 
weighed 63. grains. 

c. The washings were added to the 
filtrated liquor; and the whole was 
gradually evaporated at different times, 
between each of which it was suffered 
to cool, and remain undisturbed during 
several hours. A quantity of crystallized 
chloride of lead was thus obtained, until 
nearly the whole of the liquor was eva- 
porated: to this last portion a few drops 
of sulphuric ‘acid were added, and the 
evaporation was carried on to dryness ; 
after which the residuum, being dis- 
solved in boiling distilled water, left a 
small portion of sulphate of lead. The 
crystallized chloride of lead was then 
dissolved in boiling water; and, being 
precipitated by sulphate of soda, was 
added to the former portion, was washed, 
dried on a. sand-bath, and then weighed 
120°20 grains. 

p. The filtrated liquor was now of a 
pale bluish green, which changed to 
deep-blue, upon the addition of ammo- 
nia; some ochraceous flocculi were col- 
lected, and, when dry, were heated with 
wax in a porcelain crucible, by which 
they became completely attractable by 
the magnet, and weighed 2°40 grains. 

x. The clear blue liquor was evapo- 
rated nearly to dryness; and, being 
boiled with strong lixivium of pure 


potash, until the whole was almost re- 
duced to a dry mass, it was digested in 
boiling distilled water; and the black. 
oxide of copper, being collected and 
washed on a filter, was completely dried, 
and weighed 32 grains. 
200 grains of the ore, treated as here 
stated, afforded, 


Grains 
A. Sulphur 34° 
B. Oxide of antimony . 63° 
c. Sulphate of lead 120°20 
p. Iron 4 ay Tes? 2°40. 
E. Black oxide of copper . 32° 


But the metals composing this triple . 
sulphuret are evidently in the metallic 
state; and antimony precipitated from 
hydrochloric acid by water, is to metallic 
antimony as 130 to 100; therefore, the 
63 grains of that oxide must be estimated 
at 48:46 grains of the metal. Again, 
sulphate of lead is to metallic lead as 


141 to 100; therefore, 120°20 grains of 


the former are = 85°24 grains of the - 
latter. And, lastly, black oxide of cop-, 

per contains 20 per cent. of oxygen, 
consequently, 32 grains of the black 
oxide are = 25°60 grains of metallic 
copper. The proportions for 200 grains 
of the ore will, therefore, be ; 


Sulphur . : ; . 34 
Antimony. ° - 48°46 
Lead ne aaa alan 85°24 
Tron : : - 2 i 2a 
Copper 25°60 
195°70 
4°30 | 


Loss . Py ‘ 
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chloric acid, and sulphuretted. hydrogen is the most unequivocal test, 


(H. Ross.) Before the blowpipe, oxide of antimony is partly reduced in 
the exterior flame, and spreads a white smoke on the charcoal. In the 


interior flame it is readily reduced. With microcosmic salt and with 


borax it forms a hyacinth-coloured glass. Metallic antimony, when 


ignited on charcoal, becomes covered with acicular crystals of oxide. 


Sulphuret of antimony fuses upon charcoal, and is absorbed. 


§ XVIII. BISMUTH. 


Tats metal. was first described by Agricola in 1529. It was some- 
times called Marcasite. It is found native, and combined with oxygen, 


-and with arsenic and sulphur. It is neither of common occurrence nor 
very abundant. Native Bismuth occurs crystallized in octoédra and 


cubes, and generally contains arsenic, and sometimes cobalt. It has 
been found in Cornwall, and in Germany, France, and Sweden. 

Bismuth is a brittle white metal with a slight tint of red: its specific 
gravity is 9°822. (Harcuerr, Phil. Trans., 1803.) The specific heat of 


_ bismuth is 0:03084. It fuses at 476° (Cricuron), 507° (RupBera), and 
always crystallizes on cooling. According to Chaudet, pure bismuth is 
somewhat flexible. A cast bar of the metal, ,4, of an inch diameter, sup- 


10 
ports, according to Muschenbroeck, a weight of forty-eight pounds,  Bis- 
muth is volatile at a high heat, and may be distilled in close vessels. It 


_ transmits heat more slowly than most other metals, perhaps in consequence 


of its texture, which is highly crystalline, as has been above shown. (See 
fig. 12, p. 113.) To obtain good crystals the bismuth requires to be 
purified by fusion with nitre, by which sulphur and arsenic, usually 
present in the metal as it occurs in commerce, are separated. When 
thus refined the metal is carefully fused, and poured into a heated mould; 
such as a common ingot, or a brass or iron mortar, where it is suffered 


- slowly and quietly to cool. When the surface has solidified, the crust is 


pierced, and the liquid metal poured out from the interior: the mould is 
then suffered to cool, and the superior crust carefully removed, when the 


cavity is found lined with beautiful cubical crystals, usually highly 


iridescent, and having the exact form of common salt. 
Sulphur, arsenic, and silver, are the usual impurities of bismuth: to 
separate these it may be dissolved in nitric acid, which leaves arseniate 


of bismuth; and hydrochloric acid added to the filtered solution throws 


down chloride of silver: hydrosulphuret of ammonia is then added in 


- excess, by which sulphuret of bismuth is thrown down, and arsenic and sul- 


phur remain in solution; the sulphuret is collected, washed, and reduced 


by fusion with a mixture of carbonate of soda and charcoal. (Dumas.) 


BisMuTH AND Oxycen. Protoxipe or Bismuru. (br 4 0) or Br— 
When bismuth is exposed-to heat and air it oxidizes, forming a fusible 
white oxide. If the heat be increased by directing a current of oxygen 
upon the metal, it burns with much brilliancy, and produces an abundant 
yellow smoke, which condenses in the form of a yellowish-white subli- 
mate. The readiest mode of obtaining oxide of bismuth, consists in 
dissolving bismuth in nitric acid, precipitating by dilution with water, 


edulcorating the precipitate, and heating it, when dry, to dull-redness. 


862 CHLORIDE OF BISMUTH. 


At a red heat this oxide fuses into a brown liquid, and when in fusion it 
acts upon other oxides much in the same way as oxide of lead. It forms, 
on cooling, a yellow vitreous mass of a specific gravity of 8-2. It is easily 
reduced by hydrogen, charcoal, and several of the metals. It is decom- 
posed by chlorine but not by iodine. It combines with water into a 
white pulverulent hydrate. The equivalent of bismuth, deduced from 
the experiments of J. Davy on the chloride, and of Lagerhielm on the 
oxide, is 72, (71 Turner and Gmenin,) and the oxide consists of 
J. Davy. Lagerhielm: Jlaproth. 
Bismuth ... . 1 + 72... 90 . 90.. 89363 , 89°28 
ORyeen Ng eek) 8 
1 


Oxide of bismuth 


10 , 10 . 16137 «. 1072- > 


—_—— 


80 160 100 100°000 109-00 


Native Oxide of Bismuth occurs, though very rarely; it has been found 
in Cornwall and Saxony: it is the Bismuth Ochre of some mineralogists. 


Prroxipe or Bismura. Sesquioxipe or Bismutu, (bi+u 0.)—This 
oxide was first noticed by Bucholz and Brandes, but its nature and com- 
position have been recently examined by A. Stromeyer. (Turner.) It 
is formed when hydrate of potassa is fused with protoxide of bismuth, 
or by gently heating the protoxide in a solution of chloride of potassa or 
soda: after washing with water, any unchanged protoxide is dissolved by 
a solution of 1 part of pure nitricacid in 9 of water. Itisa heavy brown 
powder; it is not salifiable: heated with sulphuric or phosphoric acid, 
oxygen is evolved, and sulphate or phosphate of the protoxide is formed: 
with hydrochloric acid, chlorine is evolved, and a protochloride produced. 
(Ann. de Ch. et Ph., ui. 267.) According to Jaequelain (Ann. de Ch, et 
Ph., Uxvi. 113), the fusion of oxide of bismuth with potassa yields a 
bismuthate of potassa. . 


Cutorwe or Bismutn (b1+¢) is proeured by gently heating the 
metal in chlorine; it burns with a blue flame, and forms a gray compound. 
This chloride may also be prepared by heating 2 parts of corrosive sub- 
limate with 1 of powdered bismuth, and expelling the excess of the 
former and the mercury by heat; or by evaporating the solution of oxide 
of bismuth in hydrochloric acid to dryness, and heating the residue in 
close vessels. When nitrate of bismuth is decomposed by a solution of 
chloride of sodium, a white powder falls, which is either a subchloride or 
a compound of oxide of bismuth with the chloride. Chloride of bismuth 
was formerly called Butter of Bismuth. It is of a gray colour, and fuses” 
at about 480°. In close vessels it does not sublime at ared heat. When 
exposed to air it deliquesces. It is decomposed by a large quantity of 
water, and yields a white deposit which is an oxichloride, containing, 
according to Dumas, 1 atom of chloride and 7 of oxide. Jacquelain 
obtained an oxichloride by directing steam into the fused chloride: he 
also describes double chlorides of bismuth and ammonia, potassa, soda, &e. 


(Ann. de Ch. et Ph., uxvi. 125.) It consists of 
J. Davy. 
Biswath { tp of becdeaikwig? Jo 3 GO7i- as ed 
Chlorine . . + few BO.» »>s1BObs | elie new 
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Chloride of bismuth 108 100°0 100°0 
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CHLORATE oF Bismutn has not been examined. 


Top1pE or Bismurn (bi +2), obtained by heating iodine with the 
metal, is of a brown colour, and insoluble in water. When hydriodic 
acid or iodide of potassium is added to nitrate of bismuth, a precipitate 
falls of a deep-orange colour, insoluble in water, but soluble in liquid 
potassa. . 

Iovate or Bismuru (B1+2/) is thrown down upon adding iodate of 
potassa to nitrate of bismuth. It is white, and insoluble, (P1EISscut.) 


BromipE oF Bismutu (bi +5) is a gray compound, obtained by the 
direct action of bromine upon powdered bismuth, It fuses at about 
- 400°, and sublimes at a low red-heat. It is decomposed by water, and 
oxide of bismuth is formed. (SERuLIAS.) 


Fivorive or Bismurn (bi+ ff ) is soluble in water, and deposited, 
on evaporation, in the form of a white powder. (Brrzetivs.) 


Hyprvrer or Bismuru.—When bismuth is made the negative elec- 
trode in water, black dendritical crystals are deposited upon it. (RUHLAND, 
Schweigger’s Journal, xy. 417.) | 


Nitrate or Bismurn. (Br+%/.)\—When nitric acid is poured upon 
powdered bismuth the action is intensely violent, and sometimes attended 
by ignition. Nitrate of bismuth is usually made by dissolving the metal 
to saturation in 2 parts of nitric acid and 1 of water: the action is rapid, 
and nitric oxide is copiously evolved: the solution affords deliquescent 
four-sided prismatic crystals, which are decomposed at a red heat, and 
leave oxide of bismuth. Ammonia occasions a precipitate in nitrate of 
bismuth, which is redissolved by excess of the alkali. Potassa and soda 
also throw down the oxide, which is but sparingly soluble in those alkalis. 
The crystals of nitrate of bismuth may be dissolved in a very small quan- 
tity of water, but if the solution, even when acid, be poured into a large 
quantity of water it is decomposed, and a fine white powder, called 
magislery of bismuth, pearl white, or blanc de fard, is precipitated, which 
is a hydrated subnitrate of bismuth. In this state it has been used in 
medicine as a tonic. (Quarterly Journal, viii. 295.) If characters be 
written on paper with nitrate of bismuth they are invisible when dry, but 
become white and legible on immersion in water, thus forming a white 
sympathetic ink. The same characters are rendered brown or black by 
solution of sulphuretted hydrogen. It is sometimes stated, that the salts 
of bismuth are blackened by exposure to light, but such an effect depends 
upon their containing a minute portion of silver. The crystallized nitrate 
is a hydrated salt, composed of 
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Berzelius. 
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' Crystals of nitrate of bismuth 161 100°0 100°0 


The subnitrate, formed by the action of water on the nitrate, and 


dried at 212°, consists, according to Grouvelle (Ann. de Ch. et -Ph., xix. 
138), of 


“se lca 
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f Grouvelle ~ 
Oxide of bismuth . 4 500 .. us OL 6 oe eee On oy 
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Subnitrate of bismuth 392 100°0 100-00 


According to Phillips (Trans. London Pharm.), the preparation, as 


directed in the London Pharmacopeia, yields a trisnitrate (anhydrous), 


composed. of | | 


Oxide of bismuth . . 3 ... 240 . . 81°64 
Nitric aeid . oi es cis oR As tee ees alo So 
pee2 At Ud a, ee zs 
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Sa 


Trisnitrate of bismuth 294 100°00 


ScutpHureET or Bismura (bi+'s) is of a bluish colour and metallic 
lustre; it is less fusible than bismuth, and is reduced by hydrogen at a 
red heat, sulphuretted hydrogen being evolved. (H. Ross.) When 
solutions of bismuth are decomposed by sulphuretted hydrogen, the black 
precipitate which falls is hydrated sulphuret of bismuth: when dried and 
heated it acquires its metallic lustre. Sulphuret of bismuth blends with, 
or is dissolved by, the fused metal in all proportions, but it again sepa- 


rates when the metal solidifies. It consists of te 
‘Le Ose. 
Lagerhielm. J. Davy. Native. 
72.8 OV Oy... OLG1Or., VOL on eG 
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88 100°0 100°000 100°0 100°00 
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Sulphuret of bismuth 


Native Sulphuret of Bismuth has been found in Cornwall, Bohemia, 
Saxony, and Sweden. It occurs massive and acicular, its lustre is 
metallic, and its colour bluish-gray: its density is 64. It is a very rare 
mineral. 


Hyposu.tpuite or Bismutu has not been examined. 


~ 
Sunpnite or Bismuta (Br+S) is an insoluble white powder, which 
is not taken up by excess of the acid. (Fourcroy.) ; 


THyposutpuate oF Bismutu has not been examined. 


Sunpuats or Bismuru (B1+S/) is obtained by dissolving the oxide 
in sulphuric acid and evaporating to dryness; or by heating powdered — 
bismuth in sulphuric acid. It is a white compound, insoluble in, but 
decomposed by water, which converts it into a subsulphate and super- 
sulphate. The sulphate consists of | 


: Lagerhielm. 
Oxide of bismuth”. <2 ... « (80 < 5P/. 66 6% 4 G0'S0 
Sulphuric acid . . 1 . . 40 . . 333 . . 33°65 
1 


Sulphate of bismuth 120 100-0 100-00. 
The subsulphate consists of 
Berzelius. 
Oxide of bismuth . Beet. e2dOs Fe Ae ais ole CPOOID 
Sulplitric acid. 2. Se ae AO ee ee 
l 
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Subsulphate of bismuth 260 100°0 100:0 
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_Paospavrer or Biswura (2+ ‘P) does not, according to Pelletier, 
exist; at least, it cannot be formed by the usual process of projecting 
phosphorus upon the hot metal. When phosphuretted hydrogen gas is 
passed into nitrate of bismuth, a dark-brown precipitate ensues, which, 
heated in close vessels, loses the whole of its phosphorus. 

Neither the Hypophosphite, nox Phosphite, have been examined. 


ProsPHATe or Bismurn is formed, according to Wenzel, by digesting 
the oxide in phosphoric acid; an insoluble subphosphate, and a soluble. 


and crystallizable phosphate, are the results. — 


SELENIURET oF Bismuru is a silver-white compound. 


Carzonate or Bismuta is thrown down from the nitrate by car- 
bonated alkalis: it is a white powder, insoluble in water and in carbonic 
acid, and soluble in nitric acid with effervescence; when dried (in the 
air?) it consists, according to Thomson, of 

Oxide of bismuth. . . 3. . 240 . . 83-0 


Carpomic acid’ sre sth TE 
Ne ater a en dies ete TSS Shs Ee ozutee ath gia 
1) 


289 100°0 


Triscarbonate of bismuth 


Cyanuret or Bismuru has not been formed. Ferrocyanuret of bis- 
muth, formed by double decomposition, is a white or yellowish powder, 
soluble in nitric acid, and precipitated again by water. (Irrner.) The 
red ferrocyanuret (ferrosesquicyanurel) of potassium produces a brown 


precipitate in nitrate of bismuth. 


Borate or Bismutu is a white powder, insoluble in water. 


Autoys or Bismuru.— Bismuth readily unites with potassium: 
Serullas obtains this alloy by heating together a mixture of 120 parts of 
bismuth, 60 of charred bitartrate of potassa, and 1 of nitre; these sub- 
stances should be well rubbed together and fused in a covered crucible. 
The alloy decomposes water, and when broken and exposed to air, fuses, and 
even ignites. We know little of the other alloys of bismuth, excepting 


_ those which it forms with tin and lead, and which are remarkable for the 


low temperature at which they enter into fusion, and for the extraordi- 
nary irregularities of expansion and contraction which they exhibit with 
changes of temperature, and which have been particularly examined by 
Erman. Avr alloy of 2 parts of bismuth, 1 of lead, and 1 of tin, fuses at 
200°. (Rosr.) The alloy of 8 parts of bismuth, 5 of lead, and 3 of tin, 
fuses at a little below 212°. The addition of 1 part of mercury renders 
it still more fusible, and this compound is sometimes cast for amusement 
into the form of tea-spoons, which run down when dipped into boiling 


water. It may also be employed for taking casts from medals, and 


even from the surface of wood and embossed paper: some beautiful 
casts have also been made in this metal of the internal ear, showing the 
complexities of its bony cavities. 

__ Erman’s experiments above alluded to, were made with Rose’s fusible 
alloy (Aun. de Oh. et Ph., xu. 197): the general results have already 
been adyerted to under the head of “ Expansion by heat” (p. 136). The 
following table, abridged from Erman, gives them more in detail: — 

3M 


\ 


e 
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Temperature Volume of the Temperature Volume of the 


of the Alloy. Alloy. of the Alloy. Alloy. 
Reaum. | Fahr. Reaum. | Fahr. 

0° 32° 100,000 60° | 166° 99,389 
10 54 100,192 65 178 99,478 
20 16 100,443 70 180 100,000 
30 99 100,803 75 201 100,862 fuses 
35 ill 100,830 max. 80 212 101,792 
40 122 100,679 100 257 102,217 
45 133 100,120 120 302 102,599 
50 146 99,480 130 324 102,784 
59 156 99,291 min. 140 346 103,072 


CHARACTERS OF THE Sauts or Bismuta.—In the clear acid solutions 
of oxide of bismuth, potassa, soda, and: ammonia, and their carbonates, 
produce white precipitates. Hydrosulphuret of ammonia and sulphuretted 
hydrogen produce brown or black precipitates, easily reduced to metallic 
bismuth when mixed with soda, and fused in the inner flame of the blow- 
pipe. Chloride and nitrate of bismuth are decomposed by the immersion 


of plates of zinc, cadmium, tin, iron, and lead: the metal is commonly ~ 


thrown down in the form of a black crystalline powder, except by iron, 
which at first, produces it with metallic lustre. Before the blowpipe, 
oxide of bismuth melts readily into a brown glass, which becomes 
brighter as it cools. With microcosmic salt it forms a gray-yellow glass, 
which loses its transparency, and becomes pale when cool: add a further 


proportion of oxide and it becomes opaque. With borax it forms a gray ~ 


glass, which decrepitates in the interior flame, and the metal is reduced 
and volatilized. It is readily reduced by itself on charcoal. 


§ XIX. URANIUM. 


Uranrum was discovered by Klaproth in 1786, and named after the 
planet discovered by Herschel about the same time. Its ores are few 


and scarce. The native phosphate is contained in Uranite, or Uranitic © 


Mica: the crystalline form of this mineral is the cube, and several modi- 


fications; it often occurs in thin quadrangular plates. It exhibits various — 


shades of yellow and green. It has been found in France; and of great” 
beauty near Callington, in Cornwall. The ferriferous oxide of uranium — 


yur 


was formerly mistaken for an ore of zinc, and called Pechblende, till — 


Klaproth demonstrated it to contain uranium. It is a compound of prot- — 
oxide of uranium and iron, with lead, copper, and often other substances. 


—. 


From this ore uranium may be obtained by the following process:— — 


Reduce it to powder, and expose it to heat in a muffle; then digest in 


nitric acid, diluted with 4 parts of water, taking care to employ excess of © 


the mineral, by which the solution of the iron is nearly prevented. The — 


nitric solution is filtered, and sulphuretted hydrogen passed through it to 
throw down lead and copper; the clear solution being poured off, is boiled, 
filtered, and evaporated, and crystals of nitrate of uranium are deposited: 


when these are heated they are decomposed, and at a red heat protoxide 


| 
’ rh 
\\ . 
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of uranium remains. But the ore of uranium is often complicated by the 
presence of arsenic, and by silver, zinc, nickel, and cobalt, and does not 
contain more than 40 to 50 per cent. of oxide of uranium; in that case 
-Arfwedson’s process for the separation of the oxide may be resorted to, 
_ the details of which are given by Dumas (Chimie appl. aux Arts, iii. 
454). It consists in dissolving the pulverized and roasted mineral in 
nitrohydrochloric acid, filtering, adding a little hydrochloric acid, and 
diluting the solution and passing sulphuretted hydrogen through it to 
throw down copper, lead, and arsenic, the sulphurets of which being 
separated by filtration, the clear liquor is boiled to expel sulphuretted 
hydrogen, and nitric acid added to peroxidize the iron, which is then 
thrown down by excess of carbonate of ammonia, togéther with earthy 
matters present, while the uranium, cobalt, and zinc, are retained in the 
filtered solution: this is then boiled to expel carbonate of ammonia; 
the precipitate is dried and ignited, by which the protoxide of uranium 
is rendered insoluble in acids; the other oxides therefore may now be 
removed from it by hydrochloric acid, and the protoxide of uranium 
_ remains in the form of a dark gray powder, which is to be well washed 
and dried. a 
Uranium was obtained, by Arfwedson, by passing hydrogen over the 
protoxide, heated in a glass tube; and by Berzelius, by heating the neu- 
tral oxalate of uranium in a close vessel, when it is resolved into carbonic 
acid and metallic uranium. It is crystalline, of a metallic lustre, of a 
gray-brown colour, brittle, and very difficult of fusion; its specific gravity 
has not been ascertained with precision; Bucholz states it as = 9:0. 
(Gunten’s Journal, iv.) Its specific heat is stated by Regnault to be 
0°06190. Hitherto few experiments have been made upon this metal. 
It appears susceptible of two degrees of oxidizement, and its equivalent, 
deduced from the experiments of Arfwedson, Berzelius, and Schénberg, 
may be estimated at about 217. (217-26 Granam.) 


Proroxipr or Uranium (07° + 0) is obtained by strongly heating 
the pure pernitrate, or by calcining the uraniate of ammonia in a close 
vessel. It is of greenish-gray colour, or green-when in powder; when 

‘Strongly heated it acquires a metallic appearance: it is infusible; it is 
yery feebly acted on by the greater number of the acids, and the solutions 
and salts are green; nitric acid converts it into peroxide. When it is 
precipitated in the form of hydrate, by caustic potassa, it is more soluble, 
but, if boiled, it loses water, and becomes dark-coloured and difficultly 
soluble. When precipitated by carbonate of ammonia, it redissolves in 
excess of that precipitant, and forms a green solution. Protoxide of ura- 


nium consists of 

Schonberg. Bucholz. Arfwedson. Berzelius. 

Brain 6 fee a ks BUF:  DE44> 4) B46. OL 96°443 , 96°446 
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Protoxide of uranium 225 100°00 100 100°0 100-000 100°000 


PeRoxipe of Uranium. Sesquioxipr or Uranium. Uranic Act. 
(urnm + 1:0.)—When a solution of nitrate of uranium is precipitated 
by caustic potassa, a yellow powder falls, which was regarded as a pure 
hydrated peroxide, but it always retains potassa, so that the peroxide of 


3M 2 
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uranium appears to act the part both of base and acid; if other precipi- 


tants are employed, they also are in part carried down by it, and the — 


peroxide cannot thus be obtained pure. As thrown down by potassa, it 
is soluble in the carbonated alkalis, with which it forms double salts; and 
we are thus enabled to separate uranium fromiron. Peroxide of uranium 


is not precipitated by sulphuretted hydrogen; a strong heat decomposes — 


it, and converts it into protoxide: it is sometimes used to produce a 


deep-yellow upon porcelain. Arfwedson has shown that when the com-. 


binations of peroxide of uranium with baryta or with the oxides of iron, 
lead, or copper, are heated in a stream of hydrogen, water is formed; 
and the residue, cooled in hydrogen, takes fire on exposure to air. 


The statements of different chemists respecting the composition of 


these oxides are much at variance. According to Thomson, the equiva-— : 
Jent of uranium is 208, that of the protoxide 216, and of the peroxide 


224; according to Berzelius and Arfwedson (Ann. of Phil., N.S., ii.) the 
oxygen in the protoxide is to that in the peroxide as 1 to 15; hence the 
composition of the latter appears to be 
Arfwedson. Schénberg. 
AS Page) oe Thea tae once. BIG eis NOS OM se Ue Ta oe ee Me 
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Peroxide of uranium 1 229 100°00 100°000 100°0 - 


The mineral called Uranitic ochre is generally considered as a hydrated 
peroxide. 


CHLoripes or Urantum.—When the hydrochloric solutions of the 


oxides of uranium are evaporated to dryness, and heated in a small retort, — 
they lose water, and chlorides remain, which are readily soluble in water, — 


alcohol, and ether. The ethereal solution of the perchloride, exposed to 
light, becomes dirty-green and turbid. These chlorides correspond in 
composition with the oxides. } 


PoTassA-PERCHLORIDE OF URAntum crystallizes from its concentrated: 


solution, and forms a triple salt, soluble in alcohol. 


The action of codine and fluorine upon uranium has not been — 


examined. 


Bromine or Uranium is formed by boiling uranium and bromine in — 
water, or by dissolving the peroxide in hydrobromic acid: it may be 4 


crystallized in flat yellow prisms, which are very deliquescent, and of a 
styptic taste; it is decomposed at a high heat, and oxide of uranium 


remains. 4 


Nirrate or Uranium, formed as above directed, yields yellow prism- 
_atic and tabular crystals, very soluble, and somewhat deliquescent ina 
moist air. They are also readily soluble in alcohol and ether, and when 
the latter solution is exposed to light, it is decomposed, becomes green, 


and deposits the protoxide. They consist of 
Bucholz. Brande. 
Peroxide of uranium . .. J 229). 62°91.» 5s 6] on O07 
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364 100°00 100 100°0 
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SUBNITRATE OF URANtum, upon the authority of Bucholz, is formed 
by heating the nitrate, which renders a part insoluble in water, and 
_ Separates in the form of a yellow powder. 


AMMONIO-NITRATE oF Uranium is a yellow crystallizable salt. 


SuLPHUREr or Uranium was obtained by Rose, by passing the 
vapour of sulphuret of carbon over the protoxide, at a high heat. The 
alkaline hydrosulphurets form black precipitates in the pure solutions of. 
uranium. 


PRoTOSULPHATE OF Uranium forms green prismatic crystals: it may 
be formed by boiling the protoxide in sulphuric acid. With sulphate of 
potassa it produces a triple salt. 


PrrsvuLpHate or Uranium forms yellow prismatic crystals, decom- 
posable by heat, and, according to the analysis of Bucholz, consisting of 
70 oxide, 18 acid, 12 water, =100. Its alcoholic solution becomes 
ethereal and green when exposed to the sun’s rays, and deposits a preci- 
_ pitate, which is a subsulphate of the protoxide. According to John, these 

_ sulphates are occasionally found native. (Ann. of Phil., viii. 390, 2nd 
series. 


PoTASSA-PERSULPHATE OF Urantum.—When a mixture of persulphate 
of uranium and sulphate of potassa is evaporated to crystallization, yellow 
granular crystals are obtained, composed, according to Berzelius, of 


ttc an Sh ed ah sg Be) om tad So 16°57 
Peroxide of uranium. .-. .:2 .°.°458 . . 52-70 
PUNUMIC ACId. . | so ae Gars 240 . . 27°62 
Water : 3 hie ot ce SLE 
Potassa-persulphate of uranium 1 869 100°00 


PHosPHURET OF Uranium has not been examined. 


PERPHOSPHATE OF Urantom is thrown down by phosphoric acid from 
the peracetate: it is a difficultly-soluble yellow salt: it is soluble in. 
excess of phosphoric acid, and in carbonate of ammonia. (Laucier, Ann. 
de Ch. et Ph., xxiv. 239.) It exists native in the micaceous ore of 
uranium. It consists of 


Laugier. 
Peroxide of uranium ... . ats Waa See haat a CO eee nue ee 
Bemeearonic acids ere 2 Te TERS oO gals elo Tega. . 166 
EGO os Ve oth. fOr el 41 Soe", eag 
Hydrated perphosphate of uranium 1 364 100-00 99°6 


The Uranite of Autun is a hydrated double phosphate of peroxide of 
uranium and lime. 


PERCARBONATE OF Uranium is precipitated by a carbonated alkali 
from the solutions of the peroxide, but it loses carbonic acid on drying. 


Cyanvrer or Uranium is thrown down in the form of a yellow 
powder, by solutions of cyanuret of potassium. 


FERROCYANURET oF Uranium is thrown down in the form of ‘a rich 
brown and very characteristic precipitate: in colour, it much resembles 
_ the ferrocyanuret of copper. 


870 . TITANIUM, 


CHARACTERS OF THE Sauts or Uranium. The profosalts of uranium _ 
have a green, and the persalts a yellow colour, and an astringent metallic _ 
taste. Potassa forms in the solutions of the latter a yellow precipitate, 
and carbonate of potassa a straw-coloured precipitate: both these preci- 
pitates are insoluble in excess of pure alkali, but dissolve in the alkaline 
carbonates. Ferrocyanuret of potassium and tincture of galls produce 
brown precipitates in solutions of uranium. The salts are mostly soluble 
in alcohol and in ether, and these solutions acquire a green colour by 
exposure to the sun. The protosalts have been little examined. Uranium 
is not precipitated from its solutions by sulphuretted hydrogen, nor is it — 
thrown down in a metallic state by any of the other metals. Before the 
blowpipe the peroxide of uranium becomes green or greenish-brown. 
With microcosmic salt in the interior flame it forms a clear yellow glass, 
the colour of which becomes more intense when cold. If long exposed 
to the exterior flame, and frequently cooled, it gives a pale yellowish-red 
or brown glass, which becomes greenish as it cools. With borax in the — 
interior flame, a clear, colourless, or faintly-green glass is formed, con- 
taining black particles, which appear to be the metal in its lowest state 
of oxidation. In the exterior flame this black matter is dissolved, if the 
quantity be not too great, and the glass becomes bright yellowish-green, 
and after further oxidation yellowish-brown. If brought again into the — 
interior flame, the colour gradually changes to green, and the black mat- — 
ter is again precipitated, but no further reduction takes place. 


Yeo 


§ XX. TITANIUM. | 


Tiranium was first recognised as a distinct substance by Mr. Gregor, — 
in 1791; he detected it in a mineral found in the form ofa black sand in — 
the vale of Menachan, in Cornwall. Some of its compounds were after- — 
wards examined by Klaproth, in 1795, who named it Titanium, after the — 
Titans of ancient mythology. (See his Analysis of the Red Schorl of 
Hungary, Beirdge, i. 233.) For our knowledge of the properties of — 
fvtanium in its metallic state we are chiefly indebted to Dr. Wollaston, — 
who discovered it in small cubic crystals, having the lustre of burnished — 
copper, in the slag of the iron-furnaces at Merthyr Tydvil, in South — 
Wales. (Phil. Trans., 1823, p. 17.) These crystals, which have been — 
found in similar slags from other sources, are titanium, almost absolutely — 
pure. They have the following properties:—They. are so hard as to - 
scratch rock-crystal; they are not acted on by nitric, hydrochloric, or 
sulphuric acids, nor are they soluble in nitrohydrochloric acid. Before — 
the blowpipe they are infusible; they are, however, superficially oxidized 
by a continued heat, becoming of a purple or red colour. Borax has no 
action on them, but only removes the superficial oxide. Nitre oxidizes © 
them on the surface. The combined action of nitre and borax soon — 
effects their solution; but as these salts do not unite by fusion, the addi- _ 
tion of soda accelerates their action. The fused mass becomes opaque — 
on cooling, by the deposit of a white oxide, which may either be pre- _ 
viously freed of the salts by boiling-water, and then dissolved in hydrochlo- 
ric acid, or the whole mass may be at once dissolved together. In either 
case alkalis precipitate from the solution a white oxide, insoluble in — 
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excess of alkali, either pure or carbonated. By evaporating the hydro- 
_ chloric solution to dryness at 212°, it is freed of redundant acid, and a 


‘goluble chloride remains, in a favourable state for exhibiting the charac- 


teristic properties of the metal. 
Titanium exists in the state of oxide in the minerals called Titanite 


and Menachanite. .Titanite is a nearly pure oxide of titanium; it is of a 


brown colour, and occurs imbedded in the quartz and granite of primi- 
tive countries, and sometimes traverses rock-crystals in fine hair-like 
filaments. In this country, it occurs at Beddgelert, in Caernarvonshire ; 
and near Killin, in Scotland. The finest specimens are those from the 
vicinity of Mont Blanc and St. Gothard. The mineral, known by the 
name of anatase, octoédrite, and oysanite, is nearly of the same nature as 
titanite. It is found in Bavaria, Norway, Switzerland, and in the valley 
of Oysans, in France. Menachanite consists principally of oxides of tita- 
nium and iron; it is found in small grains, somewhat resembling coarse 
gunpowder, in the bed of a small stream at Menachan, in Cornwall. 
Nigrine, tserine, rutilite, and sphene, are also ores of titanium. 

According to Laugier (Ann. de Chim., Lxxxix. 306), the metal may 
be obtained from titanite by fusion with potassa; the fused mass, washed 
with water, leaves oxide of titanium, containing a little iron; it is to be 
dissolved in hydrochloric acid, and precipitated by oxalic acid. The 
oxalate affords the metal by intense ignition with charcoal: it is, how- 
ever, not possible to obtain it in any state of agglutination. From 
menachanite, white oxide of titanium may be obtained by fusing it with 
potassa, and adding hydrochloric acid to the alkaline solution, so as 


_ merely to neutralize the alkali and precipitate the oxide; to separate a 


little adhering iron, this must be dissolved in excess of hydrochloric acid, 
and precipitated by oxalic acid as before. . 

Liebig prepares metallic titanium by putting fragments of recently- 
made ammonio-chloride of titanium into a glass tube, half an inch wide 
and two or three feet long, transmitting through it a current of per- 
fectly dry ammonia, and, when atmospheric air is entirely displaced, 
applying heat until the glass softens: complete decomposition ensues, 
nitrogen gas is disengaged, hydrochlorate of ammonia sublimes, and 
metallic titanium is left in the state of a dark blue-coloured powder. If 
exposed to the air while warm, it is apt to take fire. (TuRNER:) 

The equivalent of titanium has not been very satisfactorily deter- 
mined; Gmelin adopts 31, Dr. Turner 24°3, Dr. Thomson 26; I have 
assumed 24, as the whole number, which, according to Dr. Turnet, is 
most consistent with the experimental results of Rose. 


ProroxipE or Trrantum.—Titanium appears to be susceptible of two 
degrees of oxidizement. The mineral called anatase is regarded as the 
protloxide, but its composition has not been determined with accuracy, 
When peroxide of titanium is intensely heated with charcoal, or when a 
plate of zinc is immersed in a solution of chloride of titanium, a purple 
powder is obtained, which appears to be the protoxide: it is also formed 
when the vapour of potassium is passed over heated titanic acid; it is 
infusible and unchanged by heat alone, but when exposed to the joint 


action of heat and air it passes slowly into titanic acid. It is very 
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sparingly soluble in hydrochloric acid, which yields a blue solution: 
boiling sulphuric acid dissolves it more copiously, and the solution, when 
saturated, is deep blue: it forms a double salt with ammonia; chatted 
with nitric or nitrohydrochloric acid it is converted into titanic acid. ue 


probably consists of 


Titanium 1 B42 2, IS 
Oxygen 1 8 25 
Protoxide of titanium 1 32 100 


Peroxivr or Trranrum. Trranic Aci (f1-+20) may be obtained 
from rutilite, by fusing it in fine powder, in a platinum crucible, with 


thrice its weight of pure carbonate of potassa: a gray mass is obtained, 


which, after having been washed with water, is dissolved in hydrochloric 
acid, and on diluting with water, and boiling the solution, the greater 
part of the peroxide of titanium is precipitated; it is collected, and washed 
with very dilute hydrochloric acid. In this state it still is apt to retain 
traces of iron and manganese, which may be separated by digesting the 
moist precipitate with hydrosulphuret of ammonia, which forms sulphu- 
rets with the iron and manganese, but does not affect the oxide of tita- 
nium: dilute hydrochloric acid removes the sulphurets, and the oxide 
of titanium, after being again washed and heated red-hot, is pure. 
(Rosz, Ann. de Ch. et Ph., xxiii.) 

Titaniferous Oxide a Iron, which is more abundant than rutilite, 
may also be used as a source of titanium; it is pulverized, washed, and 
exposed at a high red-heat in a porcelain tube to the action of a current 
of dry sulphuretted hydrogen, as long as water is evolved: the oxide of 
iron is converted into sulphuret, but the oxide of titanium undergoes no 
change: the product, when cold, is digested in hydrochloric acid, which 
leaves titanic acid mixed with sulphur, from which it may be freed by 
heat; but as it still retains some iron, it must be again subjected to the 


action of the current of sulphuretted hydrogen in the porcelain tube; if 


afterwards treated by hydrochloric acid, well washed, and ignited, it is 
white and pure. (Rose, Ann. de Ph., uxxxyiil., and Ann. de Ch. et Ph., 
xxxvill. 131.) 

This oxide of titanium is white, and very infusible, and difficult of 
reduction: when recently precipitated it dissolves in some of the acids, 
but becomes nearly insoluble after it has been ignited. Its solution in 
hydrochloric acid is always very sour, and part of the oxide falls down 
when it is heated to the boiling point, but by careful evaporation to dry- 
ness, a soluble chloride remains. It is precipitated by the pure and car- 
bonated alkalis; infusion of galls and ferrocyanuret of potassium throw 
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it down of a characteristic red colour. When a rod of zinc is immersed — 


in the hydrochloric solution of peroxide of titanium, a purple precipitate 
(probably of the protoxide).is obtained. The recently-precipitated per- 
oxide is with difficulty separated from water upon a filter, but passes 
through in a milky state; the addition of a little acid or alkali facilitates 
its separation. It seems doubtful whether this oxide forms any definite 
salts with the acids: it unites with bases, and has thence been termed 
titanic acid. There are many resemblances between this oxide and the 
peroxide of tin. It consists of 
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H. Rose. 
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BicHLoRIDE or Trranium (f2+2C) was obtained by Mr. George 
(Annals of Phil., N.S., ix. 18), by passing dry chlorine over metallic 
titanium, heated to redness. It is a dense, transparent, and colourless 
fluid, fuming when exposed to air. It boils at a little above 212°, and | 
acts violently upon water, evolving chlorine, and furnishing, when the 
water is not in excess, a white salt, very soluble, and deliquescent. The 
density of its vapour is, according to Dumas (Ann. de Ch. et Ph., xxxiii. 
388), 6°836, and considering 1 volume of this vapour as composed of 
I volume of titanium vapour, and 2 volumes of chlorine, he deduces 
the equivalent of titanium = 26-4. When this chloride is exposed to 
ammoniacal gas it absorbs it, and becomes solid, forming the compound 
from which Liebig, as above stated, obtained metallic titanium. It 
absorbs phosphuretted hydrogen, and forms a dry brown powder, which, 
when heated, yields a yellow sublimate, in which 3 atoms of the bichlo- 
ride are combined with 1 of phosphuretted hydrogen. (Rosr.) It also 
forms crystallizable double salts with the alkaline chlorides. Assuming 
this to be a dichloride, it consists of 
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BiFLUORIDE oF TirantuM.—The peroxide of titanium readily dissolves 
in hydrofluoric acid. When this solution is saturated with potassa and 
evaporated, a talanofluoride of potassium is the result, composed, accord- 
ing to Berzelius, of 1 atom of bifluoride of titanium +1] atom of fluoride 
of potassium. Many other protoxides may be substituted for potassa; 
and hence the class of double salts which have been termed tifano- 


fluorides. 


BISULPHURET oF TiTANIUM was obtained by Rose, by passing the 
vapour of sulphuret of carbon over peroxide of titanium. It has a dark- 
green colour and metallic lustre. It burns with a bluish flame into sul- 
phurous and titanic acid; it is readily attacked by nitric and nitrohydro- 
chloric acid, and when boiled in solution of potassa or of soda, sulphurets 
and titanates of the alkaline bases are formed. (Quarterly Journal, xvi. 
97.) It is stated to consist of 
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PHospHureT or Tiranium is formed, according to Chenevix, by 
lieating the phosphate with charcoal; it has a white metallic lustre, and 
is brittle. 

PuosPHATE OF Titanium falls when phosphoric acid is added to 
solution of peroxide of titanium in hydrochloric acid, in the form of a 


_ bulky white precipitate, which dries into a gummy mass. (H. Rose.) 
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TITANIATE oF PorassA.—The peroxide of titanium may be united by 
fusion with several bases, forming a class of compounds which have 
been termed Titaniates. When thus fused with potassa it yields a com- 
pound, from which water abstracts potassa, and leaves a white powder, 
composed of 18 potassa + 82 peroxide of titanium, and which is soluble 
in hydrochloric acid. (H. Ross.) 


Cuaractrrs oF THE Satts or TrranruM.—Titanium is not thrown 
down in the metallic state by any other metal. The bulky red precipi- 
tate which its solutions afford with infusion of galls, is very character- 
istic; the other properties of its compounds will be evident from the 
preceding paragraphs. Before the blowpipe, oxide of titanium becomes 
yellowish when ignited in a spoon, and upon charcoal dark-brown. With 
microcosmic salt it gives in the interior flame a fine violet-coloured glass, 
more tending to blue than that from manganese. In the exterior flame 
this colour disappears. With borax it gives a dirty hyacinth colour. 


§ XXI. CERIUM. 


Tus metal, which is named after the planet Ceres, was obtained, in 
1803, by Hisinger and Berzelius, from a mineral found at Bastnas in 
Sweden, to which they have given the name of cerite. It was originally, 
in consequence of its density, called heavystone (schwerstein), and was 
considered by Klaproth as containing a peculiar earth, which he called 
ochroit. Cerium also occurs in gadolinite, and several other minerals of 
Fahlun; and in orthite, which is not an uncommon ingredient of Scan- 
dinavian granite. It is also contained in Allanite, a mineral from Green- 
land, first distinguished as a peculiar species by Mr. Thomas Allan, of 
Edinburgh: it contains, according to Dr. Thomson’s analysis, about 40 
per cent. of oxide of cerium. 

To obtain cerium, the ore is calcined, pulverized, and digested in 
nitrohydrochloric acid. To the filtered solution, from which part of the ; 
excess of acid has been boiled off, oxalic acid is added, which occasions 
a white precipitate: this, when dried and ignited, is perowide of cerium, 
but it is extremely difficult of reduction. Mr. Children succeeded in 
fusing it by the aid of his powerful Voltaic apparatus, and when intensely 
heated it burned with a vivid “flame, and was partly volatilized. Vau- 
quelin describes cerium as a hard white brittle metal, (Ann. de Chim, 
iv.,) and as only soluble in nitrohydrochloric acid. Mosander obtained it ~ 
by heating the dry chloride with potassium; violent action ensues, and a 
gray alloy of cerium and potassium results, which evolves hydrogen when 
put into water, and leaves the cerium in the form of a gray metallic 
powder, which, when dried and heated, burns brilliantly into an oxide, 
and is soluble in the weakest acids with the evolution of hydrogen. The 
equivalent of cerium may be assumed as 48. (46 Genin and Turner.) 


ProtoxipE or Centum (€@ +0) or Cu, is white, and may be obtained 
by precipitation from its chloride: it forms salts with the acids, from 
which the alkalis throw down a white hydrate; the carbonated alkalis, a 
white carbonate, soluble in excess of the precipitant; and oxalate of 
ammonia a white oxalate. 
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Berzelius obtains protoxide of cerium as follows :=Cerite (composed 
according to Hisinger of 68°6 oxide of cerium, 18 silica, 1:25 lime, 2 
oxide of iron, and 9-75 water,) is boiled in nitrohydrochloric acid, and 
the solution evaporated to dryness. The residue, after having been 
gently heated, is again dissolved in water, and the solution precipitated 
by benzoate of ammonia, which throws down the iron: the remaining 
solution is precipitated by caustic ammonia, and the precipitate (which is 
a mixture of the oxides of cerium) dissolved in hydrochloric acid, evapo- 
rated to dryness, and heated to redness in a retort as long as it smells of 
chlorine. The residuary salt is dissolved in water and precipitated by 
caustic potassa. This precipitate, which is hydrated protowide of cerium, 


presently becomes yellow by exposure to air, and cannot be obtained 


free from water, for all attempts to dry it are attended by its partial 
peroxidizement.  Protoxide of cerium consists of 


Hisinger. 
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Protoxide of cerium 56 100°0 100°00 


SUBPEROXIDE or Cerium? (Ceroxyd-oxidul of Berzelius) is ob- 
tained by subjecting the peroxide of cerium at a red heat to the action 
of hydrogen gas; or by subjecting the oxalate or carbonate of the 
protoxide -of cerium to a white heat. It is a lemon-yellow powder, 
soluble in hydrochloric acid with the evolution of chlorine, and which, 
when heated in the air, becomes peroxide. It has not been analyzed. 


PrroxipE oF Cerium; Srsquioxtpe or Cerium. (Cé+1:0.)—When 
protonitrate of cerium is decomposed at a red heat, or when protocar- 
bonate of cerium is heated in the air, this oxide is obtained in the form 
of a red powder. It is soluble in the acids, and when acted on by 
hydrochloric acid, it evolves chlorine: these solutions, when decomposed 
by potassa, afford a bulky precipitate of hydrated peroxide of cerium; it 
is pale-yellow when moist, dark-yellow when dried. Ammonia generally 
throws down sudsalis from these solutions. The moist hydrate is 
insoluble in the caustic alkalis. This oxide consists of 
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CuLorIpE or Cerium. (C€+C.)—When the solution of the prot- 
oxide in hydrochloric acid is evaporated to dryness, a deliquescent proto- 
chloride is obtained, which is readily soluble in water and in alcohol; the 
latter solution burns with a green sparkling flame. The peroxide of cerium 
also dissolves in hydrochloric acid, furnishing a brown solution; but 
when it is gently heated chlorine is evolved, and a protochloride formed. 
Chloride of cerium consists of 
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___ Brommpz or Centum is uncrystallizable and very deliquescent: by heat 
it 1s converted into an oxibromide. 


FLUORIDE oF CrERiIum (Cé + a ) is an insoluble yellow powder; it has 
been found native in the mines of Fahlun, in Sweden; and it exists in 
the mineral called yttrocerite, combined with the fluorides of yttrium and 
of calcium. 100 parts of this mineral from Finbo contain 22 fluoride of 


cerium, 11 fluoride of yttrium, 67 fluoride of calcium. 


SuLPHURET oF CERIUM may be obtained, according to Mosander, by 


passing the vapour of sulphuret of carbon over red-hot carbonate of 
cerium; or by fusing oxide of cerium with excess of sulphuret of potas- 
sium, and removing the soluble parts by washing with water. It is an 
orange-coloured compound, and appears to consist of 

Berzelius. 
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Sulphuret of cerium 64 100 100 


HyvosutpHate or Cerium, formed by spontaneous evaporation of a 
solution of protocarbonate in hyposulphuric acid, crystallizes in delicate 
colourless prisms containing 42°79 of protoxide per cent. 


PRoTosuLPHATE oF CERIUM may be obtained by digesting the proto- 
carbonate in dilute sulphuric acid: it yields small crystals, of a purplish 
tint, and difficultly soluble in water. 


PERSULPHATE oF CERiuM is a lemon-yellow salt, from which a red 
heat expels half the acid, and converts it into a red subpersulphate. It 
is obtained by digesting peroxide of cerium in sulphuric acid, diluted with 
4 parts of water: it has an acid and sweetish taste. 


PROTOSULPHATE OF CerIuM AND Potassa.—This double salt is obtained ~ 


when solid sulphate of potassa is added to a solution of a protosalt of 
cerium: as it dissolves, a white powder falls, which is the potassa- 
sulphate of cerium, and in this way, by using excess of sulphate of potassa, 
the whole of the cerium is thrown down: the double salt, though soluble 
in water, is insoluble in solution of sulphate of potassa. It is deposited 
from its solution in’ boiling water in small crystals of a pale amethyst 
colour. Ata red heat it fuses, but is not decomposed: the alkalis throw 


down a basic salt from its solution, which can only be perfectly decom- | 


posed by long digestion in excess of alkali. This is the most characteristic 
salt of cerium, and it serves to separate the oxide of cerium, in analytical 


operations. (BERZELIUS.) 
PHosPpHURET oF Crerium has not been obtained. 


ProropHosPHATE oF Crrtum is an infusible white powder, somewhat 
soluble in hydrochloric and nitric acids, but insoluble in excess of phos- 


phoric acid. 


CarBureET oF Cerium is obtained, according to Mosander, by heating 
the oxalate in a retort: a mixture of peroxide and of carburet remains, 


which when digested in hydrochloric acid leaves the pure carburet: it is 


Ag 


s 
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dark-brown, heavy, and insoluble in the acids; heated in the air it burns 
into peroxide. \" 


PRoTOCARBONATE OF CERIUM is precipitated by the carbonated alkalis, 
in the form of a white powder, insoluble in water and in excess of 
carbonic acid. It is decomposed by a strong heat, and if exposed to air, 
peroxide of cerium remains, but if air be excluded, the subperoxide | 
(oxyd-orydul) remains. (Histvarr and Berzeuius.) It has been found 


native. When protoxide of cerium is exposed to air it gradually absorbs 
carbonic acid. 


PERCARBONATE OF CERIUM much resembles the protocarbonate in 
appearance, but it is heavier and of a less pure white colour. 

The remaining combinations of cerium, with the exception of some 
of its triple salts, have not been examined. 


Cuaracrers or tHE Sanrs or Curtum.—The protosalts of cerium are 
colourless, or slightly purple, of a sweet and astringent taste, and bear 
much general resemblance to the salts of yttrium. They are unaltered by 
infusion of galls and by sulphuretted hydrogen, but are precipitated by 
the hydrosulphuretted alkalis. Ferrocyanuret of potassium occasions in 
them a white precipitate. The salts of the perowide are of a yellow colour, 
and the hydrosulphurets occasion in them a white precipitate: they are 
precipitated as above stated by sulphate of potassa. None of the other 
metals precipitate cerium in a metallic state. - | 
_ Before the blowpipe the oxide of cerium becomes red-brown when 
ignited. When the proportion is small, it forms with the fluxes a clear, 
colourless glass, which by increasing the proportion of oxide becomes 
yellowish-green while hot. With microcosmic salt, if heated a long 
time in the internal flame, it gives a clear colourless glass. With borax 
under similar circumstances, it gives a faint yellow-green glass while 
warm, but is colourless when cold. Exposed again for some time to the 
external flame, it becomes reddish-yellow, which colour it partly retains 
when cold. If two transparent beads, one of the compound with micro- 
cosmic salt, the other with borax, be fused together, the triple compound 


becomes opaque and white. 


§ XXII. LANTANUM. 


Ir has been ascertained by Mosander that the minerals containing - 
cerium, contain also another metallic oxide, which, as it has hitherto lain 


concealed in oxide of cerium, he designates Lantanum (NavOaveuy, to 


a 


lurk). It is probable, therefore, that the preceding details respecting 


cerium will require revision, as the oxide of lantanum has in most, if not 
in all cases, been present in the oxides and salts supposed to be those of 
pure cerium. To separate these oxides, their mixture is dissolved in 
nitric acid, evaporated to dryness, and the residue exposed to a red heat; 
it is then digested in very dilute nitric acid (1 of acid to 100 of water), 
which dissolves the oxide of lantanum and leaves that of cerium; the 
former may be thrown down in the form of a carbonate by a carbonated 
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alkali; when ignited it-acquires a dirty red hue, and in hot water becomes 
a white hydrate; it dissolves in a solution of hydrochlorate of ammonia 
with the gradual expulsion of ammonia. The salts of the oxide of lanta- 
num are astringent, but not sweet; their crystals generally have a reddish 
tint, and their solutions, when free from cerium, are not precipitated by 
the addition of sulphate of potassa. _ 


§ XXITI. TELLURIUM. 


In the year 1782, Miiller, of Reichenstein, showed that certain Tran- 
sylvanian gold ores contained a new and distinct metal, and his experi- 
ments were verified by Klaproth in 1798, who named this new metal 
Tellurium (from tellus, the earth). | 

The ores of tellurium are, 1. Native, in which the metal is combined 
with iron and a little gold. 2. Graphic ore, which consists of tellurium, 
gold, and silver. 3. Yellow ore, a compound of tellurium, gold, lead, 
and silver; and 4. Black ore, consisting of the same metals with copper 
and sulphur. 5. Bismuthic Tellurium. These ores haye only been found 
in the Transylvanian mines, in Siberia, and in Hungary. 

The metal is extracted from them by precipitating their diluted nitro- 
hydrochloric solution by potassa, which is added in excess, so as to redis- 
solve the precipitate: the clear liquor is then poured off, and saturated 
with hydrochloric acid, which affords a precipitate of oxide of tellurium. 
This, heated in a glass retort with one-tenth its weight of charcoal, fur- 
nishes the metal, part of which sublimes. 

Tellurium is of a bright gray colour, brittle, easily fusible, and vola- 
tile. Its specific gravity is 6°1 to 6:3. Its specific heat, as determined by 
Regnault, is 005155, It is easily crystallizable, and, for a metal, it is a 
bad conductor of heat and electricity; indeed, several of its metallic cha- 
racters are imperfect,'and it may be said to form a kind of connecting link 
between sulphur or selenium and the metals, as far as its general habit- 
udes are concerned. | 


OxiveE or Tetiurium. Tetturovs Act. (fe/+40) or Tat.—Exposed 
to heat and air, tellurium readily burns, exhaling a peculiar odour, which 
Berzelius ascribes to selenium, and forming a yellowish-white oxide, con- 
sisting, according to Klaproth (Beitrage, vol. iii.), of tellurium 100 


+ oxygen 20°5. Oxide of tellurium is also obtained by evaporating the g 


nitrate to dryness, and exposing the residue to a dull red-heat. If it be 
precipitated from its solutions by alkalis, it generally retains a portion of 
the precipitant. } 

Dr. Turner adopts, as the result of the latest experiments of Berze- 
lius, the number 64:2 as the equivalent of tellurium, and considers the 
present oxide as constituted of 1 equivalent of the metal + 2 of oxygen. 
(Poggend., xviii. 392.) Consistently with our equivalents, it is a prot- 
oxide consisting of 

Berzelius. Elaproth. 
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‘ Peroxipe oF TeLiurium. TeLiuric Act. (tel + 4.0) or Trer/.— 
When the above oxide is deflagrated with nitre, it is converted, according 
to Berzelius, into telluric acid: this compound may also be obtained by 
passing chlorine through the solution of the oxide in potassa till it is fully 
saturated: slight excess of nitric acid, and a little chloride of barium, ate 
then added to separate any accidental traces of sulphuric or of selenic 
acids; the filtrated liquor is neutralized by ammonia, and chloride of 
barium added, which occasions a precipitate of tellurate of baryta; this, 
digested with a fourth of its weight of sulphuric acid (diluted with water), 


yields a solution, which, when ‘filtered and carefully evaporated, yields 


crystallized hydrated telluric acid, from which adhering sulphuric acid 


/ may be removed by alcohol. This hydrate loses its water by heat, and 


the anhydrous acid, of a lemon-yellow colour, remains, constituted, 
according to Berzelius, of 
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CHLORIDE oF TELLURIUM is a white fusible compound, formed by 
heating the metal in chlorine. According to Davy (Elements, p. 410), 
it consists of 2 tellurium + 1-85 chlorine; but his experiments were made 
upon a very limited quantity of materials. The solution of oxide of 
tellurium in hydrochloric acid is precipitated as a subsalt by water; 
excess of water redissolves it. Rose has described a bichloride ( Pog- 
gend,, xxi. 443), and, according to him, these chlorides form violet 


vapours, which condense, the one into a black, the othér into a white, 
solid. 


lopipr or Tetturtum.—lIodine readily combines with tellurium, form- 
ing a deep-brown compound, which dissolves in water. 


Tretturium AnD Hyprocen.—When tellurium is negatively electrized 
in contact with water, a brown powder is produced, which hag been 
described as a solid hydruret, but which, according to Dumas, is only 
finely divided tellurium. When an alloy of tellurium and tin is acted on 
by hydrochloric acid, telluretted hydrogen gas is evolved; it reddens 
litmus, dissolves in water, and possesses the general habitudes of sul- 


phuretted hydrogen. According to Berzelius, telluretted hydrogen gas 


contains 2°99 per cent. of hydrogen; it must therefore consist of 
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SULPHURETS or TELLURIUM.—There appear to be two sulphurets of 
tellurium, which, according to Berzelius, act as sulphur-acids; they are 
obtained by the decomposition of tellurous and telluric acids by sul- 
phuretted hydrogen. 


Tar Sats or Tetturium are decomposed by the alkalis, and the pre- 
cipitate is redissolved when they are added in excess. Hydrosulphuret of 
ammonia forms a brown precipitate; ferrocyanuret of potassium occasions 
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nochange. Zinc, lead, tin, copper, cadmium, or iron, immersed into the 
solutions, cause the separation of metallic tellurium; it generally appears _ 
as a black powder, which acquires lustre by friction. 


The oxides (or acids) of tellurium combine with many of the metallic - 


oxides, and produce a class of compounds which have been called tellu- 
rites and tellurates. 


TELLURATE OF Porassa may be formed by heating oxide of tellurium 
with nitre, and redissolving the residuum in boiling water, which, on 
cooling, deposits an imperfectly-crystallized white powder, difficultly solu- 
ble in water. The tellurates of the alkaline earths, and many of the 
metallic oxides, are insoluble. 


§ XXIV. ARSENIC. 
" Tur distinct metallic characters of this substance were first noticed by . 
Brandt, in 1733; but it was probably known to Paracelsus, and a process 
for obtaining it is given by Schroeder, in 1649. Its general chemical 
relations are such as to place it rather among the simple acidifiable sub- 
stances than among the metals, for it forms no salifiable base with oxygen, 
but constitutes acids: it, however, has the lustre and opacity of a metal, 
and conducts electricity. 

Arsenic may be obtained from the purified white arsenic of commerce, 
by mixing it with its weight of black flux, and introducing the mixture 
into a Florence flask or small retort, placed in a sand-bath, gradually 
raised to ared heat: a brilliant metallic sublimate of pure arsenic collects 
in the upper part of the flask or in the neck of the retort. The volatility 


of white arsenic prevents its easy reduction by charcoal alone; but the ~ 


potassa in the flux enables it to acquire a temperature sufficient for its 

perfect reduction. Arsenic may also be obtained by heating the ore called 

native arsenic (scherbenkobalt of the Germans) in coarse powder in a~ 
retort; the metal sublimes, leaving the impurities behind. 

At senic is of a steel-pray colour, crystalline texture, quite brittle, and 
of a specific gravity =5°7 to 59. Its specific heat, as ascertained by 
Regnault, is 0-08140. It readily volatilizes, and in close vessels may be 
sublimed at a temperature of 360°, which is lower than its fusing-point. 
Its vapour has a very strong and peculiarly characteristic smell, much 


resembling that of garlic; its density is 10°37 (Granam). On account of - 


the volatility of arsenic its fusion is difficultly accomplished, but may be, 
effected by heating it in a sealed tube, under the pressure of its own 
vapour. Heated in the air, it easily takes fire, burns with a blue flame, 
and produces copious white fumes of oxide. Exposed to a moist air, or 
boiled in water, it gradually becomes incrusted with a gray powder, which 
ig an imperfect oxide, or mixture of metallic arsenic and arsenious acid. 
Berzelius found that, in three months, 100 parts of the metal acquired an 
increase of about 8:5. This metal ‘and all its compounds are virulent 
poisons. Its equivalent number is 38. (37°6 Gmetin, 37-7 Berze.tus, 
38 THomson.) 

Native arsenic has been found in Saxony, Hanover, France, Bonen 
and Cornwall. It usually occurs in rounded masses, or nodules, of a 
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foliated lamellar texture, in the veins of primitive rocks, and i is often asso- 
ciated with silver, cobalt, lead, and nickel ores. 7 


ARSENIC AND Oxyarn.—There are two definite compounds of arsenic 
and oxygen, which are both capable of forming combinations with other 
metallic oxides. They redden litmus and are soluble in water, and have 
thence been termed arsenious and arsenic acids. 


Arsentous Acip. Wurirr Arsenic. Waits Oxips or ArsENic. (G7 + 
1:0) or Ar.—This is the best known, and most commonly occurring com- 
pound of arsenic. It may be procured by the combustion of the metal; 
but as it is evolved during certain metallurgic processes, that mode is rar ely 
resorted to. It is abundantly prepared at Joachimsthal in Bohemia, 
from arsenical pyrites and arsenical cobalt ores, which are roasted Sy 
reverberatory furnaces, and the vapours condensed in a long chimney, the 
contents of which, submitted to a second sublimation, afford the white 

arsenic of commerce. 

Arsenious acid generally occurs in white, semi-transparent, brittle 
masses, of a vitreous fracture, nearly tasteless, and becoming opaque when 
long kept, in consequence, apparently, of change in its mechanical tex- 
ture. The density of the vitreous acid is 3°7385, that of the opaque, or 
friable, is 3-698, (Guipourt, ) 3°729, (Hmraparu, Phil. Mag., txiv. 322.) 
By slow sublimation, arsenious acid forms brilliant octoédral “and tetraé- 
dral crystals; and Wohler has found it in six-sided scales, derived from 
a rhombic prism. (Ann. de Ch. et Ph., ri. 201.) The ee shale as well as 
the fused or vitreous acid, become opaque, whether exposed or not to 
air, but exposure accelerates the change. Arsenious acid is volatile at 
380°, and its vapour is inodorous when perfectly free from metallic arsenic. 
(Paris, Quarterly Journal of Science and Art, vol. vi.) The density of 
this vapour is stated by Mitscherlich to be about 13:00. According to 
Klaproth, 1000 parts of water at 60°, dissolve from 23 to 3 of white 
arsenic; and 1000 parts of water at 212°, dissolve rather more than 77 
parts, and about 30 parts are retained in permanent solution. According 
to Guibourt, 100 parts of boiling water dissolve 9°68 parts of the vitreous 

acid, and 11°47 of the opaque acid, and when the solutions cool to 60°, 1°78 
parts of the former and 2°90 of the latter are permanently retained; the 
first solution reddens litmus, but the second not only does not redden it, 
but even restores the blue colour. When the powdered vitreous acid is 
covered with ammonia, a little heat, but no combination, ensues, and the 
whole of the ammonia may be removed by water, but the washed powder 
has now acquired the properties of the opaque acid. The aqueous solution 
of arsenious acid tastes slightly sour and sweet; it furnishes tetraédral and 
octo€dral crystals by very slow or spontaneous evaporation, which are 
anhydrous. 80 parts of alcohol at 60° dissolve 1 part of this acid: it is 
also soluble in ether and in fixed and volatile oils. The greater number 
of the acids dissolve it without forming definite combinations. During 
its crystallization from a somewhat dilute hydrochloric solution, sparks and 
flashes of light are often perceived (p. 219). Distilled with an equal 
wéight of dry acetate of potassa, an anhydrous compound of the acetic 
and arsenic acid passes over, of a most nauseous odour, and so attractive 
of water as to absorb it rapidly from the air, and with the evolution of so 
3N 
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much heat as occasionally to ignite the compound, which burns with a_ 
red flame, and exhales arsenious acid. (BERzu.tus.) ’ 

Arsenious acid is virulently poisonous, producing a set of peculiar 
symptoms, ultimately followed by inflammation and gangrene of the 
stomach and intestines: it also proves fatal when applied to a wound; 
and as the local injury is not sufficient to cause death, it is probable that 
an induced affection of the nervous system and of the heart is the imme- 
diate cause of the mischief. (Bropre’s Observations and Experiments on — 
the Action of Poisons, Phil. Trans., 1812, p. 209.) To get rid of the — 
poison by producing copious vomiting and purging, and to pursue the 
usual means for subduing and preventing inflammation, are the principal 
points of treatment to be adopted in cases where this poison has been 
taken. (Orriua, Traité des Poisons, 1. 123. Cunistison, on Poisons.) 

The relative proportions of the components of arsenious acid have 
been variously stated; but the experiments of Berzelius, corroborated by 
the results of other analysts, have proved that the oxygen in the arse- 
nious acid is to that in the arsenic acid as 3 to 5; hence, arsenious acid, 
or the white owide, may be considered as composed of 


Thenard. Davy. Proust. Mitscherlich. Berzelius. 
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Arsenious acid 1 50 100 100°00 100 100°0 100°00 100°000 


Native White Arsenic occurs in prismatic crystals, and in a pulverulent 
form: it is found in Saxony and Hungary. 


Comprnations of ArsEenious Acip with Bases. Arsentres.—These 
salts, when heated, either evolve arsenious acid or metallic arsenic: in 
the latter case they are converted into arseniates: heated with charcoal — 
metallic arsenic sublimes. ‘The alkaline arsenites, when in solution, are 
decomposed by lime and the salts of lime, and a white precipitate of 
arsenite of lime falls: they are precipitated green by solutions of copper; 
and yellow by nitrate of silver. They are not precipitated by sulphuretted 
hydrogen, except excess of a stronger acid be present: in this way the — 
hydrochloric solutions of those arsenites which are insoluble in water may — 
also be decomposed. When metallic arsenic is heated with hydrate of 
potassa, hydrogen gas is evolved and arsenuret of potassium and arsenite — 
of potassa are formed; the potassa therefore and the water are both — 
decomposed; if the heat be raised to redness the arsenious acid is resolved 
into metallic arsenic and arsenic acid: with hydrate of soda the pheno- — 
mena are similar; with hydrates of lime and baryta no arsenic acid 1g . 
produced. (Sovperran, Ann. de Ch. et Ph., XLiil.) aa 

The arsenites of ammonia, potassa, and soda, are easily soluble and — 
uncrystallizable: they are formed by dissolving the acid in the alkaline 
solutions. Berzelius has shown that the supposed crystals of arsenite of 
ammonia deposited by the solution of arsenious acid in ammonia, are quite 
destitute of ammonia, and consist only of arsenious acid. When arsenious 
acid is dissolved in the alkaline carbonates, it is deposited unaltered by — 
evaporating the solution, so that it is doubtful whether this acid expels 
carbonic acid, in the humid way. ‘The arsenites of lime, baryta, 
strontia, and magnesia, are difficultly soluble. Arsenite of potassa is 
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the ‘active ingredient in the liquor arsenicalis of the Pharmacopeia, 
and in Fowler's mineral solution or tasteless ague-drop. It produces'a 
white precipitate in the protosalts of manganese, a dingy green precipi- 
tate in the solutions of iron, a white precipitate in solutions of zine and 
tin. Mixed with a solution of sulphate of copper, a precipitate of a 
fine apple-green colour falls, called, from its discoverer, Scheele’s green, 
and is useful as a pigment: it is prepared by dissolving 2 parts of 
sulphate of copper in 44 of hot water, and gradually adding it to a solu- 
tion of 2 parts of carbonate of potassa and 1 of arsenious acid in 44 of 
hot water, the whole being well stirred during mixture: the arsenite of 
copper in the form of a fine green powder is gradually deposited, and is 
to be washed and dried at 212°. In the solutions of lead, antimony, and. 
bismuth, arsenite of potassa forms white precipitates: added to nitrate of 
cobalt, it forms a pink precipitate; and bright yellow, with nitrate of 
uranium. With nitrate of silver it forms a white precipitate, soon 
becoming yellow, and very soluble in ammonia. All these precipitates. 
are probably arsenites of the respective metals, and, heated by a blowpipe 
on charcoal, they exhale the smell of arsenic. They are decomposed when 
boiled in solution of carbonate of potassa or of soda: they are mostly 
soluble in excess of arsenious acid, and easily soluble in nitric acid, and 
such other acids as form soluble compounds with their bases. 
Native Arsenite of Lead is found in France, in Spain, and in Siberia. 


Arsgnic Acip (A/+2:0), or QY/, was discovered by Scheele; it is 
obtained by distilling a mixture of 2 parts of hydrochloric and 14 of 
nitric acid off 1 part of arsenious acid; nitric oxide gas is given off, and 
when the contents of the retort have acquired the consistence of thin 
syrup, they are poured into a porcelain dish and evaporated by a moderate 

_heat: suddenly, the arsenic acid (which is anhydrous) concretes into an 
opaque white mass, which should be put, whilst warm, into a well-stopped 
phial. The hydrochloric acid is only useful in promoting the solution 
of the white arsenic, which otherwise adheres to the retort and occasions 
irregular ebullition. Arsenic acid may also be procured by distilling 
nitric acid off powdered metallic arsenic. 

Arsenic acid is’a white substance, of a sour taste: it is anhydrous, 
deliquescent, and uncrystallizable. Its specific gravity is 3-4. It requires 

_ for solution 6 parts of cold and 2 of boiling water; its solution reddens 
vegetable blues, and tastes acid and metallic, and is a virulent poison. 
When water is poured upon it, a part only is immediately dissolved; and 
another portion, as is the case with phosphoric acid, remains undissolved 3 
after a time, upon agitating the solution, the whole is taken up. Heated 
to bright redness, it evolves oxygen, and is converted into arsenious acid. 
If dry arsenic acid be exposed to air, so as gradually to deliquesce, it 
Sometimes forms crystals which are extremely soluble, and are probably 
hydrated acid. Arsenic acid gives a white precipitate with lime-water, 

and a peculiar reddish-brown with nitrate of silver. It yields a yellow 
deposit of a sulphuret of arsenic when its solution is subjected to the 
action of a current of sulphuretted hydrogen gas. 
_ Arsenic acid consists of 
3N2 
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Arsenic acid. 1 


ARsENIATES are produced by the union of this acid with the metallic 
oxides; and many which are insoluble may be formed by adding arseniate 
of potassa to their respective solutions. 
acid, and in such other acids as do not form insoluble compounds with 
their bases, and ammonia precipitates them from these solutions. 
are readily decomposed by charcoal at a red heat; but many of them, when 
heated alone, are unchanged even at a higher temperature. 
decomposed when boiled in solutions of the fixed alkaline carbonates. 
The soluble arseniates generally give a white precipitate with lime- 
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They are soluble in dilute nitric 


They are 


They 


water: they are not immediately precipitated by solution of sulphuretted 


hydrogen: protosulphate of iron gives a white 
arsenious acid be at the same time present). 


acetate of zinc they also give white precipitates. | 


ARsENIATE OF Ammonta (A+ 7’) is formed by saturating arsenic 
acid with ammonia; oblique rhomboidal prisms are obtained on evapora- 


precipitate (or yellowish if 
With acetate of lead and 


tion, which, when gently heated, effloresce and evolve ammonia: at a 4 


higher temperature, water is formed, oxide of arsenic sublimes, and nitro- 
gen is evolved, a circumstance first observed by Scheele. 


According to 


/ 


Mitscherlich (Ann. de Ch. et Ph., xix.), these crystals very closely resem- — 
ble those of phosphate of ammonia, and consist of 


Ammonia(s*) sy .tis 1 ie APD Fe cme 
Arsenic acid . .. | 580 -. >. .65°S 
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Arseniate of ammonia 1 88°5 100:0 


BINARSENIATE oF AmMonta is formed by adding to a solution of the 


S Sep” 


above crystals 1 additional proportional of arsenic acid. On evaporation, — 
crystals resembling those of the biphosphate of ammonia are deposited, — 
containing, according to Mitscherlich, 


Ammonia aE ee as el 

Arsenic acid ° ry e e 2 ° e ] 16 ° 72'5 4 
Water Vip tte ee BESO le fox ta 16°9 

Binarseniate of ammonia Il 160 100°0 


ArsentaTe oF Porassa (P+ 1’), wh 


uncrystallizable. 


BiNARSENIATE oF Porassa (P +2 @7/) may either be formed by add-_ 
ing excess of arsenic acid to potassa, and evaporating, or by heating, to 
redness, in a Florence flask, a mixture of equal parts of nitre and white 
arsenic; during the latter operation much nitrous gas is evolved, and on 
dissolving the residue in water, filtering, and evaporating, quadrangular 


~ « 10° 


+ 


en neutral, is deliquescent and — 


crystals of binarseniate of potassa are obtained, resembling those of the ~ 


biphosphate of potassa: they are soluble in 5:3 parts of water at 40°, and. 
insoluble in alcohol. Macquer was the first who procured this salt: hence 
termed Macquer’s neutral arsenical salt. It is not easily decomposed by 


LE 
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heat alone, and may be fused and kept red-hot without undergoing other 
change than losing a little acid; but when mixed with about an eighth of 
charcoal-powder and distilled, metallic arsenic rises, and carbonate of 
potassa, mixed with part of the charcoal, remains in the body of the 
retort. This salt, as well as the arsenite, is used for the cure of agues. 
It is a delicate test of the presence of silver, in solutions of which it occa- 
sions a red-brown precipitate: it is also sometimes used to separate iron 
from manganese; it produces in the persalts of iron a white precipitate, 
whilst the arseniate of manganese remains in solution. In the crystal- 


lized form it consists of 

: Thomson. Mitscherlich. 
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Binarseniate of potassa 182 100°0 ~=—,_—s: 100-000 100°00 


ARSENIATE oF SoDA_ (S+ ar’) is formed by saturating a solution of 
carbonate of soda with arsenic acid; on evaporation, rhombic prisms are 
obtained, isomorphous according to Mitscherlich, with phosphate of soda; 
_they PMlocesce i in a dry air, and require, < seconde to Thomson, 10 parts of 
water at 60°, for solution, and the liquid has alkaline properties. When 
dropped into solutions of earthy and metallic salts, this salt occasions 
precipitates in most of them, a table of which is given by Thomson. (Ann. 
of Phil., xy.) The crystals appear to contain different proportions of 
water according to the strength of the solution from which they are depo- 
sited, and which when concentrated yields them with 8, and when dilute, 
with 12 equivalents of water, (Marx, uber das Vi erhiiltniss der Mischung 
zur Form; Brunswick, 1824:) hence we have them composed of 


Gmelin. Mitscherlich . 
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© $2 1.4444 « 44°, 12 ..108 . 545 ©. “55°81 


Arseniate of soda 1 162 100°0 100 1 198 100°0 100°00 


BINARSENIATE OF Sopa. (S+2d7/.)—This salt is formed by adding 
arsenic acid to a solution of carbonate of soda, till the liquid no longer 
precipitates chloride of barium: on evaporation and exposure to cold, it 
poids ee isomorphous with biphosphate of soda, and composed of 


Anhydrous. Crystallized. 
Vee Mitscherlich. eo Mitscherlich. 
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Binarseniate of soda 1 148 1000 100-000 
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184 100°0 100°00 


The following details respecting the arseniates of soda and potassa 
are given by Graham (Elements of Chem., 629): to compare them with 
the preceding statement, it must be remembered that Mr. Graham 
doubles our equivalent of arsenic, and represents arsenic acid as a com- 
pound of 1 atom of arsenic = 76, and 5 of oxygen = 40; his equivalent, 
therefore, of arsenic acid is 116, and its formula (@7°+50) or (AsOs). 
_ Dr. Turner, on the other hand, (as in the case of phosphorous and phos- 
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phoric acid,) uses oux equivalent for arsenic, but represents arsenic acid 
as a compound of 2 atoms of arsenic and 5 of oxygen (2€7%+50), and — 
thus arrives at the same equivalent for arsenic acid as that used by 
Graham. ‘When 1 equivalent of arsenic acid is ignited with an excess 
of carbonate of soda, 3 equivalents of carbonic acid are expelled, and a 
tribasic arseniate of soda formed, which crystallizes when dissolved in 
water with 24 equivalents of water, forming the salt 3(S0 +0)+(a/ +50) 
-+-249, isomorphous with the subphosphate of soda. The same salt is 
obtained by treating arsenic acid in solution with an excess of caustic 
soda, When carbonate of soda is added to a hot solution of arsenic 
acid, so long as there is effervescence, a salt is obtained by evaporation, 
corresponding with the common phosphate of soda, containing 2 equiva- 
lents of soda and 1 equivalent of water, as bases. This salt affects the 
same two multiples, in its water of crystallization, as phosphate of soda, — 
namely, 244 and 14@, but most frequently assumes the smaller proportion, 
forming the salt 2(S0+0+94)+(@r+50)+u4qQ. This arseniate is more 
soluble than the phosphate, and slightly deliquescent in damp air. When 
to the last salt a quantity of arsenic acid is added, equal to what it already 
contains, and the solution is highly concentrated, the salt named binar- 
seniate of soda crystallizes at a low temperature. This salt contains | 
equivalent of soda and 2 of water, as bases, and corresponds with the | 


biphosphate of soda: its formula is (SO+0+2q9)+(@/+50)+29. | 
: 


< 


The binarseniate of potash, which is analogous in composition, is a highly 
crystallizable salt: it is sometimes prepared by deflagrating arsenious 
acid with an equal weight of nitrate of potash. These arseniates of 
alkalis which contain water as base, all lose that element at a red heat; 
but, unlike the phosphates, they recover it when again dissolved in water. _ 
Arsenic acid, therefore, forms only one, and that a tribasic, class of salts.” — 
As regards the comparison of the above arseniates with the phosphates, : 
the reader is referred to the table at page 659. te 


ARSENIATE OF Lime (C+d?r’) is deposited when arsenic acid is 
dropped into lime water, or when arseniate of potassa is added to nitrate 
of lime; it may also be formed by heating a mixture of white arsenic and — 
quick-lime, in which case, as Dr. Wollaston first observed, when it has 
attained a certain temperature, ignition suddenly ensues, and metallic 
arsenic sublimes; so that one portion of the arsenious acid confers oxygen 
upon the other, to’convert it into arsenic acid. It is soluble in nitric 
and hydrochloric acids, and in sulphate, hydrochlorate, and nitrate- of 
ammonia: it also dissolves in arsenic acid, Hydrated arseniate of lime 
(Pharmacolite) occurs native, sometimes in fine capillary crystals. Arse- 
niate of lime consists of ‘4 


Artificial. Native. 
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Arseniate of lime 1 86 100°0 100°0 


ARsENIATE oF Baryta. (B+ ar’.)\—When a solution of arseniate. 
of soda is added, not in excess, to a solution of chloride of barium, a : 
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granular precipitate is gradually obtained, which is xeudral arseniate of 
_baryta; when heated it loses water of crystallization, but is not further 


decomposed. It consists of 


Anhydrous. Crystallized. 

—— eee - Berzelius. Rr Berzelius 
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SUBSESQUIARSENIATE OF Baryta. (1: B+4@%/.)—When arsenic acid 
is dropped into baryta-water, or when the neutral arseniate of baryta is 
digested in ammonia, a white and difficultly-soluble powder is obtained, 


composed of 
Berzelius. Laugier. 
Peviste eens ese bets ROL. O66). (OO5G 7]. 65°7 
Arsenic acid . . 1 5Ba) LBB 40+) \ERAD 5) SAS 
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Subsesquiarseniate of baryta 


BINARSENIATE oF Baryta. (B+2@//.)—When the neutral arseniate 
of baryta is dissolved in arsenic acid it yields crystals of the hydrated 


_ binarseniate: when heated to redness, they leave a compound of 


Mitscherlich. 
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Binarseniate of baryta 


ARSENIATE oF Strontra. (Srr-+a7’.)—When solutions of nitrate 
of strontia and arseniate of soda are mixed in atomic proportions, no 
immediate precipitate appears, but in twenty-four hours small crystals 
are formed, which are minute rectangular four-sided prisms, tasteless, not 
affecting vegetable blues, and very sparingly soluble in water. They 
contain, according to Dr. Thomson, 


Strontia . .°:. 1 oer er SEG 
Arsenic acid Tists br ue ce S'S 
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Arseniate of strontia 1 182 100°0 


Arsentate oF Maanesta (M+ 7‘) is soluble, deliquescent, and 
uncrystallizable, when there is an excess of acid; but a very difficultly 


soluble, and neutral arseniate may be obtained, partly in powder and 


partly in tufted crystals, by mixing dilute solutions of sulphate of mag- 


‘nesia and arseniate of soda in atomic proportions, and suffering them to 


remain at rest for twenty-four hours. The crystals consist, according to 
Thomson, of 1 atom of anhydrous arseniate of magnesia, and 8 of water ; 
when dried at a temperature of 500°, they lose 6 atoms of water, but 


- still retain 2, which are-disengaged at a red heat. 


: 
q 


ARSENIATE oF Mancanese. (Man-+ @7’,)—This salt, in a hydrated 
state, is precipitated in the form of a white powder, when arseniate of 


 potassa is added to chloride of manganese. It is insoluble in water, but 


dissolves in sulphuric and hydrochloric acids. 
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PRoTARSENIATE OF Tron. '(Fe+ @r/.)—Arseniate of ammonia, added 


to a solution of protosulphate of iron, occasions a precipitate of protar- 
sentate of iron. (CuEnevix, Phil. Trans., 1801.) This salt is at first 


white, but soon acquires a tint of green; it is sparingly soluble in liquid 
ammonia, and the solution becomes green in the air. According to 
Berzelius, the mineral called Skorodite, found at Graul, near Schwartzen- 
berg, in small blue-green octoédral crystals, is a hydrated protarseniate 
of tron. ; 


PERARSENIATE OF IRON is an insoluble white powder, which, when 
heated, loses 17°68 per cent. of water, and becomes red: it is soluble in 
acids, and soluble, when moist, in caustic ammonia. When the neutral 
protarseniate of iron is digested in nitric acid and evaporated to dryness, 
or when the solution is precipitated by ammonia, a subperarseniate is 
obtained. . 

The Native Cubic Arseniate of Iron, analyzed by Vauquelin and by 
Chenevix, is a compound of the hydrated protarseniate and perarseniate. 
(BERZELIUS. ) 


SUBARSENIATE OF ZINC is precipitated in a white gelatinous state, 
when arsenic acid, or an alkaline arseniate, is added to sulphate of zinc. 
Tt is insoluble in water, but soluble in arsenic and in nitric acids. 


ARSENIATE OF T1n.—A white insoluble powder is precipitated by 
adding arseniate of potassa to protochloride of tin. 


ARSENIATE OF Coprér is formed by adding an alkaline arseniate 
to nitrate of copper; it is a blue insoluble powder, and when dried at 
a temperature not exceeding 212°, appears to be a hydrated subar- 
seniate. 

The Nalive Arseniales of Copper have been submitted to an elaborate 
investigation by Chenevix (Phil. Trans., 1801); he has described five 
varieties, as shown in the following table. (Tnomson, System.) 


Acid. Oxide. Water. 
Variety lst S60: sO SO ree ae 
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ARseENIATE OF Leap. (Pi+//.)—This salt is formed when arsenic 
acid is added to nitrate of lead, or when a solution of nitrate of lead is 
gradually decomposed by the addition of neutral arseniate of soda. It is 
white, insoluble in water, but soluble in nitric and hydrochloric acids, 
easily fusible, and consists of 

Berzelius. Thenard. | Chenevix. 
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SUBARSENIATE OF LEAD.—When neutral arseniate of soda is added 


in excess to the soluble salts of lead, a white powder falls, composed of 


aii 
=>) ey 


hae =f) 


CHLORIDE OF ARSENIC. 889 


iar Bee: Berzelius. 

x100,00 lead) tee gece g< 1607 6 4d GAOL ve tan SZATTO 

Arsenic acid Chee gD Se DOT ee eee : 
I 226 100°0 100:00 


Subarseniate of lead 


This salt occurs native in several of the Cornish mines, and at Beer- 
alsten, in Devonshire, of a brownish-yellow colour, mamillary, compact, 
and crystallized in six-sided prisms. 


ARSENIATE OF AntTIMony.— Arseniate of potassa throws down a 
white precipitate in the hydrochloric solution of oxide of antimony. 


ARSENIATE OF Bismutu falls in the form of a white powder on adding 
arsenic acid to nitrate of bismuth; it is insoluble in water, and in nitric 
acid, but soluble in hydrochloric acid. (THENaArD.) 


ARSENIATE OF CoBALr is precipitated of a red colour by the addition 
of an alkaline arseniate to a soluble salt of cobalt. The cobalt ore, called 
peach-blossom cobalt, is a hydrated diarseniate of cobalt. 


ARsENIATE oF Nicket, formed by double decomposition, is an apple- 
green powder, often granular and crystalline. The mineral called nickel- 
ochre is a hydrated arseniate of nickel, composed of 36:20 oxide of 
nickel, 36°80 arsenic acid, 25:50 water, and a trace of cobalt. (BrerTuter.) 


ARSENIATE OF URANIUM is thrown down of a straw-colour when 
arseniate of potassa is added to nitrate of uranium. 


CHARACTERS OF THE ARSENITES AND ARSENIATES.—These salts are 
recognised by the alliaceous odour which they exhale when heated in a 
tube with a little carbonaceous matter, when they also afford a metallic 
sublimate. The arseniles, when heated alone, generally lose part of their 
acid, which forms a crystallized sublimate; but the arseniates, under the 
same circumstances, retain their acid, unless partially decomposed, as it 
sometimes is, by the base. The arsenites, when dissolved in dilute hydro- 
chloric acid, and tested by a current, or strong solution of sulphuretted 
hydrogen, give a yellow cloud of sulphuret of arsenic; but the arseniates 
are not thus decomposed. 


_ ARSENIC AND CHLORINE, CHLORIDE oF ARSENIC. (@/ +140.) —This 
compound may be formed: 1. By throwing finely-powdered arsenic into 
chlorine; the metal burns and produces a volatile liquid compound: or 
by passing dry chlorine over arsenic placed in a curved tube or adopter, 


and gently heated: the resulting vapour of the chloride should be con- 


densed in a receiver cooled by ice, and may be purified by redistilling it 
off a little powdered arsenic. 2. Distil 6 parts of corrosive sublimate 
with 1 of powdered arsenic; the chloride passes into the receiver in the 
form of an unctuous fluid, formerly called butter of arsenic. 3. A prefer- 
able process for obtaining this compound is that of Dumas. (Ann. de Ch. 
et Ph., xxxiii. 360.) 1 part of arsenious acid with 10 parts of sulphuric 
acid, are put into a tubulated retort, and the temperature raised to about 
212°. Fragments of fused common salt are then to be thrown in by the 
tubulature; by continuing the heat, and successively adding the salt, 
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chloride of arsenic is cbtained; it ‘distils ever, and may be condensed in 
cold vessels, Very little hydrochloric acid is disengaged, but towards 
the end of the operation, a portion of hydrated chloride of arsenic is pro- 
duced, which floats upon the pure chloride, and appears more viscid and 
colourless; it may be deprived of water by redistillation with concentrated 
sulphuric acid. Mixed with a larger quantity of water, the chloride of 
arsenic is decomposed, and arsenious acid is formed, hydrochloric acid 
being at the same time produced. 

When sulphur or phosphorus are heated in this chloride they are 
dissolved, but again deposited on cooling. It combines with oil of tur- 
pentine and olive-oil. It absorbs about ten times its volume of chloro- 
earbonic acid, but gives it off again on dilution with water. Chloride of 
arsenic consists of | 


Arsenic e.g hs ©: op pO eo bee bt DL eee 
Oblorive "10%. oe Lea eel fe te OT, gee 
1 


Chloride of arsenic 92 ; 100-0 100 


No chloride corresponding with arsenic acid has hitherto been 
obtained, but when excess of chlorine is passed over arsenic, a white 
crystalline sublimate sometimes makes its appearance, which is probably 
a perchloride. When a mixture of arsenic and calomel is distilled, a 
dark-brown sublimate is obtained, which is said to be a mixture of calo- 
mel with a subchloride of arsenic. 


Tope or ArsrEntc (+112), obtained by heating | part of arsenic 
with 3 or 4 of iodine, is of a deep-red colour, and volatile, so that it may 
be purified by sublimation. When acted upon by water, it produces 
hydriodic and arsenious acids; and on evaporating the solution a sub- 
iodide? of arsenic is obtained in nacreous crystals, which are resolved by 


heat into arsenic and iodide of arsenic. (Puisson, Serutuas, Horror, ° 


Jour. de Pharm., Jan. and March, 1828.) 


Bromipe oF ARSENIC. ( ay 4.1b.)—Bromine and arsenic act in- 
tensely on each other with the evolution of heat and light, and form a 
erystallizable compound which fuses at 70°, and boils and evaporates at 
430°. By the action of water, it yields arsenious and hydrobromic acids, 
and on evaporation, crystals of pearly lustre, probably a subbromide. 
(Serutuas, Ann. de Ch, et Ph., xxxviii. 318.) 


FLuoripE or ARSENIC is obtained by distilling a mixture of 5 parts 
of powdered fluor-spar with 4 of white arsenic and 8 of sulphuric acid. 
A colourless fuming liquid passes over, which is decomposed by water, 
and by the contact of glass. Unverdorben, who first examined this com- 
pound, states its specific gravity to be 2°73. It is extremely volatile, 
and fumes in the air. The specific gravity of its vapour exceeds 4. It 
appears to be a sesquifluoride. It combines without decomposition with 
ammonia. In the above process, silicated fluoric acid is also formed at 
the expense of the glass retort, but it escapes in the gaseous form, while 
the fluoride of arsenic may be condensed in a bent tube surrounded by 
ice. 
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Arsenic AND Hyprocren. AnrsENvRETTED Hyprocrn Gas.—Accord- 
ing to Thenard, this gas is best obtained from a powdered alloy, of 3 parts 
of tin and 1 of arsenic, mixed with a portion of powdered arsenic, and 
acted on by hydrochloric acid. It may also be obtained by the action of 
the following alloy upon water. Mix 2 parts of antimony with 2 of 
cream of tartar, and 1 of white arsenic, and heat the mixture strongly for 
2 hours in a covered crucible. When cold, a button of the triple alloy. 
of potassium, antimony, and arsenic, will be obtained, fragments of which 
may be transferred under a jar inverted in water. (Quart. Jour., xiii. 225.) 
This alloy should be carefully excluded from air and moisture. Soubeiran 
recommends that an alloy should be obtained by fusing arsenic with its 
weight of zinc, and that the gas should be procured by the action of this 
alloy on strong hydrochloric acid. When a mixture of white arsenic and 
granulated zine is acted on by sulphuric acid diluted with 4 parts of 
water, a mixture of hydrogen and arsenuretted hydrogen is also obtained. 
Too much caution cannot be observed to ayoid inhaling the smallest por- 
tion of this gas, for it is extremely poisonous: Gehlen, the eminent German 
chemist, fell a sacrifice to its deleterious agency; suspecting that the gas 
was escaping from some part of the apparatus he was using, he applied 
his nose for the purpose of detecting it, and although he respired a very 
small quantity, probably a few hundredths of a grain only, he was seized 
in about an hour with violent vomiting, shivering, and extreme debility, 
which proved fatal. (Ann. de Ch. et Ph., iii. 135.) 

After standing some time over water, arsenuretted hydrogen deposits 
a small quantity of brown matter, which appears to be a hydruret of 
arsenic. It is decomposed, and deposits arsenic at high temperatures: 
exposure to intense cold is said to occasion its liquifaction. It may be 
kept in dry and well-closed vessels without change. It smells strongly 
alliaceous; it extinguishes a taper, and burns with a pale-blue flame, 
forming water, arsenious acid, and hydruret of arsenic, the latter being 
deposited in the form of a-brown crust. It is sparingly absorbed by water 
and has no effect upon vegetable-blue colours. If detonated with excess 
of oxygen, arsenious acid and water are formed. 

If bubbles of chlorine be passed up into a jar of arsenuretted hydrogen 
standing over warm water, flame and explosion are often produced, hydro- 
chloric acid is formed, and a brown hydruret is deposited; but if the gas 
be passed in the same way by successive bubbles into chlorine, no inflam- 
mation results, absorption takes place, and hydrochloric acid and chloride 
of arsenic are formed. If the arsenuretted hydrogen be not very pure, 
and when the gases are cold, inflammation seldom follows their mixture, 
but the experiment requires caution, for if a bubble chance to inflame in 
a mixture of chlorine and arsenuretted hydrogen, the jar would be 
shattered. Chlorine, added to a mixture of sulphuretted with arsenu- 
retted hydrogen, causes a deposit of sulphuret of arsenic. Nitric acid 
suddenly. decomposes arsenuretted hydrogen; water, oxide of arsenic, 
nitrous acid, and nitric oxide, are the results. With iodine it yields 
hydriodic acid and iodide of arsenic. It is decomposed by the action of 
phosphorus, sulphur, potassium, sodium, and tin, at high temperatures. 
It is not affected by hydrochloric nor phosphoric acids, nor by solutions of 
the alkaline sulphurets. Many of the metallic oxides and salts decompose 
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it. Corrosive sublimaté is a most delicate test of its presence; as soon as 
it comes in contact with it, calomel is formed, and a metallic film of 
arsenic and mercury. Bubbles of the gas, passed through a solution of 
corrosive sublimate, are similarly decomposed. It is absorbed and decom- 
posed by a solution of sulphate of copper. It is not altered by alcohol or 
ether; the fixed oils absorb it slowly, and acquire a thicker consistency. 
Oil of turpentine absorbs it, and becomes thick, milky, and sour, and 
deposits crystals, which, when heated, smell of arsenic and turpentine. 

According to Dumas and Soubeiran (Ann. de Ch. et Ph., xtiii.), the 
specific gravity of arsenuretted hydrogen is 2°695; it becomes liquid at 
—40° under ordinary pressure. When the pure gas is decomposed by 
heat, 1 volume yields 13 of hydrogen; when detonated with oxygen, each 
volume requires 13 volume for its perfect combustion, water and arsenious 
acid being the results. It is, therefore, probably composed of 13 equiva- 
lent of hydrogen, and 1 of arsenic, or of 1 volume of arsenic vapour and 
3 volumes of hydrogen condensed into 2 volumes. 


Hypruret or Arsenic is the brown compound deposited in several 
cases of the imperfect decomposition of arsenuretted hydrogen gas. It is 
formed when an alloy of 10 parts of arsenic and 1 of potassium is acted 
upon by water. When in the electrolysis of water, the negative elec- 
trode is formed of arsenic, no hydrogen gas is evolved, but it combines 
with the arsenic to form this hydruret. It is a dark brown substance, 
inodorous and tasteless, and is not decomposed by a red heat; heated in 
the air it burns into water and arsenious acid. 


ARSENIC AND SuLpHuR. ProtosutpHureT or Arsenic. Rep Sut- 
PHURET OF ARSENIC. Reatcar. (A’+S.)—By slowly fusing a mix- 
ture of metallic arsenic and sulphur, or by heating arsenious acid, char- 
coal, and sulphur, a red sulphuret of arsenic is obtained. It is crystalli- 
zable, and of a vitreous fracture: its specific gravity is 3-4. It may be 
sublimed, unaltered, in close vessels. 

It is usually known under the name of Realgar, and occurs native in 
Germany and Switzerland, in veins of primitive rocks and among volcanic 
products. Its primitive form isan acute octoédron. It is used in the 
preparation of the pyrotechnical compound, called White Indian Fire, 
which consists of 24 parts of saltpetre, 7 of sulphur, and 2 of realgar, 
finely powdered and well mixed. It burns with a white flame of great 
brilliancy. | 


When realgar is digested in a solution of caustic potassa, a part of its 


sulphur is removed, and a black or brown powder remains, which, when 
heated, is resolved into realgar and metallic arsenic, and which is regarded 
as a subsulphuret. Realgar consists of 

Native. 
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SEsQUISULPHURET or ARsENIC. YELLOW SULPHURET oF ARSENIC. 
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with sulphur, or when sulphuretted hydrogen is passed through a solution 


of arsenious acid in dilute hydrochloric acid, this sulphuret is formed: in 


the latter case it is in the form of a yellow powder. It is fusible, and 
assumes a lamellar or crystalline texture on cooling, and may be sublimed 
without decomposition in close vessels. Heated 1 in the air, it burns with 
a pale-blue flame, exhaling white fumes and the odour of sulphurous acid. 
Its specific gravity is 3°45. It sparingly dissolves in boiling water. It. 
is soluble in caustic alkaline solutions: it is insoluble in acids, but is 
decomposed by nitric and nitrohydrochloric acids. These sulphurets are 
readily decomposed by fusion with potassa; sulphuret of potassium and 
a sublimate of metallic arsenic are the results. 

Braconnot has employed an ammoniacal solution of orpiment as a dye- 
stuff (Ann. de Ch. et Ph., xii.); the process he recommends is as follows: 
1 part of sulphur, 2 of white arsenic, and 5 of pearlash, are to be fused in 
a crucible at a heat a little below redness: a yellow mass results, which is 
to be dissolved in hot water and filtered; the filtered solution, diluted 
with water, is to be treated with weak sulphuric acid, and will give a fine 
yellow precipitate, which easily dissolves in ammonia, forming a solution 
at first yellow, but becoming colourless on adding more ammonia. The 
wool, silk, cotton, or linen, is to be dipped into this solution, more or less 
diluted according to the colour required, care being taken that no metallic 
vessels are used; on taking them out they are at first colourless, but, as 
the ammonia evaporates, become yellow; they are then to be freely 
exposed to the air, washed, and dried. This colour is very permanent, but 
soap impairs it. Orpiment is also the basis of the pigment called King’s 


Yellow. The composition of orpiment is 
Native. 
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Native Orpiment (the auripigmentum of the ancients) is of a bright 
ee or golden colour. It is generally massive and lamellar. It occurs 
both in primitive and secondary rocks in Suabia, Hungary, China, and 
South America. 


PeRsuLPHURET oF AnsENIc. SULPHARSENIC Acip. (A/+%S.)— 
When sulphuretted hydrogen is passed through a concentrated solution of 
arsenic acid, a yellow precipitate falls, which resembles orpiment in 
colour, and, like it, may be sublimed without change, in close vessels; it 
also is easily fusible and soluble in alkaline solutions, but insoluble in 
boiling water. The same compound is obtained when sulphuretted 
hydrogen is passed through a concentrated solution of arseniate of potassa, 
and the resulting sulpho-salt decomposed by hydrochloric acid. This 

sulphuret of arsenic consists of 
Berzelius. 
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The sulphurets of arsenic are all poisonous, though less virulent than 
the oxides. (OrritA.) They combine with sulphur, or are soluble in fused 
sulphur, in all proportions*. 


ARsENIO-SULPHURETS.—Each of the preceding sulphurets of arsenic 
combines, as a sulphur-acid, with the opposed, or electropositive sul- 
phurets, or sulphur-bases, to form a class of sulphur-salts, called, by 
Berzelius, Arsenio-sulphurets: hence we have three classes of these salts, 
namely, the arsenio-protosulphurets, the arsenio-sesquisulphurets, and the 
arsenio-persulphurets. 

1. The arsenio-protosulphurets (containing realgar, or protosulphuret 
of arsenic,) are formed, in the dry way, when sulphur-bases are fused 
with realgar; or when the arsenio-sesquisulphurets are fused with metallic 
arsenic: when thus obtained, they are decomposed by water, which causes 
the separation of a black or brown subsulphuret of arsenic, and the residue 
is an arsenio-sesquisulphuret. These salts cannot be obtained by the 
direct action of caustic alkali, or of a hydrosulphuret, upon realgar; for 
in that case, also, an arsenio-sesquisulphuret and black subsulphuret are 
formed: but they are produced by boiling orpiment in a somewhat con- 
centrated solution of carbonate of potassa, or of soda, and filtering the 
solution whilst hot; it becomes turbid as it cools, and a brown flocculent 
precipitate (like Kermes) falls, which is a neutral compound of the alka- 
line sulphuret with realgar, that is, an’ arsenio-protosulphuret of potassium, 
or of sodium. These salts are red.or brown, and mostly insoluble in water. 
The acids decompose them, and separate realgar, 

2. The arsenio-sesquisulphurets (containing orpiment, or sesquisul- 
phuret of arsenic,) can only be obtained in the dry way, and in a solid 
state, for when their solutions are evaporated to a certain degree of con- 
centration, a brown powder is deposited (which is an arsenio-protosul- 
phuret,) and an arsenio-sesquisulphuret, with excess of base, remains in . 
solution: but the decomposition is not perfect, till the latter salt crystal- 
lizes. By dilution with water, and boiling, the precipitate is redissolved, 
and the arsenio-sesquisulphuret reproduced. When orpiment is digested 
in weak caustic alkali at common temperatures, a compound, containing 
twice the quantity of orpiment that exists in the neutral compound, is 
obtained. The arsenio-sesquisulphurets of the alkaline bases are not 
decomposed by dry distillation; the others are decomposed at a red heat, 
orpiment is given off, and the sulphur-base remains. 

3. Arsenio-persulphurets, (containing the persulphuret of arsenic.) 
These compounds vary in colour; their taste is hepatic, and extremely 
nauseous and bitter: decomposed by an acid, they give out a very 
peculiar hepatic odour; when the base is a sulphuret of the metals of 
the alkalis or alkaline earths, or of glucium or yttrium, or a few of the 
other metals, these salts are soluble in water; the others are insoluble. 


* According to Berzelius there is a{ what less than half its bulk, and suffered 
compound of arsenic with a larger rela- | to cool slowly, when it deposits erystal- 
tive quantity of sulphur, which is formed | line scales, which are as fusible as sul- _ 
when a neutral solution of arsenio-per- | phur itself, and which he regards as a 
sulphuret of potassium is mixed with | definite compound of arsenic, with great 
alcohol, and filtered; the filtered solu- | excess of sulphur. (Lehrbuch, ii. 44.) 
tion is reduced by distillation to some- 
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These salts are often basic, and are then mostly crystallizable, which is 
rarely the case with the neutral compounds: the latter are decomposed 
by dry distillation, and resolved into arsenio-sesquisulphurets and sul- 


phur; but the basic compounds remain unchanged. They are easily 


decomposed in the open fire. The concentrated solutions of these salts 
are only very slowly decomposed by exposure to air; when more dilute, 
they gradually become turbid, and deposit sulphur and sulphuret of - 
arsenic, whilst the solution contains undecomposed salt, together with 
arsenites and hyposulphites, which, after complete decomposition, become 
sulphates™. | 


SULPHURET OF ARSENIC AND Iron is found native in many parts of 
Europe. It is of a more silvery colour than iron pyrites, and when heated 
exhales arsenic. It is called arsenical pyrites, or mispickel, and is an 
abundant source of arsenious acid. It appears to be a compound of a 
bisulphuret of iron with binarsenuret of iron; or, 
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PuospHuret or Arsenic is formed by heating the metal, or its oxide, 
with phosphorus; it is gray and brittle, and requires to be preserved out 
of the contact of air. 


SELENIURET OF ARSENIC is formed by dissolving arsenic in fused sele- 
nium: it is a black fusible compound, less volatile than its components, 
so that excess of either may be driven off by heat. Ata red heat it boils 
and sublimes. 


Attoys or Arsenic. AnrsENuRETS.—Arsenic unites with most of the 
metals, forming compounds which are generally brittle and comparatively 
fusible. With potassium it forms a brownish compound, which, when 
put into water, evolves less hydrogen than pure potassium, in consequence 
of the formation of hydruret of arsenic. With sodium, the alloy is either 


_ brown and of an earthy aspect, or gray and metallic, according to the pro- 


portions of the metals: water acts upon it as upon the former. (Gay 


* Having stated thus much respecting , stance, I transcribe the following table of 
the arsenio-sulphurets, I shall not go into | the composition of the crystallized tri- 
the details of their history, or attempt a | arsenio-persulphuret of sodium, from L. 
description of their manifold varieties ; | Gmelin. 


of these the reader may form some no- Berzelius 


tion, by reference to Dr. Turner’s ab- Sulphuret of sodium 3. 117:9 . 28°89 + 28-47 


stract of the properties of a few of the Duele alert a 2. 1552 . 38-03 . 38-03 
leading arsenio-persulphurets only,(Elem. | Water... 
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sulphurets of the alkaline bases, and 
admits of similar explanation; as an in- 
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of Chem., p. 753,) or he may consult Ber- ex See ee 
zelius or Gmelin for a full account of 1 408-1 100-00. 100-00 
them. The question as to the state of | Or, 
these compounds when in aqueous solu- ee peace 3. 93:9 . 23-01 
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Lussac and Tumyarp,; Recherches Physico-Chimiques, tom. i.) The alloy 


of arsenic and manganese is not known. Arsenic and iron form com- 
pounds which are more brittle, hard, and fusible than iron: when iron 
only contains 2 or 3 per cent. of arsenic, it becomes very brittle when 
heated. With the acids these arsenurets evolve arsenuretted hydro- 
gen; they retain their influence upon the magnet till the arsenic forms 
about 50 per cent. Arsenuret of zinc is obtained by placing some arse- 
nic atthe bottom of a crucible, or coated retort, and covering it with its 
weight of granulated zinc, the temperature is gradually raised till the 
alloy is fused; it is gray, brittle, and granular in texture; with hydro- 
chloric acid it yields chloride of zinc and arsenuretted hydrogen; it con- 
tains 43-7 arsenic and 56°3 zinc. (SouBEIRAN.) Arsenuret of één is formed 
by fusion; it is brilliant, crystalline, and brittle. According to Dumas, 
the most perfectly crystalline compound i is a subarsenuret, containing 4 
atoms of tin and | of arsenic (86 tin + 14 arsenic). Arsanuret of cobalt 
is formed by heating arseniate of cobalt with charcoal, or in hydrogen gas; 
or arsenic and cobalt may be fused together; the resulting compound con- 
tains 38°5 arsenic-+61:5 cobalt, or about 1 atom and 2. The native 
arsenuret of cobalt has already been mentioned as one of the ores of that 
metal. Arsenuret of nickel is made by heating to bright redness, arseni- 
ate of nickel in a crucible lined with charcoal: a fused button is obtained 
which is gray and brittle, and contains 2 atoms of nickel and 1 of arsenic. 
(Berruier.) Kupfernickel is a native arsenuret, containing | atom of 
nickel and 1 of arsenic; there is also a native binarsenuret of nickel. 
When copper is heated to redness with excess of arsenic, a gray arsenuret 


is formed, containing 2 atoms of copper and 1 of arsenic. Arsenuret of | 


lead is obtained by heating lead with excess of arsenic or of arsenious 
acid: in the latter case arseniate and bibasic arsenuret of lead-are the 
results; it isa gray, crystalline, brittle compound, not entirely decomposed 
by heat; it contains about a sixth of its weight of arsenic, and consists, 
therefore, of 2 atoms of lead +1 of arsenic. A very minute~ quantity of 


arsenic (less than 1 per cent.) is always contained in common lead shot; 


it gives the lead the property of spherical granulation, when the fused 


, 


metal is passed through a sieve and suffered to fall through the air till it - 


solidifies. Arsenuret of antimony is brittle, hard, and very fusible. Arse- 
nuret of bismuth has not been examined, nor are the alloys of arsenic 
with uranium, titanium, cerium, or Pitheotas known. 

The separation of arsenic from other metals may generally be accom- 


plished by repeated deflagration with nitre, by which it is acidified, and © 


the arseniate of potassa may afterwards be washed out by hot water; but 
by some of the metals it is very obstinately retained. 


Tests ror Arsrnic.—As arsenic, either accidentally or intentionally 
taken, is a very frequent cause of death, and often the subject of judicial 
inquiry, it becomes of importance to point out the most effectual modes 
of discovering its presence. Where arsenic proves fatal, it is seldom 
found in the contents of the stomach after death, but is generally pre- 
viously voided by vomiting or by stool; and we often can detect it in the 


matter thrown off the stomach, in the form of a white powder, subsiding | 


in water. The inflammation of the stomach which results is generally a 
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secondary effect, and takes place equally, whether the poison: be swallowed 


_ orapplied to a wound. If minute quantities of white powder be detected, 


with powdered charcoal, previously 
heated before the blowpipe, to expel 


however, in the stomach after death, or in the matter vomited, it is to be 
carefully collected, and treated as follows: 

(a.) Mix a small portion of it with about two parts of black flux; 
introduce the mixture into a glass tube, and gradually heat it red-hot in 
the flame of a spirit-lamp. If arsenic be present, a steel-coloured subli- 
mate will attach itself to the cooler part of the tube, which, heated in con- 
tact of air, evaporates in fumes strongly smelling of garlic. 

Berzelius recommends the atom of white arsenic to be introduced into 
the bottom a of a tube, shaped as in the margin, and covered up to b 


a b ne 


all moisture. Heat is then so applied 


by the flame of a spirit-lamp as to 
make the charcoal red-hot; the portion a is then heated, and the vapour 
of the white arsenic is decomposed as it passes through the red-hot char- 
coal, and a metallic film of arsenic deposited in the cold part of the tube. 
The bottom of the tube is then cut off, and the arsenic recognised as 
before, by the alliaceous smell of its vapour. 

_ (6.) Boil the suspected matter in a little distilled water; and when 
the solution has cooled, add a strong solution of sulphuretted hydrogen, or 


_ pass the gas through it. If arsenic be present, a yellow precipitate will 


appear. According to Dr. Ure, -yayaq of arsenious acid may be detected 
in water by this test. The hydrosulphuretted alkalis do not affect the 
-arsenious solution unless a drop or two of nitric or hydrochloric acid be 


- added, when the yellow precipitate falls; these tests are, however, equivo- 


cal, where very small quantities are to be detected; if a slight excess of 


_ alkali be accidentally present, it retains the sulphuret in solution, and 


excess of acid sometimes occasions a little sulphur to fall. 

(c.) To the solution 6 add a drop of solution of carbonate of potassa, 
-and then a drop or two of solution of sulphate of copper. An apple-green 
‘precipitate, commonly known as Scheele’s Green, indicates arsenic. The 
ammonio-sulphate and ammonio-acetate of copper also give the peculiar 
‘green precipitate when added to very dilute solutions of white arsenic. 


_ This test, however, is fallacious when applied to mixed fluids, for Dr. 
Christison has shown that the ammoniacal solution of sulphate of copper 


‘produces in some vegetable and animal infusions, containing no arsenic, 


-@ greenish precipitate, which may be mistaken for Scheele’s green; 


whereas, in other mixed fluids, such as tea and porter, to which arsenic 


has been added, it occasions none at all if the arsenious acid is small in 


relative quantity. In some of those liquids a free vegetable acid may be 


the solvent, but the arsenite of copper is also dissolved by tannin, and 


_ perhaps by other vegetable, as well as some animal principles. (TURNER. ) 


(d.} Add to the solution 6 a drop of nitrate of silver and of solution 


_ of ammonia, or of ammonio-nitrate of silver; a yellow precipitate indicates 


-arsenic*. 


* This is a delicate test of the pre- | no cloud ensues, but the presence of the 


--sence of ammonia. Ifa drop or two of | smallest trace of ammonia causes a yel- 


be 


+a solution of arsenious acid and of nitrate | low tint. 
of silver be added to pure distilled water 380 


re) 


vis 
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(e.) The Voltaic nile, made to act by two wires on a little arsenious 


solution placed upon a piece of glass, develops metallic arsenic at the . 


_ negative pole; and if this wire be of copper it becomes whitened. 
(f-) Mr. Marsh has ingeniously availed himself of the affinity of 
hydrogen for the detection of arsenic. Whenever hydrogen is generated 


in contact of any arsenical combination, it combines with the metal which 


is carried off in the form of arsenuretted hydrogen gas, and the presence 
of the minutest trace of arsenic in hydrogen may be detected by burning 
it so that the flame may come into the contact ofa plate of glass, or what 
answers better, of a piece of white earthenware, such as a common plate; 
it then deposits a dark metallic spot; or if a cold substance be held a 
little above the flame, arsenious acid condenses upon it; in these cases, 
the garlic odour of arsenic is perceptible, and if paper has upon it the 
slightest deposit of white arsenic, it gives a yellow tint when touched with 
a little diluted ammonio-nitrate of silver. Arsenuretted hydrogen may 
also be recognised by its blackening effect upon solutions of copper and 
silver, but sulphuretted hydrogen occasions a similar change. The appa- 
ratus for this detection of arsenic is represented in the margin. 

277 When it is used, the stopcock, which is fitted into 
the lower bulb by grinding, : is removed, and a piece of 


the level z with the liquid to be tested, to which a suf- 


upper one; the gas being now under pressure, may be 
and being inflamed may be tested by holding a piece 
writing paper an inch or two above it, when the indi- 


provided that metal exists in the tested liquid. The 
zine used in these experiments should have been pre- 
viously examined to ascertain its purity, for it is apt to 
contain traces of arsenic; it may also contain anti- 
mony, or antimony may be present in the tested liquid, 
in which cases, appearances resembling those of arsenic 
will ensue, for antimony also goes off with the hydro- 
gen; but there is then no garlic odour, no indications of arsenic by the — 
silver test: if the flame from the jet be received into a piece of glass tube — 
the depositions may be more precisely examined, and the metallic film of — 


zine placed at z; the bulb and tube are then filled to — 
ficiency of dilute sulphuric acid is previously added, 
the stopcock is replaced, hydrogen gas is soon liberated, 


and filling the lower bulb presses the liquid into the | 


allowed to issue in a very small jet from the stopcock, - 


cations of arsenic above mentioned will be observed, — 


of white earthenware in the flame, and a piece of © 


: 
: 


' 


arsenic may be so heated as to be converted into arsenious acid. In ~ 
regard to the differences between the stain from arsenic and that from 


antimony, Mr. Taylor has observed that the former when received on glass 
is nut-brown by transmitted light, while that from antimony is gray-black; 
both are opaque in the centre. Upon the whole, Mr. Marsh’s method is 


certainly a very delicate and efficient means of detecting and discriminating — 


_arsenic; if the substances under examination are largely blended with 
organic matters, these should be got rid of as far as possible by filtration, 


or by the other usual methods employed:i in such cases. Minute —- | 
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of arsenic may sometimes he detected in coloured organic liquids, such as 
wine, beer, &c., by dipping a piece of paper in them and holding it.over 
a current of sulphuretted hydrogen, or putting it into a bottle filled with 
that gas; it produces a yellow stain, soluble in ammonia: the only metal 

by which a similar effect is produced is cadmium, but the sulphuret of 
cadmium is insoluble in ammonia, and soluble in dilute hydrochloric acid; 
whereas the sulphuret of arsenic is soluble in ammonia, but insoluble in 
dilute hydrochloric acid. 


§ XXV. MOLYBDENUM. 


Tax sulphuret is the most common natural compound of this metal: 
from this ore the molybdic acid was first obtained by Scheele in 1778, and 
from this the metal was obtained by Hielm in 1782. To procure the metal, 
the native sulphuret is powdered and exposed under a muffle, moderately 

heated, till converted into a gray powder, which is to be digested in 
ammonia, and the solution filtered and evaporated to dryness. The resi- 
duum is dissolved in nitric acid, re-evaporated to dryness, and violently 
heated with charcoal. Metallic molybdenum may also be obtained by 
passing a current of dry hydrogen gas over molybdic acid, strongly heated 
in a porcelain iube. It should be suffered to cool in the contact of 
hydrogen. 

The metal is of a whitish-gray colour, and of excessively difficult fusion. 

_ According to Hielm, its specific gravity is 7-4; according to Bucholz, it 
is as high as 8:6, and of the colour of silver, somewhat malleable, and 
unchanged by air. Its specific heat is 0:07218. (Reanavit.) When 
exposed to heat and oxygen, molybdenum is acidified, a white crystal- 
line sublimate of molybdic acid being formed. At a lower temperature, 
it first acquires a brown and then a blue film. It is not acted on by 
dilute sulphuric, hydrochloric, or hydrofluoric acids; boiled in sulphurie 
acid, sulphurous acid is evdlved, and a brown compound formed: it is 
dissolved by nitric acid, and very readily by nitrohydrochloric acid. It 
is rapidly oxidized by fusion with saltpetre. ie 3 

Molybdenum forms three compounds with oxygen, two of which are 
salifiable, and the third, an acid. Its equivalent number is 48, (47:7 
Turner, 47:96 Granam, 48 Genin.) 


__ Proroxtpe or Motyspenum. Motyspovs Oxwe. (in0/+6) is 
obtained, according to Berzelius, by dissolving molybdie acid, or molyb- 
date of potassa or soda, in hydrochloric acid, and putting a piece of 
pure zinc into the solution; the liquid changes to blue, red, and black; 
excess of ammonia is then added, by which protoxide of molybdenum is 
thrown down in the form of a black hydrate, whilst the oxide of zinc is 
retained in alkaline solution; the hydrate is then washed, and dried in 
vacuo over sulphuric acid. It is very apt to retain adhering oxide of 
zinc. Molybdous oxide may be obtained pure by decomposing molybdate 
of potassa by excess of hydrochloric acid, and agitating the liquid with an 
amalgam of potassium (containing little potassium); when it has acquired 
a black colour ammonia is added, which throws down the hydrated oxide. 
(Demas.) In the state of hydrate this oxide is soluble in the acids, but 
: 3902 
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when anhydrous almost insoluble; it is also insoluble in the caustic and 
carbonated alkalis, but the recently-precipitated hydrate is soluble in 
earbonate of ammonia. Molybdous oxide consists of 

‘4 Berzelius. 
48 ss BS]. + S85°6S 
Sy, fella os hea eed 


— 


Molybdenum . . . 
Oxygen . : 


56 100°0 100°00 


aol | tamer 


Protoxide of molybdenum 


Devroxwe oF Motyspenum. Brnoxipe or Motyspenum. Motyspi¢c 
Oxwwe. (mo0l+20) was obtained by Bucholz, by strongly heating molyb- 
date of ammonia rammed down in a crucible: the molybdic acid is reduced 
by the hydrogen of the ammonia, and a crystalline copper-coloured sub- 
stance is obtained, of the specific gravity 5°6. It may also be procured, 
according to Berzelius, by heating a mixture of sal-ammoniac and molyb- 
date of soda in a platinum crucible till the fumes cease: the residue is 
well-washed, digested in caustic potassa to separate any molybdic acid, 
and again washed with boiling water. The oxide remains in the form of 
a black powder, becoming dark-brown when dry, and purple when exposed 
to the sun’s rays. | 

Dumas observes that although zinc reduces molybdic acid to the state 
of protoxide, copper only brings it down to deutoxide; if therefore copper, 
molybdic acid, and hydrochloric acid, are put together, the molybdic acid 
disappears, and the liquid acquires a deep red tint: it contains the 
chlorides of copper and molybdenum ; by excess of ammonia, the deutoxide 
of molybdenum is thrown down, and the oxide of copper retained in solu- — 
tion; the precipitate is cleansed by washing with solution of ammonia. ' 

Hydrated molybdic oxide is brown, but becomes green by exposure; 
it is slightly soluble in distilled water, but insoluble in saline solutions; — 
it is said to redden litmus, but has no other acid characters, and is insoluble 
in caustic alkalis, but soluble in the carbonates and bicarbonates. When 
dried in vacuo it becomes dark brown, and loses its solubility, resembling ~ 
then the anhydrous oxide obtained as above. Molybdie oxide consists of 


‘Bucholz. Berzelius. 

Molybdenum .. .. . 1... 48 «9. 75% . 133.68 Fogo 

Oxygen 5's &.- Laker als ie gy alts uae ae 25 tebe ltt ees 
1 


Deutoxide of molybdenum 64 100 100 100 


Mo.yspovs Acw.—When metallic molybdenum and molybdie acid — 
are boiled together in water, a blue solution is formed, which has some- 
times been termed molybdous acid, and regarded as a distinct stage of | 
‘oxidizement, but which appears to be a compound of molybdic acid with — 
the deutoxide, and consequently a molybdate of oxide of molybdenum. 
When a current of hydrogen gas is passed over molybdic acid at a red 
heat, it acquires a blue colour, and becomes converted into molybdous acid. 
This compound is soluble in water, and yields a rich blue solution, which 
becomes quite colourless on moderate dilution; it is insoluble in solution 
of sal-ammoniac; it is immediately converted into molybdic acid by nitric 
acid, nitrohydrochloric acid, and chlorine ; and on the other hand, deoxi- © 
dizing agents, such as protochloride of tin, or tin-filings and hydrochloric — 
-acid, convert molybdic acid into this blue compound. | According to Ber- 


zelius, the molybdous acid is constituted of 2 atoms of molybdic acid + 
of molybdic oxide. 
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PrroxipE or Moryspenum. Morysvie Aciy. (mol+30) or mol’. 
—To obtain this acid, the native sulphuret of molybdenum should be 
roasted and triturated, to reduce it to powder, and distilled, with 3 or 4 
parts of nitric acid, to dryness. This operation should be repeated, till 
it is converted into an uniform white mass, which consists of molybdic, 
nitric, and sulphuric acids; the two latter may be expelled by a red 
heat in a platinum crucible, and the remaining molybdic acid repeatedly 
washed with boiling-water, in which it is little soluble, will be nearly 
pure. It may be rendered perfectly pure by solution in ammonia, pre~ 
cipitation by nitric acid, and exposure to heat. Molybdic acid may also 
be procured by roasting the powdered native sulphuret at a low red-heat, 
till it ceases to give out sulphurous acid; the residue, by digestion in 
ammonia, affords a molybdate of ammonia, which may be purified by cry- 
stallization, and decomposed by a moderate heat in a platinum crucible, 


‘so as to leave the molybdic acid. 


The molybdie acid, thus procured, is a white powder, of the specific 
gravity of 3:46, and requiring, according to Hatchett, 960 parts of boiling 
water for its solution, which is yellow, reddens litmus, but has no sour 
taste. Its solubility probably differs with its aggregation, for Bucholz 
found it soluble in about 500 parts of cold water, and others in 570 and 
600. Heated to redness in an open vessel, it slowly sublimes, and con- 
denses in brilliant yellowish scales. It dissolves in hot sulphuric acid, 
forming a solution, which is colourless while hot, but on cooling acquires 
a blue colour, which is heightened by the addition of soda. Its hydro- 
chloric solution is pale yellowish-green, but becomes blue when saturated 
by potassa. (Hatcnert, Phil. Trans., 1796.) 

It dissolves in the alkalis, forming solutions which are colourless, and 
from which the molybdiec acid is at first precipitated, but afterwards 
dissolved, by the stronger acids. Molybdic acid is composed of 
e Berzelius, Bucholz. 
molybdenum oii Wie, * 1,48 ¢3o 63 L667) 6 ies 6661S. See 67-5 
BP CN io hee da se 2EN 1 BBS). 4s 2, 39387. 1a 38 


Molybdiec acid 1 72 100:0 100°000 100°0 


Motyspate or Ammonra. (MOl/+4.A.)\—This salt is obtained by 


dissolving molybdic acid in excess of ammonia, and leaving it to spon- 


taneous crystallization; it forms square prisms, of a pungent metallic 


taste. When the ammoniacal solution is boiled down, it affords, on 


cooling, a crystalline mass of bimolybdate of ammonia; which, by spon- 
taneous evaporation, may be obtained in rhombic crystals of a pale 
bluish-green colour, and difficultly soluble in water. Distilled in close 


_ vessels this salt yields water, ammonia, and nitrogen, and leaves brown 


deutoxide; in open vessels the residue is molybdic acid. (BrrzExivs.) 


Motyspate or Porassa (MOl+P) is formed by digesting the acid 
in potassa; or by heating to redness 2 parts of nitre with 1 of molybdic 


} acid, and lixiviating the mass. Its solution, which is colourless, yields 


3 small rhomboidal crystals by evaporation, and affords a precipitate of 
_molybdic acid, to hydrochloric, nitric, and sulphuric acids. When chlo- 7 


tine is passed through it, a white powder falls, difficult of solution in cold 
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water, but instantly dissolved by ‘hot, which Berzelius suspects to bea 
bimolybdate of potassa. 


Mo.yepate or Sopa (mol’+8) is more soluble than molybdate of 
potassa, and furnishes permanent and transparent crystals. In obtaining 


this salt, a deposit of a yellowish powder ensues, which is probably a 
bimolybdate of soda. 


Moutyspate oF Lime (mol! +C) is thrown down in the form of an 
insoluble powder, when alkaline molybdates are added to solutions of 
lime. 


MouyppaTe oF Baryta (mol/ +B) falls in the form of a flocculent 
precipitate, which collects into crystalline grains, when molybdate of 
ammonia is added to a solution of nitrate of baryta: by heat. it 
acquires a blue tint. It dissolves in nitric and hydrochloric acids, and 
these solutions deposit it, when evaporated, in the form of a crystallized 
rind. 


Monyspars or Srrontia (00/4 Srr) is insoluble in water. 


Mo.typpaTEe or Macnesia (mol -+M) is soluble in water, and forms 


clusters of small prismatic crystals, which become yellow when heated, 


and lose 28 per cent. of water: it dissolves in 12 to 15 times its weight 
of water.. (BERZELIUS.) 


Mouyppate or Maneansse-(0l/ + Man) is a brownish-white and 
somewhat soluble powder. (RicaTEr.) 


Motygpate or Proroxipe oF Iron is insoluble, and of a dark-brown 
colour. (ScHEELE. ) 


Mo.yspate oF Peroxipe or Inon isa yellowish- arate precipitate, 
decomposed by caustic alkali. 


Motyspate or Zinc is insoluble in water, white, pulverulent, and 
soluble in the stronger acids: It is obtained by mixing the solutions of 
molybdate of ammonia and sulphate of zinc. (BRANDES.) 


MonyppaTE oF Prroxipe or Tin is a. gray powder, insoluble in 
water, soluble in caustic potassa and in hydrochloric acid, but not altered 
by nitric acid. 


Motyspate or CapmMium.— When solitons of molybdate of ammonia 
and sulphate of cadmium are mixed, a grayish-white powder is thrown 
down, which when gently ignited pecoiies brown. » (BRANDES. ) 


Mouyspare or: Conarr is precipitated of a dirty-yellow sdlous, but — 


becomes red by drying: it is decomposed by the alkalis and by the 
stronger acids. (BERZELIUS.) 


MotyspatE oF NickeL is a pale-green powder, soluble i in eile 
water. When molybdic acid is added to nitrate of nickel, a white pre- 
cipitate falls, provided there is no excess of nitric acid. (Hatcuert.) 


‘Motyppate or LEap. (mol +- Px.)—This compound is precipitated 
in the form of an insoluble powder, on mixing solutions of molybdate of 
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ammonia and nitrate of lead; it is of a pale-yellow colour, soluble in 
nitric acid and in caustic alkalis. It occurs native, crystallized, and of 
different shades of yellow; it was first discovered in Carinthia, and has 
since been found in Mexico, Hungary, and Saxony; its density is 5-7; it 
was analyzed by Hatchett. (Phil. Trans., 1796, p. 323.) 


It consists of Native. Artificial. 

; Hatchett. Gdébel. Berzelius. 

Oxide oflead . 1 . 112 . 6087 . 604 . 595 . 64°42 ~ 
-Molybdicacid . 1 . 72 . 3913 . 396 . 405 . 3558 


see 


Molybdate of lead 1 184 100-00 100°0 100°0 10000 


Motyppate oF Copper is yellow-green, difficultly soluble in water, 
and easily decomposed by acids and alkalis. (BeRzELtvs.) 


Motygppate or Uranium is a pale-yellow powder, soluble in the 
stronger acids and in carbonate of ammonia; when heated it becomes 
blue: it is obtained by adding molybdate of ammonia to persulphate of 
uranium: it consists of 43°75 molybdic acid + 56:25 peroxide of uranium, 
(BRANDES. ) 


Cutories or Motyspenum.——According to Berzelius there are three 
chlorides of molybdenum, corresponding in composition to the oxides. 


PROTOCHLORIDE OF MoLysDENUM (mol + C) is obtained by dissolving 
the protoxide, to saturation, in hydrochloric acid; the solution is of a very 
deep red-brown colour, and leaves on evaporation a viscid mass, soluble 
in water. It forms double salts with sal-ammoniac, and with chloride of 
potassium. 


Bicutorwe or Monyspenum. (mol+2¢.)—This compound is 
formed by heating metallic molybdenum in pure and dry chlorine; the 
metal burns, and a very dark-red vapour fills the retort, which condenses 
into crystals much resembling iodine; they are fusible, volatile, and in 
the air first fume a little;and then deliquesce into a black liquid, which 
changes colour in proportion. to the water it absorbs, becoming blue- 
green, green-yellow, dark-red, rose-coloured, and lastly, yellow. When 
the crystals are thrown into water, much heat is evolved; if the solution 
be dilute, it becomes green or blue in consequence of oxidizement, ‘This 
chloride forms a double ammonio-chloride of molybdenum with sal-ammo- 
niac, but does not combine with the chlorides of potassium or sodium. 


_. Prrcutoripr or MoLtyBpENuM (mol +3C) is formed when molybdic 
acid is dissolved in hydrochloric acid: it is obtained in the solid form, 
when a current of chlorine is passed over gently-heated deutoxide of 
molybdenum; a white or yellowish crystalline sublimate is formed, and 
molybdiec acid remains in the tube: this compound is less volatile than 
the bichloride, but it rises in vapour at a temperature below redness: it 
does not fuse. It readily dissolves in water, and is soluble in alcohol: 
its taste is sharp, astringent, and afterwards sour. (Brerzexius.) <Accord- 
ing to H. Rose (Ann. de Ch. et Ph., uxvi. 218), the compound resulting 
from the above process contains 2 atoms of molybdic acid + 1 atom of 


_  perchloride of molybdenum, its ultimate elements being (s mol+6o +3); 


it is therefore an owichloride of molybdenum. . 


Shemp raat Tne _ “ 
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Ioprpes of Moryspenum.—lIodine has no action on metallic molyb- 
denum at any temperature. Proliodide of Molybdenum (mol+1) may. 
be formed by dissolving the protoxide in hydriodic acid. Biniodide of 
Molybdenum (mol +212) is produced when the deutoxide is dissolved in 
hydriodic acid; the solution yields dark-red crystals on evaporation. 


Brome or Motypprenvm has not been examined. 


PRorortvormpE oF Moryspenvm (mol +. op ) is formed by dissolving 
the hydrated protoxide in hydrofluoric acid; a dark-purple solution is 
obtained, which by very careful evaporation leaves a purple viscid 
residue; at a higher temperature it becomes brown, and loses its perfect 
solubility in water: it forms triple compounds with ammonia, and with 
the fluorides of potassium and sodium. , 


Bir.tvuorwwe or MotyBpENUM (mol +2 f ) is obtained by saturating 
hydrofluoric acid with the deutoxide: on evaporation a black crystalline 
compound is obtained, which yields a red aqueous solution: it forms 
double salts with ammonia, potassium, and sodium. 


PERFLUORIDE OF MoLYBDENUM (mol 43 f° ) is the result of the solu- 
tion of molybdic acid in hydrofluoric acid; it yields, on evaporation, a 
yellow uncrystallizable residue, which easily acquires a blue tinge from 
dust, or other reducing agents. 


Motyspenum AND SutpHur.—There are three sulphurels of molyb- 
denum, two of which correspond with the deutoxide and with molybdie 
acid, and the third contains 4 equivalents of sulphur; no protosulphuret, 
corresponding with the protoxide, has as yet been formed. 


Bisuupauret oF Moryspenum (mol+28) is produced artificially 
by intensely heating a mixture of molybdic acid and sulphur, out of the 
contact of air. It forms the native sulphuret, and consists of 


Bucholz. | Brandes. 


Molybdenum 1 4800. 60 os OUR ee aes 
Sulphur 2 Bor AOE ee EOF oars ee 
Bisulphuret of molybdenum 1 80 100 100 100°0 


Native Sulphuret of Molybdenum is found in Bohemia, Sweden, and 
near Mont Blanc, disseminated in a gray granite. It has been found in 
England, chiefly in Cornwall; and in Scotland, in Inverness-shire. It 
rarely occurs crystallized; generally massive, and in easily-separable 
lamine. It is soft and unctuous to the touch, and in colour much like 
lead; infusible, and unchanged by heat when air is excluded. Its pro- 
perties have already been referred to, as a source of molybdenum. It 
is found exclusively in primitive rocks; generally in granite, and with 
quartz. alae 


TrrsvtpuuRet or Motyspenum (N0/ +3 $) is obtained by saturating 
a strong solution of a molybdic salt with sulphuretted hydrogen, and then 
adding hydrochloric acid; a dark-brown precipitate falls, which becomes 
black on drying, and which, when heated in close vessels, gives off sul- 
phur, and becomes bisulphuret: it dissolves slowly in the caustic alkalis, 
and more easily in the alkaline hydrosulphurets. | 


-o." - 
Waa 


oy On 


SULPHURETS OF MOLYBDENUM. , 905 


It consists of © 
Berzelius. 


Molybdenum MereeM ART yeots AU sei CLO ee ts ee PAG TO 
SHU ns eee NOE a ree a at oe eT ee BOG 
1 


as 


Tersulphuret of molybdenum 96 100 100°00. 


This sulphuret combines with the sulphurets of the electropositive 
metals (alkaline bases), and forms a class of sulphur-salls, which may be 
called molybdo-tersulphurets. 


Motyppo-TERSULPHURET OF PorassIum. (mol +38)+(po+s.)— 


This salt is formed by saturating molybdate of potassa by sulphuretted 
hydrogen, and evaporating; it forms prismatic crystals of a beautiful 
green and iridescent lustre: by transmitted light they are ruby red, 
soluble in water, and insoluble in alcohol; on the addition of the stronger 
acids, sulphuretted hydrogen is evolved, tersulphuret of molybdenum is 
precipitated, and a salt of potassa remains in solution. This salt is anhy-. 


drous, and consists of 
Berzelius. 
Sulphuret of potassium SO ELSES Cr: Cie RRR RE TES 2 
Tersulphuret of molybdenum . . 1 . . 96 . . 632 . . 64:43 | 


Molybdo-tersulphuret of potassium 1 152 100°0 100-00 


Similar soluble molybdo-tersulphurets may be formed with sulphurets 


- of sodium and lithium, and with those of barium, strontium, and calcium: 


and several insoluble molybdo-tersulphurets are obtained by double decom-. 
position. 


PERSULPHURET OF MOoLYBDENUM. QUADROSULPHURET OF MoLyBprE- 
num. (mOl+45.)—This compound is obtained as follows: saturate 


_ bimolybdate of potassa with sulphuretted hydrogen, and boil the resulting 


turbid solution for some hours in a retort; when it cools, a black light 
powder, and red crystalline scales are deposited, which must be separated 
as far as possible; the red crystalline deposit is then washed upon a filter 
with water, till the washings no longer afford a red (not a brown) preci- 
pitate with hydrochloric acid; the residue upon the filter is then treated 
by boiling water, and the dark-red solution which filters through is 
decomposed by excess of hydrochloric acid; a bulky dark-red or brown 
precipitate falls, which is the quadrosulphuret; it is washed and dried, 
during which it shrinks, acquiring a gray lustre, and giving a cinnamon- 
brown powder. It consists of 
Berzelius. 

Molybdenum Briel e oes Le ee 48 . . 4286 . . 42°58 
SOREL PIRUERIO ES atte ae cee, cede se Gd 2) he Te ers o ws. BAe 
1 


112 100-00 100-00. 


Persulphuret of molybdenum 


This, like the tersulphuret, combines with the protosulphurets of the 
electropositive metals, and forms molybdo-persulphurets; they are rarely 
erystallizable, and of a red or orange colour. 


SALts OF THE OxrpEs oF MoityspEnum.—There are three classes of 


these salts: those of the protoride; of the deutoxide; and of molybdic 


acid. 
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1. The salts of the protowide are black or deep purple; they have a 
purely astringent taste. 2. The salts of the deutoxide, when anhydrous, 
are nearly black, but red when they contain water of. crystallization: their 
solutions have an astringent, sourish, and metallic taste; they are ren- 
dered brown by infusion of galls, and a gray-brown precipitate falls; 
ferrocyanuret of. potassium occasions a dark-brown precipitate, which is 
insoluble in excess of the precipitant. They are rendered black by an 
immersed plate of zinc, and a black zinciferous protoxide of molybdenum. 
falls. 3. The molybdic acid, before it has been heated, is soluble in the 
other acids, and produces a class of compounds which, in some of their 
characters, resemble the common salts; but they combine with the alkalis 
in the manner of a double acid. 

There is also a class of molybdic compounds of a deep-blue colour; 
they are double salts, the basis of which is a compound of the deutoxide 
with molybdic acid; the sulphate thus formed is of a deep-blue colour, 
but becomes quite colourless when diluted with 3 or 4 parts of water. 

Before the blowpipe molybdic acid melts by itself upon the charcoal 
with ebullition, and is absorbed. In a platinum spoon it emits white 
fumes, and is reduced in the interior flame to molybdie acid, which is 
blue, but in the exterior fame it is again oxidated and becomes white. 
With microcosmic salt, in the exterior flame, a small proportion of the 
acid gives a green glass, which by gradual additions of the acid passes 
through yellow-green to reddish, brownish, and hyacinth-brown, witha 
slight tinge of green. In the interior flame the colour passes from yellow= 
green, through yellow-brown, and brown-red, to black; and if the pro- 
portion of acid be large, it acquires a metallic lustre, like the sulphuret, 
which sometimes remains after the glass has cooled. Molybdic acid is 
but sparingly dissolved by borax. In the exterior flame the glass acquires 
a gray-yellow colour. In the interior flame black particles are precipitated 


—_—- 


from the clear glass, leaving it almost colourless when the quantity of — 


molybdenum is small, and blackish when the proportion is large. If, to 
a glass formed of this acid and microcosmic salt, a little borax be added, 
and the mixture fused in the exterior flame, the colour becomes in- 
stantly reddish-brown: in the interior flame the black particles are 
also separated, but in smaller quantity. By long-continued heat the 
colour of the glass is diminished, and it appears yellower by the light of 
a lamp than by day-light. This acid is not reduced by soda in the interior 


flame. 
§ XXVI. CHROMIUM. 


Curomium was discovered by Vauquelin in 1797. It was named from 
xpopa, colour, on account of its tendency to produce coloured com- 
pounds. Its two native combinations are the chromate of lead, in which 
the metal was originally discovered (Ann. de Ch., xxv. and uLxx.), and 
the chromite of tron, which is a compound of the oxides of chromium 
and iron, found abundantly at Unst in Shetland, and in several parts of 
Europe and America. Metallic chromium may be obtained by intensely 
igniting its ovide with about a tenth of its weight of charcoal, but the 
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reduction is difficult and imperfect. According to Dumas the colour of 
chrome resembles that of platinum; it scratches glass, and takes a good 
polish; he could not succeed in fusing it into a button, but only obtained 
it in a spongy mass superficially fused, though the furnace which he 
employed was adequate to the fusion of a pound of soft iron in fifteen 
minutes, When pure it is not magnetic. Its density is 5'9. Heated in 
the air it becomes superficially protoxidized: it is scarcely attacked by 
any of the acids, even at a boiling heat: it is, on the other hand, oxidized 
by the action of alkalis in the presence of oxygen: the carbonates, 
nitrates, and chlorates, may be used for the purpose. The equivalent of 
ehromium may be assumed as-28. 


Curomium and Oxycrn.—There are two well-defined oxides of 
chromium; the protoxide, which is a salifiable base; and the perovide, or 
chromic acid. According to Berzelius, there also exists a definite 
deutoxide. ; 


PRoToXIDE oF CHRomMiIuM. SESQUIOXIDE oF CuiHRoMIUM. (chr+ 
#0) or Cur.—There are several modes of obtaining this oxide:—]: 
When metallic chromium is exposed to the action of heat and dir, it 
eombines superficially with oxygen, and this oxide is formed. 2. The 
simplest method of obtaining it consists in heating chromate of mercury 
red-hot; mercury and oxygen are given off, and if a pure chromate of 
mercury is used, the resulting oxide of chrome is of a pure green. 3, It 
may be obtained by calcining a mixture of equal parts of chromate of 
potassa and sulphur in a close earthen crucible, at a red heat, and wash- 
ing the green mass which is produced, to dissolve out the sulphate and 
sulphuret of potassium; the oxide of chromium remains, and is rendered 
pure by repeated washings. (Ann. de Ch. et Ph., xiv. 299.) 4. By 
digesting chromate of lead in a mixture of hydrochloric acid and alcohol; 
an ether is formed, chloride-of lead thrown down, and chloride of chro- 
mium remains in solutién; it may be precipitated in the state of carbon- 
ate of chromium by carbonate of potassa, and this precipitate washed, and 
heated red hot, yields the pure protoxide. 5. Chromate of potassa may 
be dissolved in excess of hydrochloric acid, and sulphuretted hydrogen 
passed through the solution, which reduces the chromic acid to oxide, the 
hydrochloric solution of which may be decomposed as above. 6. Chromate 
of potassa may be boiled with hydrochloric acid and alcohol, by which, as 
in the case of chromate of lead, a solution cf protochloride of chromium is 
obtained: it may be thrown down either by ammonia or by an alkaline 


carbonate, and the resulting hydrate or carbonate of ‘chromium may be 


reduced to the state of pure oxide by calcination. 7. When chromate 
of lead is heated in a crucible coated with charcoal, oxide of chromium 
and metallic lead are obtained; they may be separated by triturating the 
mass and sifting it, when the lead remains upon the sieve. 8, A mixture 
of equal parts of chromate of potassa and sal-ammoniac, when calcined, 
yields a green mass, which, when well washed, leaves oxide of chromium. 
9. When the vapour of chlorochromic acid is passed through a white-hot 
tube, chlorine and oxygen are disengaged, and the tube becomes lined 
with crystals of oxide of chromium, which are of so deep a green as to 
appear nearly black; their lustre is metallic, and they are so hard as to 
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scratch glass; their density is 5°21. Berzelius states, that when oxide of 
chromium, obtained by gently drying the hydrate, is heated nearly red 
hot in a crucible, it suddenly becomes ignited throughout, without either 
gaining or losing weight: this occurs in close as well as in open vessels; 
when cool it has a fine green colour, and has become insoluble in the 
acids. To render it again soluble, it must be digested in concentrated 
sulphuric acid, or fused with caustic potassa, or with nitre. In this 
respect it resembles zirconia and titanic acid. 

Protoxide of chromium is of a green colour, the shades of which are 
deeper in proportion to the temperature to which it has been exposed, 
infusible and unchanged by heat. After exposure to a red heat it is 
scarcely attacked by the acids, but readily dissolves in them when recently 
precipitated, and in the state of hydrate. It is converted into chromic 
acid by deflagration with nitre. Fused with vitrifiable substances, and 
especially with borax, it confers upon them a characteristic green colour: 
hence its use in porcelain and enamel painting. 

Hydrated Oxide of Chromium.—When this oxide 1s precipitated from 
its acid solutions, by the caustic fixed alkalis, it falls in the form of a 
bulky green powder, slightly soluble in excess of the alkali, but again 
thrown down on boiling the solution: in this state it is a hydrate. It is 
very sparingly dissolved by excess of ammonia. It may be best obtained 
by adding a mixture of equal parts of hydrochloric acid and alcohol, in 
small portions, to a boiling solution of chromate of potassa, until the 
liquid acquires a pure green colour. When cold, excess of ammonia is 
added, which precipitates the oxide, combined with a large relative 
proportion of water; and in this state it readily dissolves in.the acids. 
(THoMson. ) 

When tartaric acid is added to the aqueous solution of chromate of 
potassa, it causes an effervescence, and the solution becomes green in 
consequence of the conversion of the chromic acid into protoxide of 
chromium: the addition of ammonia now throws down a bulky green 
tasteless powder, readily soluble in acids, which is also an hydrated oxide 
of chromium; when heated, it loses as much as thirteen-fifteenths of its 
weight of water, leaving two-fifteenths of dry protoxide, of a green 
colour, but difficultly soluble. According to Thomson, this therefore 
contains a larger quantity of water than any other metallic hydrate. 
Protoxide of chromium consists of 


Berzelius. 
Chromium: « Jer ee ee a8 ae COO eee ae 
Oxygen . lz 12-6 2a 980) 65. 6 29°89 
Protoxide of chromium 1 40 100 100°00 


Native Protoxide of Chromium has been found in France, in the 
department of the Rhone, in the form of a green incrustation. It is the 
colouring-matter of the emerald, and exists in a few other minerals, such 


as diallage and some varieties of serpentine. 
The native oxide is insoluble in the acids, and occurs combined or 


mixed with silica and alumina, the richest specimens containing not more 
than 13 per cent.: their shades of green vary accordingly. . 


DEUTOXIDE or CuromiumM.—When nitrate of chromium is decom- | 
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posed at a dull red-heat, an insoluble drown deuloxide is formed. When- 
heated with hydrochloric acid, chlorine is evolved, and a protochloride 
formed. According to Berzelius, when a solution of chromic acid in 
sulphuric acid is digested with the hydrated protoxide of chromium, a 
brown solution is obtained, from which the deutoxide, in the state of 
hydrate, is precipitated by the caustic alkalis: he says that it dissolves in, 
and gives distinct salts with the acids; distinguished from the protosalts 
by their brown colour, and convertible into protosalts by deoxidizing 
agents. Ata bright red-heat this deutoxide loses oxygen, and becomes 
protoxide, so that it is difficult to obtain it pure, for if the protonitrate 
be not adequately heated, the product contains nitric acid, and if over- 
heated, protoxide of chromium. According to Débereiner, this oxide 
may be regarded as a dichromate of chromium; ora compound of 2 atoms 


of the green oxide and 1 of chromic acid: Mauss also regards it as a 
chromate of the protoxide. 


Curomic Acip. Prroxipe or Curomium. (chr +3 0) or Chr’.—Pure 
chromic acid may be procured, according to Unverdorben, by the following 
process, from the native chromite of iron. Reduce it to a fine powder, and 
expose it to a bright red-heat for two hours, mixed with half its weight of 
nitre; wash the contents of the crucible, and add to the lixivium nitric 
acid sufficient to neutralize the excess of potassa; in this way a solution 
of nitrate and of chromate of potassa is obtained. Upon adding nitrate of 
lead to this solution, chromate of lead is precipitated in the form of a yel- 
low powder, which is to be washed, dried, and heated to redness, Of this 
chromate, 4 parts are then well mixed with 3 of finely-powdered and 
|pure fluor-spar (previously heated red-hot), and 5 of concentrated sul- 
phuric acid; this mixture is introduced into a distillatory apparatus of 
lead or platinum, and gently heated; a red vapour is liberated, which is 
conducted into distilled water contained in a vessel of platinum: it is 
thus condensed into a dark orange-coloured liquid; the red vapour is a 
fluoride of chromium, and is resolved by water into hydrofluoric and 
chromic acids, the solution of which, evaporated in a platinum vessel, leaves 
“pure chromicacid. If, instead of conducting the vapour into water, it be 
‘received into a platinum vessel, containing pieces of moist blotting-paper, 
it is decomposed as before; but the chromic acid is deposited in beautiful 
-acicular crystals, which soon deliquesce. 

“ Another method of preparing chromic acid hag been suggested by 
-M. Amold Mauss, which consists in decomposing a hot concentrated 
solution of bichromate of potassa by silicated hydrofluoric acid: the 
chromic acid, after being separated from the sparingly-soluble fluoride of 
‘silicium and potassium, is evaporated to dryness in a platinum capsule, 
and then redissolved in the smallest possible quantity of water: by this 
means the last portions of the double salt are rendered insoluble, and the 
pure chromic acid may be separated by decantation. The acid must not 
be filtered in this concentrated state, as it then corrodes paper like sul- 
phuric acid, and is converted into chromate of the green oxide of chrom- 
ium. When it is wished to prepare a large quantity of chromic acid 
by this process, porcelain vessels may be safely employed in the first part 
of the operation, provided care is taken to add a quantity of silicated 
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hydrofluoric acid, not quite sufficient for precipitating the whole of the 


potassa.” (Turner's Elements.) 

~ Chromic acid was formerly obtained by decomposing chromate of lead, 
or chromate of baryta, by sulphuric acid; but in that case, when the 
solution is evaporated, the crystals which are obtained always retain 
sulphuric acid, and if it be attempted to expel this by heat, part of the 
chromic acid is itself decomposed. (Gay Lussac, Ann. de Ch. et Ph, 
xvi. 102.) 

Chromic acid is of a dark-red colour, becoming almost black when 
heated; its taste is sour and metallic; it tinges the cuticle yellow; it may 
be obtained from its aqueous solutions in deliquescent but anhydrous 
prismatic crystals, of a ruby colour. When heated red-hot, it gives outa 
portion of oxygen, and becomes the green protoxide; it is energetically 
acted on and converted into oxide by ammonia. It dissolves in alcohol, 
and the solution gradually deposits green oxide, It combines with sul- 
phuric acid, and the compound forms octoédral crystals, formerly mistaken 
for pure chromic acid. With hydrochloric acid it forms a compound 
which dissolves gold. It is a powerful bleaching agent. The aqueous 
solution of chromic acid is decomposed by the sun’s rays, and deposits the 
oxide. Chromic acid appears to be the colouring matter of the ruby. In 
combination with oxide of tin it forms a pink colour used in porcelain 
painting. (Ann. de Ch. et Ph., uxi. 433.) . The salts of chromic acid are 
said to be isomorphous with those of the sulphuric and selenic acids. 


This acid is composed of 
Berzelius. 
Chromium Loje a 28 eS 2 BSES pees 
Oxygen ... 3 , » 24 «© . 4615 . ~ 4602 
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Chromic acid 


Crromare or Ammonta (CAy‘/+ A) is formed by saturating ammonia | 


with chromic acid, and concentrating the solution over sulphuric acid in 
vacuo; it forms yellow crystalline scales, haying an alkaline reaction, very 
soluble, and anhydrous. (THomson.) 


BicuroMATE or Ammonia (2 chyi+ A) is produced when the solu- 
tion of the preceding salt is concentrated on a sand-heat; it forms 
crystalline plates, resulting from an oblique rhombic prism (Brooke, 
Ann. of Phil., 2nd series, vi. 287), and which include 2 atoms of water. 
(THomson. ) 

CuroMATE OF PoTAssa. (chr! + P.)—This salt is prepared by exposing 
a mixture of 4 parts of powdered native chromite of iron with 1 of nitre, 
to a strong heat for some hours, and washing out the resulting soluble 
matter; the process is repeated till the ore is decomposed. The washings 
yield chromate of potassa by evaporation. Dumas directs equal parts of 
nitre and of the pulverized ore to be heated gradually to redness; nitric 
oxide is disengaged, and chromate, silicate, aluminate, and sometimes 
manganesate of potassa, are produced, forming a porous mass: the oxide 
of iron is set free; the chromate of potassa is washed out, and the residue, 
which still contains chromium, may be digested in dilute hydrochloric acid, 
which dissolves the oxide of iron and alumina, and again heated with 


nitre. The washings are to be exactly neutralized by nitrie acid, which 
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separates the alumina and silica on evaporation; the crystals of chromate 
are then separated from those of nitrate of potassa, and purified by reery- 
stallization. Dumas observes that the chromates might be abundantly 
obtained at a moderate price if the American chromates of iron were de- 
composed there by the nitrate of soda of Peru. 
Chromate of potassa forms yellow crystals, the primary form of which 
is a right rhombic prism. (Brooxn, Ann. of Phil., 2nd series, vi. 120.) It 
has a disagreeable metallic taste. It is extremely soluble in boiling water. 
At 60°, 100 parts of water dissolve about 48 of the salt. It is insoluble 
in alcohol. Its specific gravity is 2°6. It is anhydrous, and its colour- 
ing power is so great, that 1 part gives colour to 40,000 of water. 
(Tnomson.) If 1 grain be dissolved with 20 of nitre, and the solution 
evaporated, the crystals of nitre are almost as yellow as those of the 
chromate. When heated to redness it acquires a crimson colour, but 
becomes again yellow on cooling. When fused, it becomes green from 
loss of oxygen. (Ann. of Phil., xvi. 321.) Heated with acetic acid and 
alcohol it is converted into acetate of potassa, and acetate of protoxide of 
chromium. (Tassarrt, Ann. de Ch. et Ph., xxii. 51.) As it oceurs in 
commerce it is sometimes blended with sulphate of potassa, and as these 
_ salts are isomorphous they are with difficulty separable. It consists of ~ 


Tassaert. 
Thomson. 
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Chromate of potassa 100 100 


| Brcnromare or Porassa (2 Chy/+P) is obtained by adding a suf- 
ficiency of sulphuric or other acid to a solution of the chromate to give it 
a sour taste, and setting it aside for a day or two, when deep orange- 
coloured or red crystals are deposited; the acid abstracts half the potassa, 
and if sulphuric acid be used, there is some difficulty in separating the 
sulphate from the chromate; nitric acid is preferable, but the purest salt 
is obtained when acetic acid is used. The crystals are in the form of 
anhydrous quadrangular prisms and tables, permanent in the air, of a 
cooling metallic taste, soluble in 10 parts of water at 60°, and much more 
soluble in boiling water. Their specific gravity is 1:98. Ata red heat, 
they fuse, without decomposition, into a transparent red liquid. Ata 
white heat, half the acid of the salt is decomposed, forming a mixture of 
oxide of chromium and neutral chromate of potassa. This salt is largely 
manufactured at Glasgow, for the use of calico-printers. It consists of 
Grouvelle: Thomson. Tassaert. 


Potassa ... . . 1.) 48. BIG. 81154. 31879) 386 
Chromicacid 1. . 2 . 104 . 684 . 68846 . 68421 . 67°4 
1 
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Bichromate of potassa 152 100°0 100°000 = =©100°000 =: 1000 


BicnroMATE or CuLorIpE oF Porasstum.— When 2 atoms of chromic 
acid and 1 of chloride of potassium are dissolved in hydrochloric acid, ery- 
stals may be obtained from the solution, which are in the form of flat 
quadrangular prisms, having the colour of the bichromate of potassa. The 
same salt is formed when a mixed solution of bichromate of potassa and 
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hydrochloric acid is boiled; in that case, the requisite chloride of potassium 
is formed at the expense of the hydrochloric acid and potassa. This salt 
is permanent in the air, and may be dissolved without decomposition in 
dilute hydrochloric acid; but, by pure water it is again resolyed into 
hydrochloric acid and bichromate of potassa. In this compound, there- 
fore, the chloride of potassium acts as a base to the chromic acid. Peligot 
has obtained similar bichromates of the chlorides of sodium, calcium, 
magnesium, and ammonium. (Ann. de Ch. et Ph., uii. 267.) The chloro- 
bichromate of potassium consists of 


Peligot. 
Chromicactd Ad ayeec cae wae (he 2 sae aes OR Be oe O70 Bee es 58°21 
Chloride of potassium 1 76.08 MAD Die cee wag 
Chromochloride of potassium 1 180 100°0 99°50 


Curomate or Supa (Chr’+8) erystallizes in oblique rhombic prisms, 
efflorescent in dry air (Brooke, Ann. of Phil., 2nd series, vi. 287), and of 
a fine yellow colour, very soluble in water, and sparingly so in alcohol: 
they consist of 1 atom of anhydrous chromate +12 atoms of water. The 
bichromate of soda is red, and forms large irregular plates, consisting of 1 
atom of anhydrous bichromate +20 atoms of water. (THoMson.) 


Curomare or Lrruta (Chr/ +L) forms yellow oblique prisms very 
soluble in water. (C. GMELIN.) 


CuroMaTE oF Lime. (chr! +0€.)—When chromate of potassa is 
mixed with solution of chloride of calcium, a yellow precipitate gradually 
falls: the salt described by Vauquelin as forming silky crystals, is proba- 
bly a bichromate of lime. 


Curomate or Baryra (Chy’+B) is a pale yellow powder which 


falls when chromate of potassa is dropped into chloride of barium: it is- 


yery sparingly soluble in water, but soluble in nitric and hydrochloric 
acids, and in excess of chromic acid, and again precipitable by ammonia. 
(Gmeuin.) It consists of 
Vauquelin. Berzelius. 
Baryta e ° e ° « ] e e 7 . ° 59°7 ° e 57°75 e e 59°83 
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Chromate of baryta 129 1000  ~—- 100-00 10000 


CHROMATE OF STRONTIA. (chr’ +Srr.)—An insoluble pale-yellow ; 


powder: it dissolves in nitric, hydrochloric, and chromic acids. (GMELIN ) 


Curomatr or Macenesta (CAy/4+M) may ‘be formed by dissolving 
magnesia in chromic acid; it forms transparent rhomboidal crystals, very 
soluble in water, and containing 1 atom of anhydrous chromate +2 atoms 
of water. (‘THomson.) : 


Crromate oF Mancanese.—Neither chromate nor bichromate of 
potassa produce any immediate precipitate in solutions of the protoxide of 
manganese, but after a time a brown precipitate falls: the chromic acid 
appears to be partially deoxidized by the oxide of manganese. Carbonate 
of manganese is soluble in chromic acid; the solution is brown and has 
an austere metallic taste; it is uncrystallizable, and decomposed by eva- 
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poration, a black powder being deposited, which is a chromite of sesqui- 
oxide of manganese. (Dumas.) | 


Curomatz or Iron.—No combination of the protoxide of iron with 


_. chromic acid can exist, because it abstracts oxygen from that acid, and 


produces oxide of chromium. The chromate of the peroxide of iron (per- 
chromate) is soluble: and there is a brown insoluble subchromate. The 
compound called native chromate of iron, is a compound of oxide of 
chrome with protoxide of iron: its specific gravity is 4-6. It sometimes 
forms octoédral crystals: it is not soluble in the dilute acids, but may be 
decomposed by fusion with potassa, or with nitre, as above stated. 


CuromaTe or Zinc.—Chromate of potassa throws down a yellow 
flocculent precipitate in solution of sulphate of zinc, soluble in excess of 
the latter salt, and sparingly soluble in water. According to Thomson, 
this is a dichromate; there is also formed at the same time a double sul- 
phate of potassa and zinc. (Inorg. Chem., ii. 617.) 


Curomare or Try.—Protoxide of tin decomposes chromic acid. Per- 
chromate of tin is thrown down as a yellow precipitate when perchloride 
of tin is mixed with chromate of potassa. 


CuromaTE or Capmium may be obtained by mixing solutions of sul- 
phate of cadmium and chromate of potassa; it falls in the state of a 
beautiful yellow powder which has little or no taste, and yet is not abso- 
lutely insoluble in water: it consists of 1 atom of chromic acid+1 of 
oxide of cadmium +5 of water. (Tuomson.) The temperature at which 


this hydrated salt was dried is not stated. 
e f ? e e e e 
Caromate or Copatris a gray or brownish insoluble powder, precipi- 


tated on mixing solutions of chromate of potassa and nitrate of cobalt. 


Curomate or Nicken is a red deliquescent salt; the alkalis throw 
down from it a subchromate of an orange colour. (Berzenius.) When 
solutions of chromate of potassa and sulphate of nickel are mixed together, 
no precipitate appears at first, but a reddish brown powder gradually falls, 
the quantity of which is increased by concentrating the liquid; when 
washed and dried, it is a rather beautiful reddish brown powder, destitute 
of taste, and not affecting vegetable blues: its constituents are 1 atom of 
chromic acid + 1 of protoxide of nickel +4 of water. (THomson.) 


CuRromate or Copper.—When solutions of chromate of potassa and 
sulphate or chloride of copper are mixed, a buff- coloured precipitate falls: 
it is soluble in ammonia, with a fine green colour. It hasa slightly 

Sweet taste, and is sparingly soluble in water; it consists, according to 
Thomson, of 1 atom of chromic acid+ 1 of oxide of copper+2 of water. 


Caromate or Leap, (cCAr/4+Px.)—When chromate of potassa is 
added to any of the soluble salts of lead, a fine yellow powder falls, which 
is the neutral chromate; it is insoluble in water, but soluble in nitric acid, 

and in solution of potassa: solution of carbonate of potassa forms with 
it carbonate of lead and chromate of potassa: hydrochloric acid forms with 
it chloride of lead, and a hydrochloric solution of chromic acid: when 
heated its colour is deepened, and it fuses at a red heat. (Vauqurnin.) 
3 P 
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If the heat be continued, it is converted into oxide of lead and oxide 
of chrome (chromite of lead?). It is decomposed by sulphuric acid, 
and chromic acid is set free; if the acid be concentrated, sulphate of 
chromium is formed. Sulphate of lime and sulphate of lead are common 
contaminations of the chromate of lead of commerce. A diluted solution 
of nitrate of lead being added to a very alkaline solution of chromate of 
potassa, and left at rest for some time, there was found in the mixed 
solution, small red crystals, which, upon examination, proved to resemble 
in all their characters the native chromate of lead. (FARADAY.) 

Native Chromate of Lead is of a deep orange-red colour: when pul- 
verized, orange-yellow. It occurs crystallized in many varieties of form, 
of which. the primitive is, according to Hatiy, an oblique prism: it is 
somewhat translucent and brittle. Specific gravity 6. Before the blow- 
pipe it crackles, and melts intoa grayish slag. It occurs in the gold mine 
of Beresof, in Siberia, in a vein traversing gneiss and mica slate; and near — 
the same place in fissures in a sandstone. (W. Paiiirs.) Chromate of 
lead is anhydrous, and consists of 


Pfaff. Berzelius. 
Native. Native. Artificial. 
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Chromic acid . 
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Chromate oflead 1 _ 164 100°00 99°63 10000 100:000 


DicuroMATE oF Leap. SuscsrRomate oF Leap. (chr! +2 Pu.) —This 
salt was first noticed by Dulong and Grouvelle, in 1812 and 1822, and 
its composition pointed out by Badams in 1825 (Ann. of Phil., 2nd series, 
ix. 303). It is formed by digesting the neutral chromate in caustice 
potassa; or by boiling a mixture of the neutral chromate with two-thirds 
its weight of oxide of lead, in water: it is an insoluble scarlet-coloured 
powder, which, when digested in acetic acid, loses half its oxide. Liebig 
and Wéhler prepare it by adding the neutral chromate to fuse nitre, and 
washing the residue. (PoGeGEnD., xxi. 580.) It is anhydrous, and con- 


sists of 
Badams. 
Oxide of lead’... @ ws, Bae. BG ee 
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Dichromate of lead 1 276 100°00 100-00 


These chromates of lead are valuable pigments, and used both in oil ~ 
and water colours, in calico printing, and dyeing. (Lassa1anz, Ann. de Ch, 
et Ph., xv. 76.) 

The mineral called Vauquelinite is a double chromate of lead and 
copper, having, according to Berzelius, the formula () Pu+ Cu+3chr9. 


CuROMATE oF ANTIMoNY.—Chromate of potassa added to a hydro-— 
chloric solution of oxide of antimony forms a brown precipitate, soluble 
with a green colour in excess of the antimonial solution. 


CuromatE or Bismutu is formed by mixing chromate of potassa with 
nitrate of bismuth; it is a lemon-coloured powder, very sparingly soluble 
in water, and reddened by solution of potassa. (GROUVELLE.) 
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CuroMAte or Uranium.—Chromate of potassa occasions an ochre- 
yellow precipitate in solution of nitrate of uranium. (Mosrr.) Carbonate 
of uranium dissolved by chromic acid yields small cubic and dendritic 
crystals. (JoHN.) 


Curomate or Motyspenum.—When chromic and molybdic acids are 
dissolved in boiling-water, they form a yellow solution, which yields on 
evaporation an uncrystallizable residue, with which water forms a brown 
solution, and leayes a yellow and difficultly-soluble powder. (BERZELIWS.) 


CHROMATE OF CuRomiuM.—When hydrated oxide or carbonate of 
chromium are digested in chromic acid, a solution is obtained of a brown 
colour, which is not decomposed by boiling, and which leaves on evapo- 
ration a deliquescent resin-like residue, soluble without decomposition in 
cold alcohol, and not precipitated by carbonic acid; it consists of 4 atoms 
of chromic acid+1 of protoxide of chromium. (Mavss.) 


CHLORIDE ofr CHRoMIUM. SESQUICHLORIDE OF CHROMIUM. (chr + 1 C.) 
—This compound is obtained by red-heating a mixture of dry prot- 
oxide of chromium and charcoal in a current of dry chlorine; a pink 
crystalline sublimate gradually rises, soft to the touch, and transparent 
when in thin layers. It slowly dissolves in water, and yields a green 
solution similar to that obtained by dissolving the hydrated protoxide of 
chrome in hydrochloric acid; or by decomposing chromate of lead by 
hydrochloric acid mixed with a little alcohol. When this aqueous solu- 
tion of the chloride is evaporated, a dark-green hydrated chloride remains 
(composed of 2 atoms of sesquichloride and 3 of water), and when this is 
heated to about 500° out of the contact of air, it again becomes anhydrous 
and may be sublimed and condensed into a pale pink sublimate: heated 
in the air, it is partially decomposed in this state; it consists of 

CHMOBUDWE 2) Foca: cstiewr eo dy, pales, LG ue, inant h 
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Sesquichloride of chromium _1 82 100°0 


PERCHLORIDE or Curomium. TERCHLORIDE oF Curomium. (CAr +s C.) 
—This compound may be obtained by distilling a mixture of chromate of 
lead, chloride of sodium, and concentrated sulphuric acid, and conducting 
the evolved vapour, which is a mixture of chlorine, hydrochloric acid, and 
terchloride of chromium, through a tube cooled to 0°, by which the latter 
is condensed into a dark-red liquid, heavier than water, very volatile, and 
exhaling fumes in the air, of the colour of nitrous acid. It acts violently 
on water, and produces a hydrochloric solution of chromic acid: it 
absorbs chlorine and dissolves iodine. A small fragment of phosphorus 

brought into contact with a drop of this compound, inflames and explodes; 
it is also rapidly decomposed by sulphur and by mercury: it decomposes 
ammonia With inflammation. (Dumas and Brrzetivs.) It consists of 


Chromium: .- ee Le, BE OG 
Chlorine e c ° . ° o 3 ry > 108 e a: 719 4 
Perchloride of chromium 1 136 100-0 


-OXICHLORIDE oF CyRomIvuM, or a bichromate of perchloride of chro- 
mium, composed of 2 chr! + (chr +3C) or of (3 chr +60+3€), hag been 
3P2 
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described. by H. Rose. (See also a paper on this subject in the Ann. de 
Ch. et Ph., uxvi. 387, by M. Pa. Waurer.) 


Iop1ipE oF Caromium has not been examined. 


Bromipe or Caromium.—The solution of this salt is green when 
dilute, brown when concentrated; it has a sweet astringent taste, and 
yields a difficultly crystallizable and deliquescent residue when evaporated. 


Fivuorwe or Curomium.—When protoxide of chromium is dissolved 
in hydrofluoric acid, and evaporated to dryness, a green crystallized salt 
remains, soluble in water. It forms difficultly-soluble double salts with 
the fluorides of ammonium, potassium, and sodium. 


PERFLUORIDE OF CHROMIUM. TERFLUORIDE OF CHROMIUM. (chr peee A .) 
—This compound was discovered by Unverdorben in 1824. (TRomMsporr'’s 
Journal der Pharmacie, ix., and Edin. Journal of Science, iv.) He 
obtained it by the process above described, under the head of chromic 
acid, and it is the red vapour there mentioned (p. 909). In consequence 
of its powerful action on glass, the gas can only be collected and preserved 
in vessels of platinum, so that its properties have been but imperfectly 
studied: it explodes when mixed with ammonia, and it seems doubtful 
whether it forms compounds with that gas, analogous to the fluoboric and 
fluosilicie acids. The action of water on this compound has been above 
adverted to: it appears to be composed of 
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Terfluoride of chromium 1 82 100:0 


Eence, when decomposed by the action of water, 1 atom of this 


fluoride is resolved into 1 atom of chromic acid (chr +30), and 3 atoms, 


of hydrofluoric acid (3 lowe wi »s 


Nirrate ofr Curomium. — When hydrated protoxide of chromium 
is dissolved in nitric acid, the solution is blue by reflected, but red by 
transmitted light: evaporated to dryness, a red deliquescent uncrystalliza- 
ble salt (deutonitrate of chromium) remains. A solution of chromic acid 


t 


in nitric acid yields on evaporation dark brownish-red granular crystals. | 


SutpHurET oF Caromium is formed by passing the vapour of sul- 
phuret of carbon through a red-hot porcelain tube, containing protoxide 
of chromium; or by heating a mixture of hydrated protoxide and sulphur, 
in vacuo: it is of a dark-gray colour, and when heated in the air it burns 
into oxide, evolving sulphurous acid: nitrohydrochloric acid converts it 
into a sulphate of the protochloride of chromium. It is insoluble in 
potassa and in sulphuret of potassium. This sulphuret is a weak sulphur 


base, and forms a few sulphur salts. It consists of Rose and 
Berzelius 
Chromium - 1 28 .. 5385 . . 54 
Sulphur 13 24-1, ts (4040 els ae meee 
Sulphuret of chromium 1 52 100-00 100 


Sutpuire or Curomium.—Sulphurous acid readily dissolyes the hy- 
drated protoxide. 


be 
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SULPHATE oF CHromium.—When hydrated protoxide of chromium 
is dissolved in dilute sulphuric acid a green solution is obtained, and on 
evaporation an insoluble subsalé remains. 


AMMONIA-sULPHATE oF Curomium.—This salt forms purple octoédral 
erystals. (Harpinarr, Edin. Jour. of Science, i. 100.) 


PoTASSA-SULPHATE oF CHRoMIUMA—When a mixed solution of acid 
protosulphate of chromium, and sulphate of potassa, is left to spontaneous 
evaporation, regular o¢toédral crystals, appearing purple in one direction, 
and green in another, are deposited. When this salt is dissolved in water, 
and the solution evaporated, it can only be again obtained in regular 
crystals, when excess of sulphuric acid is present, by which the solubility 
of the salt is diminished. This salt, Berzelius observes, may be called 
chrome alum, and if aluminum were substituted for chromium, common 
alum would be the result; so that there are not less than four isomor- 
phous oxides which give aluminoid salts with potassa and sulphuric acid, 
namely, those of aluminum, manganese, iron, and chromium. It consists of 


Berzelius. 
Potassa . ee se! pus, Ce ats Ae a ak 9°38 
Protoxide of chromium 2 BOT) 26S B70 1A BG 
UME AGG ws kh pe Anas EGO 2 31°7iw «2380 
Water eee he 24 216. . 4286 . . 42°92 
Potassiosulphate of chromium 1? 504 -100°00 100-00 


CHRoMosvLPHATE oF PorassA.—When solutions of chromate and of 
sulphate of potassa are mixed and evaporated, a double salt is obtained, 
containing 43°3 of chromate and 56°7 of sulphate of potassa’; it forms 
pale yellow prismatic crystals, and yields a precipitate with nitrate of 
_baryta, which is only partially soluble in nitric acid. It has occasionally 
been substituted for chromate of potassa. It has a bitterish taste and is 
readily soluble in cold and hot water. (Bourron—Cuar.arp, Journal de 
Pharm., ix. 184.) 


PuospHurET or Curomtum.—When phosphate of chromium is in- 
tensely heated with charcoal a gray phosphuret is obtained. When phos- 
_phuretted hydrogen gas is passed over sesquichloride of chromium at a _ 
red heat, a black phosphuret is the result, which burns before the blow- 
pipe, and is insoluble in hydrochloric acid. (Rosr.) 


PHospuaTE or Curomium.—When phosphate of potassa is added to 
a solution of protochloride of chromium a gray precipitate falls. The 
solution of hydrated protoxide of chromium in phosphoric acid is emerald 
green and uncrystallizable. (VavquxEtin.) 


CarBoNATE oF CuRromivuM.—The gray-green precipitate which the 
carbonated alkalis produce in solutions of the protosalts of chromium, is 
not a true carbonate, but a compound of subcarbonate and hydrate of . 

- protoxide of chromium. (Berzeuius.) It? dissolves, according to Meiss- 
ner, in solution of carbonate of potassa, forming a grass-green liquid. It 
is sparingly soluble in carbonate of ammonia. 


ARSENIATE oF Curomium.—When mixed solutions of arsenjate of | 
soda and protochloride of chromium are evaporated to dryness, and the 
residue digested in water, an insoluble green powder remains, composed 
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(Titomson) of 1 atom of arsenic acid+1 of protoxide of chromium. — 
When hydrated oxide of chromium is digested in an aqueous solution of 
arsenic acid, a dark-green liquid is formed which leaves a green insoluble 
residue on evaporation: when heated red-hot it becomes rose-red, but 
buff coloured on cooling: according to Thomson, it is a binarseniate of 
chromium. 

MotyspatTe oF Curomium.—A green precipitate falls when solutions 
of chloride of chromium and molybdate of potassa are mixed. 


Attoys oF Curomium.—Nothing is known of the alloys of chromium 
with the light metals: nor with manganese. With iron, it apparently unites 
in all proportions: this alloy is obtained by strongly heating mixtures of 
the oxides of chromium and of iron in a covered charcoal crucible. An 
alloy of 4 atoms of chromium with 1 of iron is crystalline and whiter than 
platinum, very hard and brittle. Steel containing from 1 to 2 per cent. of 
chromium answers well for cutting instruments. (Buertuier, Ann. des 
Mines, vi. 579.) The other alloys of chromium have not been examined. 


GENERAL CHARACTERS OF CoromiuM.—The peculiar, characters of the 
combinations of chromium, of the salts of the protoxide, and of the 
chromic acid, will be sufficiently evident from their preceding enumera- 
tion. Before the blowpipe, the oxide of chromium exhibits the following 
properties: it is fusible with microcosmic salt in the interior flame intoa 
glass, which at the instant of its removal from the flame is of a yiolet hue, 
approaching more or less to dark blue or red, according to the proportion 
of the chromium. After cooling, the glass is bluish-green, but less blue 
than copper glass. In the exterior flame the colour becomes brighter, 
and less blue than the former, With borax it forms a bright-yellowish 
or yellow-red glass in the exterior flame; and in the interior flame this’ 
becomes darker and greener, or bluish-green, 


§ XXVII. VANADIUM, 


Tais metal was discovered by Seftstrém in the year 1830; its name is 
derived from Vanadis, a Scandinavian deity; he found it in the ores of 
iron from Taberg in Sweden, and in the slags from the reducing furnaces. 
The same metal was shortly after found by Mr. Johnston of Durham, in 
a lead ore from Wanlock-head; and by Del Rio, in a lead ore from Zema- 
pan in Mexico: the latter terms it Erythronium, from the red colour of - 
its acid. Thus have three persons noticed the existence of vanadium 
without the knowledge of each other’s labours, but the merit of being its 
discoverer is due to Seftstrom: (Phil. Mag. and Ann., x. 321; Ann. de 
Ch. et Ph., xtvii.377; Brewster's Journal, v.318, N. 8.; Poagenporrr’s 
Ann., xxii. 1.) . 

Vanadium is most readily obtained from the native vanadiate of lead, 
by the following process of Mr. Johnston: the ore is dissolved -in nitric 
acid, and a current of sulphuretted hydrogen passed through the solution, 
by which lead and arsenic are precipitated, and a blue solution is obtained, _ 
which is evaporated to dryness; the residue is dissolved in ammonia, and 
‘a piece of sal-ammoniac larger than it can dissolve is introduced into the 
solution; venadiate of ammonia then subsides in the form of a white 
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powder, which should be washed, first with a solution of sal-ammoniae 
(in which it is insoluble), and then with alcohol of the specific gravity 
0°86. This salt may be decomposed by heating and stirring it in a 
platinum crucible till it acquires a red colour; it is then vanadic acid. 
Berzelius succeeded in reducing this acid by the action of potassium, 
which at a moderate heat suddenly decomposes it, and on washing the 
residue, vanadium remains in a pulverulent form. Vanadium may also 
he. obtained by decomposing the liquid chloride of vanadium by a 
current of dry ammonia, and heating the white saline mass which is so 
produced. 

Vanadium has somewhat of a silvery lustre, is extremely brittle, con- 
ducts electricity, and is not acted upon by air or water at common tem- 
peratures; at a dull red-heat it takes fire and burns into a black oxide; 
it is not acted upon by sulphuric, hydrochloric, or hydrofluoric acids, 
but nitric and nitrohydrochloric acids yield dark blue solutions; it is not 
acted on by boiling caustic potassa, nor by the alkaline carbonates at a 
red heat: its equivalent is 68. (68:5 Turner, 68°66 Granam.) 


VANADIUM AND Oxycren.—There are three compounds of this metal 
with oxygen: two oxides, and an acid. 


Proroxipe of VaNnapiumM. (U@+0.)— When a stream of dry 
hydrogen gas is passed over heated vanadic acid, water is formed, in 
consequence of the partial reduction of the acid, and a black substance 
remains, which is extremely infusible, conducts electricity, is strongly 
electronegative in relation to zinc, and which, when heated in the air, is 
- converted by slow combustion into the deutoxide. It is not salifiable. 
_ From these characters, this substance, if not vanadium, would appear to 

be a mixture of the metal with a portion of the oxide: according to Ber- 
zelius it is a compound of 68 vanadium + 8 oxygen, and therefore a prot- 
oxide. Jixposed to air and moisture it slowly absorbs oxygen, and when 
kept in water gradually communicates to it a green tint: the same change 
occurs in alkaline and acid solutions, and with the exception of nitric 
and nitrohydrochloric acids, it is not dissolved by them. ; 


DevroxipE or VANADIUM. (U@+20.)—When 10 parts of protoxide 
and 12 of vanadic acid are intimately mixed and heated in an exhausted 
vessel, or in one filled with carbonic acid, a black compound is obtained, 
which is insoluble in water, and which consists of 68 vanadium + 16 
oxygen. This is the only salifiable oxide: it may be obtained in the state 
of hydrate, by precipitation from its acid solutions by carbonate of soda, 
and if carefully dried out of the contact of air is of a gray colour, and 
gives out its water when heated. In this hydrated state it yields blue 
solutions with the acids: it also dissolves in caustic potassa nae i in am- 
monia, forming brown liquids. 


Vanapic Acip. (U@+30.)—When vanadiate of ammonia is mode- 
rately heated and stirred in an open vessel, it gradually acquires a red 
colour, and leaves vanadic acid: heated in a close vessel, the hydrogen of 
the ammonia deoxidizes the acid, and the deutoxide is the product; 
vanadic acid, when fused, is red, but when in powder, brown. it fuses 
at a heat below redness, and in-the act of crystallizing, as it cools, it 


‘ 
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contracts in bulk, and gives out so much latent heat as to become 
incandescent. It undergoes no change by heat, provided all deoxidizing 
agents are excluded; when any combustible matter is present, it passes 
into the state of oxide: it is tasteless, insoluble in alcohol, and nearly so 
in water. The equivalent of vanadic acid is 92. It consists of 


Vanadium .. 1. . 68 ... 74 
Oxygen «6105. B gee 24). o. 26 


——_{> 


Vanadic acid 1 92 100 


VaANADIATES.—The compounds of vanadic acid with salifiable bases 
are generally orange-coloured or yellow, but they sometimes are produced 
colourless, without any apparent change of composition: it forms neutral 
and bi-salts, those with the alkalis being soluble, and with the other 
oxides, either sparingly soluble or insoluble. The soluble salts are easily 
deoxidized, by alcohol, sulphuretted hydrogen, sulphurous acid, and 
several of the hydracids. Vanadic acid dissolves and forms variously 
coloured compounds with the deutoxide of vanadium: these compounds 
are formed when the deutoxide in water is exposed to air; it gradually 
forms vanadic acid, and the solution becomes blue, green, yellow, and 


red, according to the extent of acidification. It also combines with some - 


of ‘hie other acids, as is the case with the chromic acid. 

The colour of vanadic acid distinguishes it from others, with the 
exception of the chromic, with which it was at first confounded ; but the 
blue colours, as opposed to the green of chromic acid, produced by 
deoxidizing substances, is a distinctive character. When heated with 
borax before the blowpipe it produces, like chromic acid, a green bead in 
the reducing flame; but in the exterior flame, the green remains if from 
chrome, but becomes yellow if from vanadium. 


SALts oF VANADIUM.—The salts of the deutoxide of this metal are. 


best obtained by the action of the respective acids upon the hydrated 
deutoxide: they are blue, and afford a gray precipitate with the alkalis, 
which when exposed to air becomes red: infusion of galls blackens them. 
The nitrate of vanadium, which is at first blue, becomes red during eva- 
poration, from the formation of vanadic acid. 


CHLORIDES oF VANADIUM.— When deutoxide of vanadium is digested 
in hydrochloric acid, a brown compound is obtained, which appears to be 


a bichloride (VA+2C). When dry chlorine is passed over a red-heated 


mixture of protoxide of vanadium and charcoal, in a glass or porcelain 
tube, a yellow liquid is obtained, which when acted upon by water yields 
hydrochloric: and vanadic acids; it is therefore a terchloride (VQ+3C). 
By the action of hydriodic, hydrobromic, hydrofluoric, and hydrocyanic 
acids upon the oxide, an iodide, bromide, fluoride, and cyanuret of vana- 
dium may be obtained. 


SuLPHURETS oF VANADIUM.—By passing a current of sulphuretted 


2 
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hydrogen over the deutoxide heated to redness, a bisulphuret of vanadium _ 


is ultimately obtained. The same compound is formed when sulphate of 
ammonia is mixed with a solution of a salt of vanadium, till the precipi- 
tate first formed is redissolved, and then, decomposing the deep purple 
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solution by sulphuric or hydrochloric acid: a brown bisulphuret subsides, 
_ which becomes black when it is dried. In the hydrated state it is dis- 
solved by the alkalis and alkaline sulphurets, but is insoluble in the acids, 
with the exception of the nitric and nitrohydrochloric, by which it is 
converted into sulphate. When sulphuretted hydrogen is passed through 
vanadic acid in water, a mixture of hydrated deutoxide and sulphur is 
precipitated; but when a solution of vanadic acid in hydrosulphuret of 
ammonia is acidulated by hydrochloric or sulphuric acid, a hydrated 
lersulphuret subsides; its colour is at first light brown, but it becomes 
almost black by drying, and when heated to redness in close vessels, it 
gives off water and sulphur, and is resolved into the bisulphuret. It 
dissolves in alkalis and in alkaline sulphurets. 


PHosPHURET oF Vanaprum—When phosphate of vanadium mixed 
with a little sugar is exposed to a white heat, a gray phosphuret is 
obtained, (Turnur’s Elements, 577, et seq.) 


§ XXVIII. TUNGSTEN. 


Tus metal, which has also been called Scheelium and Wolframium, 
was first obtained by Messrs. de Luyart, from the tungstic acid previously 
discovered by Scheele, in 1781. Its native sources are wolfram, which 
is a tungstate of iron and manganese; and the tungstate of lime. It is 
obtained by exposing a mixture of tungstic acid and charcoal to a red 
heat, or by passing hydrogen over the ignited acid. It is very difficult 
of fusion, very hard, brittle, and of an iron colour. Its specific gravity 
17-4. Its approximate specific heat is 0°03636. (REGNAUvLT.) By the 
action of heat and air, tungsten is converted into an oxide, which is of a 
_ yellow colour. It is also oxidized by nitric acid. It is gradually dis- 
solved by solution of potassa, with the evolution of hydrogen, and a 
tungstate of potassa is produced. <A piece of zinc immersed in a solution 
of tungstate of ammonia throws down metallic tungsten in the form of a 
brown powder. (Dumas.) The equivalent of tungsten may be assumed 
_ at about 100. (94:8 Granam, 96 Gmexin, 99-7 TURNER. ) 


OxipE or Tunesren. Dervroxwe or Tunesten (fU+20) may be 
obtained by mixing finely-powdered wolfram with twice its weight of 
carbonate of potassa, and fusing it in a platinum crucible. Tungstate of 


potassa is thus formed, which is dissolved in hot water, with. half its . 
weight of sal-ammoniac, evaporated to dryness, and heated red-hot in a 


Hessian crucible. The mass is then well washed in boiling water, and 
digested in weak solution of potassa. The residue is oxide of tungsten. 
In this process the tungstate of potassa and sal-ammoniac form chloride 
of potassium and tungstate of ammonia; but at a red heat the ammonia 
decomposes the tungstic acid, and reduces it to the state of oxide, which 
is prevented by the fused chloride of potassium from passing into the 
state of acid. (Wouter, Quarterly Journal, xx. 177.) Thus prepared, 
the oxide is black, and when heated to redness, it suddenly ignites, and 
becomes converted into tungstic acid by the absorption of oxygen. It 
does not appear capable of entering into combination with the acids so as 
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to form salts. When a current of hydrogen gas is carefully passed over 
heated tungstic acid, it is partially deoxidized and converted into a 
chocolate-coloured oxide, which neither combines with acids nor with 
bases, and which is identical in composition with the above. (Ann. de 
Ch. et Ph., xvii. 16.) If the action of hydrogen be too long continued, 
the oxide itself is reduced. This oxide consists of 
Berzelius. 
Tungsten Be po ROO i yet CUZ 5 fl REDS 
Oxygen cy ak ast WO asa Vie AE cepa lee ce ie ee 
1 


Oxide of tungsten 116 100:00 100°00 


Wohler has described an interesting combination of this oxide with 
soda, which is obtained by adding as much tungstic acid to fused 
tungstate of soda as it will dissolve, and then passing hydrogen over the 
compound at a red heat: on washing out the undecomposed tungstate 
with water, a golden-coloured substance remains, in small cubes and 
scales of a beautiful golden metallic lustre, and insoluble in caustic alka- 
lis and in nitric, sulphuric, and nitrohydrochloric acids, but soluble in 
hydrofluoric acid. Ata red heat, oxygen, chlorine, and sulphur, decom- 
pose it. It cannot be obtained by the direct combination of soda with 


the oxide. (Poaaenp., ii. 345.) It consists of 
Wohler. 
Soda haw gariiod Week Paes see lal atone 
Oxide of tungsten 2 . , 232 . + 88 . . 876 


1 264 100 160°0 


Tunestic Actp (+30) or tU’, is obtained when the oxide is heated 
red-hot, and stirred in an open vessel. When finely-powdered native 
tungstate of lime is boiled for some hours in nitric acid, tungstic acid is 


separated, in the form of a yellow powder, which may be freed from 


adhering nitric acid, by dissolving it in ammonia, and heating the 
tungstate of ammonia to redness. Tungstate of potassa, prepared by 
heating wolfram with carbonate of potassa, as above described, may also 
be decomposed by nitric acid, and the precipitate treated with ammonia 
as before. Tungstate of lime may also be decomposed by digestion in 
hydrochloric acid; chloride of calcium and tungstic acid are the results. 
In all cases where tungstic acid has been in contact with an acid, or 
where it is precipitated from its alkaline solutions by acids, the precipi- 
tate which falls retains traces of the foreign acid: hence the advantage 
of forming a tungstate of ammonia and decomposing it by heat only. 
Tungstic acid is a yellowish powder, which appears green whilst hot, 
and also acquires a greenish colour by long exposure to the sun’s rays. 
Its specific gravity is 6:12. It is insoluble in water, but readily soluble 


in the caustic alkalis, when in its hydrated state; after it has been heated © 
it is very difficultly acted upon by solvents, but its compounds may be 


obtained by fusion at a red heat. When precipitated by the acids from 


ai 


its ammoniacal solution, a portion of the precipitant is carried down with 


it, and in this way compounds of sulphuric, nitric, and hydrochloric acids, 
with tungstic acid, may be produced, which are more or less soluble in 
water, 

| When tungstic acid is exposed to a heat of about 600° in a current of 
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hydrogen, it becomes blue; a similar product is obtained when metallic 
zinc is put into a mixture of hydrochloric and tungstie acids; or when 
tungstate of ammonia is decomposed by distillation in a retort. This 
has sometimes been regarded as a distinct oxide (2 +50), (Maracvutt, 
Ann. de Ch. et Ph., ux. 271;) but according to Berzelius, it is a tungstate 


of the oxide, or a compound of the acid and oxide. Tungstic acid con- 
sists of 


De Luyart. Bucholz. Berzelius. 
mimesen 1 .:". 100... 806).2.. 8064 °°. 80 S. 79°766 
Quygen sf . SO 84 oa ge. a0.  B0-n84 
Tungstic acid 1 124 100-0 100-00 100 100°000 


GENERAL Properties of Tu TunestaTes.—The alkaline and earthy 
tungstates are colourless: they are heavy; and those which are soluble 
have a bitter metallic taste; hydrochloric, nitric, and sulphuric acids 
occasion in them white precipitates; phosphoric acid forms with them 
soluble triple compounds. When their acid solutions are acted upon by 
zine, they acquire the blue colour above adverted to. The tungstates 
which are not decomposed by heat are fusible. 


Tounastate or Ammonia is procured in crystalline scales, sparingly 
soluble in water, of a metallic taste, by digesting the acid in ammonia. 
Tt contains, according to Berzelius, 

Berzelius. 
Ammonia eM Us eG RP als ot Gre Sis eee 
(kusesticpcid . 5... Qee . BB sere T. 87°000 
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) Tungstate of ammonia ~ 283  100°0 100-000 
Tonestate or Porassa is uncrystallizable (or very difficultly ery- 
stallizable) and deliquescent; it has a styptic and acrid taste. ‘The acids 
occasion precipitates in its solution, which are triple compounds of 
tungstic acid, potassa, and the acid used as a precipitant. The Nitro- 
tungstate of Potassa is the salt originally described by Scheele as tungstic 
acid. It dissolves in 20 parts of water at 212°, and reddens litmus. 
Tungstate of potassa, when neutral, is not affected at high temperatures 


by hydrogen, but the acid tungstate has its excess of acid decomposed 
and reduced. : 


Tonestate or Sopa crystallizes in hexaédral tables, soluble in 4 
parts of cold, and in 2 of boiling water, and of an acrid taste. Sulphuric, 
nitric, and hydrochloric acids occasion precipitates, as in the tungstate of 

-potassa. Bitungstate of Soda is easily crystallizable and soluble in 8 
parts of water at 60°. By hydrogen at a red heat it is reduced to neutral 
tungstate, and a compound of soda and oxide of tungsten, as above’ stated. 


TunGsTATE oF Lime, or Baryta, AND oF STRONTIA, are insoluble 
white compounds. Native Tungstate of Lime is the substance from 
which Scheele originally obtained tungstic acid; it generally accompanies 
tin ore in Bohemia, Saxony, and Cornwall: fine specimens have also been 
found in Cumberland: it is white or nearly so; its primary form. is an 
octoédron with a square base; its density about 6. It is constituted of 
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Native. 
Berzelius. 


Tungstic acid Pe ayaa 9S eS ee 0 
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Tungstate of lime 1 152 1000. 99°817 


TunestatE oF Maenesta is obtained by boiling the acid with mag- 
nesia, filtering, and evaporating; it crystallizes in pearly scales. The 
acids produce precipitates of triple compounds in its solution. 


TunestateE oF Mancanese, formed by adding tungstate of potassa to 
hydrochlorate of manganese, is an insoluble white powder. (Joun, 
Gehlen’s Journal, iv.) Tungstate of Iron is also insoluble. Tungstate of 
Zinc and of Tin have not been described, nor have any of the remaining 
tungstates been examined in their pure state. 

Native Tungstate of Iron and Manganese, or Wolfram, commonly 
accompanies tin stone, and is found in Cornwall and in many of the tin 
mines of Saxony and Bohemia: it has also been found in Siberia, and in 
the United States of America; its colour is nearly black, and it occurs 
massive and crystallized, its primary form being a right oblique-angled 
prism: its specific gravity is 7-15. A specimen analyzed by Mr. Richard- 
son, gave 73°60 tungstic acid, 11°20 protoxide of iron, 15°75 protoxide of 
manganese: these numbers are nearly the equivalents of 3 atoms of 
tungstate of iron, 4 atoms of tungstate of manganese. (THoMson, 
Mineralogy, i. 487.) 


Cuioripes or Tunesten.—When metallic tungsten is heated in 
chlorine, it burns and forms a red crystalline compound, which is fusible 


and volatile, and which, according to Wohler, becomes blue in water, | 


forming hydrochloric acid, and depositing a suboxide. It is soluble in 
caustic potassa with the evolution of hydrogen, and yields tungstate of 
potassa and chloride of potassium. It consists of 


Tungeten 2 Le OO. SS as Oe 
Chiorine i.) O.0 2502 a. Seti Sakt. ay. meee 


Chloride of tungsten 1 172 100 


PERCHLORIDE oF TunosteN. (¢+3C.)—When sulphuret of tung- 
sten is heated in a current of chlorine, it burns, and forms a perchloride, 
which condenses in yellowish-white plates. This chloride, when gently 
heated, rises in the form of a dark-yellow vapour before it fuses: heated 

ona slip of platinum in the flame of a spirit-lamp, it is decomposed by 

the water of the flame, and yields hydrochloric and tungstic acids; the 
latter forms a luminous fume, and condenses in large light flocks. It 
consists of 


Malaguti. 
Tungsten . Peohhise 100. . 481 . . 47°4 
Chlorine 742-2756 46 pw8 ok OBA OS 8 A aoe 
Perchloride of tungsten 1 208 100-0 100°0 


According to H. Rose (Ann. de Ch. et Ph., uxvi. 215), the compound 
obtained by heating oxide of tungsten in chlorine, is an ovichloride of 
tungsten, or a tungstate of chloride of tungsten, composed of 2 (tU+30) 
+(tU+sC), or of . 
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o> cee F H. Rose. 
Tungsten . . . 3 300. . 658 . . 64°80 
Oxygen 6 48 105 . . 10°95 
Chlorine 3 ROR Sr. 2a gh. eee” 
Oxichloride of tungsten 1 456 100°0 100°00 


SULPHURETS oF Tunastey.—When 1 part of tungstic acid is mixed 
with 6 of cinnabar, and heated intensely for half an hour; or when the 
vapour of sulphur, or sulphuretted hydrogen, is passed over tungstic acid 
heated intensely in a porcelain tube, a black powder is obtained, which 
assumes metallic lustre by friction, and which consists, according to 
Berzelius, of 100 tungsten + 33-6 sulphur: it is therefore a bisulphuret 
(U+258). 

When tungstic acid is dissolved in hydrosulphuret of ammonia, or of 
potassium, and precipitated by an acid, a compound falls of a dirty- 
yellow colour, and somewhat soluble’ in water; it becomes darker 
coloured when dried, and when heated in close vessels, first gives off a 
little, water, and then its excess of ‘sulphur; it leaves the bisulphuret. 
This appears to be a tersulphuret (tU+38), 


Prospnuret or Tunasten may be formed, but has not been examined. 
(Berze.ivs. ) 


CHARACTERS OF THE Compounps or TunasteN.—The general pro- 
_ perties and tests of tungsten and its compounds will be evident from the 

preceding details. Before the blowpipe, tungstic acid becomes upon char- 
_ coal at first brownish-yellow, is then reduced to a brown oxide, and lastly, 
becomes black without melting or smoking. With microcosmic salt it 
forms in the interior flame a pure blue glass, without any violet tinge; in 
the exterior flame this colour disappears, and appears again in the interior. 
With borax, in the internal flame, and in small proportion, it forms a 
colourless glass, which, by increasing the proportion of acid, becomes 
dirty-gray, and then reddish. ’ By long exposure to the external flame it 
is rendered transparent, but as it cools it becomes muddy, whitish, and 
changeable into red when seen by daylight. It is not reduced. When 
wolfram is heated before the blowpipe, it first decrepitates, and, at a high 
temperature, fuses into a crystalline globule of metallic lustre; with borax 
it forms a green bead, and with biphosphate of soda it fuses into a deep 
red globule. Tungstate of lime, when heated by the blowpipe-flame, 
crackles and becomes opaque, but does not fuse; with borax, it fuses into 
a globule, 


§ XXIX. COLUMBIUM. 


Tas metal was discovered in 1801 by Mr. Hatchett, in a mineral from 
North America. It was afterwards found combined with the oxides of 
iron and manganese, and also with yttria, in the Swedish minerals called 
tantalite and yttro-tantalite. Tantalite is chiefly found in octoédral 
crystals, and in masses of a black or gray colour, in Finland. Its specific 
gravity is 7-9, and it contains, according to Ekeberg, 80 oxide of colum- 
bium, 12 oxide of iron, and 8 oxide of manganese, Yttro-tantalite is 
found at Ytterby, in Sweden, in a rock of red felspar and mica; it is 
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have been analyzed by Berzelius, with the following results:— 


Columbic acid! 


Yttria 
Lime ; 
Tungstic acid 


Peroxide of iron . 
Oxide of uranium 


There is also a mineral found near Cape Farewell, in East Greenland, 
and which has been called Fergusonite; it occurs crystallized in octoédra 
and their modifications; its density is 5°7 to 58; its colour brownish- 
black; it was first described by Haidinger (Edin. Phil. Trans., x. 274), 
and was analyzed by Hartwell; its constituents are 


Columbium was discovered in the Swedish minerals by Ekeberg, and, 
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considering it as a new metal, he called it tantalum. 


Trans.) Dr. Wollaston re-examined these, and the specimen in the 
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usually in small masses, plates, or grains; there are three varieties which 


British Museum originally analyzed by Mr. Hatchett, and demonstrated — 
the identity of columbium and tantalum. As the former name was given 


to this metal by its original discoverer, it is here retained. 


* 


Columbite and tantalite may be decomposed by the following process: 
—Mix 5 parts of the finely-powdered mineral with 25 of carbonate of 


potassa, and 10 of borax; fuse the mixture, and when cold, digest it in 
hydrochloric acid; this dissolves everything except the peroxide of 
columbium, which remains in the form of a white powder. (WoLLasTon, 
Phil. Trans., 1809, p. 248.) From 5 grains of columbite, Dr. Wollaston 


obtained 4° grains of oxide of columbium, 0°75 of oxide of iron, and 
0:25 of oxide of manganese; and from 5 grains of tandalite he procured — 
4-25 of oxide of columbium, 0°50 of oxide of iron, and 0°2 of oxide of : 


manganese. 


Berzelius obtained metallic columbium by heating potassium with the 
potasso-fluoride of columbium, and washing the reduced mass with water. 
It remains in the form of a black powder; by pressure it acquires lustre 
and the colour of iron; it burns at a red heat into a whitish oxide. 
specific gravity is about 6. It is insoluble, or nearly so, in hydrochloric, 


nitric, and nitrohydrochloric acids; but is acted on by hydrofluoric acid. 


Heated to redness, it burns into columbic acid. Mixed with nitre, and 
projected into a red-hot crucible, it detonates, and is oxidized. It forms 
alloys with other metals. (Ann. de Ch. et Ph., iii. 140.) Its equivalent 


may be assumed as 185. (184 Gueuin, 185 TurNeR.) 
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_Oxipr or Cotumptum.—When columbic acid is intensely heated for 
an hour and a half in a charcoal crucible, it is superficially reduced to a 
metallic state, but the interior portion is a dark-gray, and brown when 
pulverized; it is insoluble in the acids, but may be peroxidized by fusion 
with potassa: it burns when heated in the air: it consists of 

Berzelius. 
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Oxide of columbium 


Cotvmeic Acip. (CO! +30) or col/—The best process for obtaining 
columbic acid consists in fusing the ore of columbium with bisulphate of 
potassa, and proceeding as directed by Berzelius. (Lehrduch.) An 
easier, but less economical process, is that of Kkeberg, in which the ore 
is finely powdered, and fused with caustic potassa; a soluble columbate of 
potassa is formed, from which the columbic acid may be precipitated, as a 
white hydrate, by the acids. Dr. Wollaston’s process above given may 
also be used. The characters of columbic acid are very well marked. In 
its anhydrous state, after having been ignited, it is nearly insoluble in 
hydrochloric, nitric, and sulphuric acids; it is soluble in potassa, and car- 
bonate of potassa; 8 grains of the latter, fused with 1 of the oxide, 
render it soluble in water, It is much legs soluble in soda, and only 
retained while hot. 

The hydrated columbic acid dissolves in nitric, hydrochloric, and gul- 
phuric acids, and, according to Wollaston, in tartaric, citric, and oxalic 
acids. In this state, and whilst moist, it is abundantly soluble in solution 
of binoxalate of potassa, but scarcely at all in bitartrate of potassa. The 
oxalic solution is colourless; alkalis throw down the columbic acid; ferro- 
cyanuret of potassium produces in it a yellow precipitate; infusion of galls 
gives it an orange colour, and when added in excess produces a precipi- 
tate; the hydrosulphurets occasion a white precipitate, with the evolution 
_ of sulphuretted hydrogen, Columbic acid consists of 

Berzelius. 
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CoLuMBATE or Ammonta is produced by digesting hydrated columbic 
acid in ammonia: it is insoluble, and at a red heat yields ammonia and 
water: the ammonia escapes by long exposure to air. Carbonate of 
ammonia only takes up a trace of columbic acid. 


CoLumBaTE oF Porassa is obtained by fusing columbic acid with car- 
bonate of potassa, pulverizing the product, and digesting itin water. The 
columbate of potassa, being nearly insoluble in a solution of carbonate of 
potassa, remains, and after it has been washed with a little cold water, it 
may he dissolved in boiling water; when this solution is distilled to dry- 
ness, a saline uncrystallizable mags remains, of an unpleasant metallic 
taste: its solution is precipitated by all the acids, not excepting the 
carhonic. 
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~ CoLuMBATE oF Sopa may be obtained as the preceding: it is less solu- 
ble, and is almost entirely deposited, as a white powder, during the cool- 
ing of its boiling aqueous solution. 


CotumBATE oF Lime and or Baryta are insoluble white powders. 


FreRRO-COLUMBATE OF MANGANESE has been adverted to above as a 
natural product, under the name of colwmbite or tantalite. 

The remaining binary salts of the columbic acid with the oxides have 
not been examined. 


Curoripe or CotumpruM.—The metal burns when heated in chlorine, 
producing a yellow vapour, which condenses into a white pulverulent sub- 
stance, which, on contact of water, is converted, with rapid action and 
increase of temperature, into hydrochloric and columbic acids: this is 
therefore a terchloride (col +3C). 


Fivorive or Cotumprum.—When hydrated columbic acid is dissolved 
in hydrofluoric acid, and evaporated at a temperature of about 86°, crystals 
are obtained, which dissolve without residue in water, and which consist 
of fluoride of columbium and hydrofluoric acid. (Berzenius.) This com- 
pound combines with other fluorides to form columbo-fluorides. 


Sutpnurer oF CoLtumprum.—When columbium is heated in the 
vapour of sulphur it burns into a sulphuret: a similar compound is formed 
by passing the vapour of sulphuret of carbon over columbic acid heated 
to whiteness in a porcelain tube.. In the air this sulphuret burns into 
columbic acid, which obstinately retains a portion of sulphuric acid. Ber- 


zelius considers this as a tersulphuret (COl+4 S). 

The remaining combinations of columbium have not been sufficiently 
examined to require notice: the characters of its compounds will be evi- 
dent from the preceding paragraphs. 


g XXX. MERCURY. 


Tur principal ore of this metal is the sulphuret, or native cinnabar, 
from which the mercury is separated by distillation with quicklime or 
iron-filings. 

Mercury ( %) is a brilliant white metal, having much of the colour of 
silver, whence the terms hydrargyrum, argentum vivum, and quicksilver. - 
It has been known from very remote ages. It is liquid at all common 
temperatures, solid and malleable at - 40°, and contracts considerably at 
the moment of congelation. Its specific heat is 0°03332. (Reanauvtt.) 
It boils and becomes vapour at about 670°. It emits vapour at all temper- 
atures above 40°, but no apparent spontaneous evaporation goes on from 
it when below that temperature. (Farapay.) Its specific gravity at 60° 
is 135. According to Kupfer the density of mercury at 39:2° is 13°5886; 
at 62°6°, 13°5569; at 78°8°, 13535. In the solid state its density 
exceeds 14. The specific gravity of mercurial vapour is 6°976. (Dumas, 
Ann. de Ch. et Ph., xxxiii.) It is said to be sometimes adulterated with 
lead and bismuth, a fraud easily detected by the want of its due fluidity, 
and by its not being perfectly volatile, but leaving a residuum when boiled 


- 


OXIDES OF MERCURY. 929 


ina platinum or iron spoon. The best method of purifying mercury is 
to redistil it in an iron retort, but such an operation is rarely necessary, for 
it is extremely pure as it occurs in commerce. 

The equivalent of mercury is 200, (202 Turner, 101 GMELIN, 100 
Tuomson,) at least this number is most consistent with the binary com- 
pounds of the metal, and with the constitution of the salts of its oxides. 
Gmelin, in adopting the number 101, regards the protoxide and proto- 
chloride as a dioxide and dichloride; that is, (2 hg +0) and (2 hg +C.) 
Dr. Thomson also considers these compounds as a suboxide and subchlo- 
ride. There are two circumstances which justify this atomic weight; one 
is, that the constant quantity obtained by multiplying the specific heat of 
mercury by its atomic number (see p. 163) requires that 100, or there- 
abouts, should be the equivalent; and the other, that the specific gravity 
of the vapour of mercury, in reference to hydrogen, is as 100 or 101 to 1. 

Native Mercury occurs in small fluid globules, in most of the mines 
producing the ores of this metal. 


Mercury anp Oxycren.—There are two oxides of mercury. 


ProtoxipE or Mercury. Supoxipn or Mercury. (hg + 0.)— 
This oxide is formed, when the protochloride of mercury is decomposed 
by triturating it in excess of solution of potassa, washing the product with 
cold water, and drying it at a common temperature in a dark place. (Dono- 
vAN, Ann. of Phil., xiv.) If heated, or exposed to the sun’s rays, it is 
resolved into peroxide and metallic mercury. Thus prepared, the prot- 
_ oxide (or suboxide) of mercury is a dark gray or nearly black powder, 
insoluble in water, and yet having a metallic taste. Its density, according 
to Herapath, is 10°69. It was formerly prepared by agitating mercury 
and a little water for a long time together in contact of air; this was 
effected by tying a large phial containing a little mercury and water to 
the spoke of a mill wheel, and so leaving them to be shaken together ; 
the small quantity of oxide thus obtained was called Ethiops per se. A 
preparation, often considered as nearly corresponding with this oxide, is 
‘directed in the London Pharmacopeia, under the name of Hydrargyri 
oxidum cinereum. _ It is made by boiling calomel with lime-water; but it 
is not a pure protoxide of mercury, and being uncertain in composition, 
is unfit for medical use. It is also supposed that the protoxide of mer- 
cury is contained in the Pilula hydrargyri, or blue pul, and in the Un- 
Suentum hydrargyri, or mercurial ointment. But these preparations are 
rather to be regarded as containing jfinely-divided mercury, and it is 
apparently obtained in a similar state when mercury is triturated with 
honey, mucilage, and other viscid bodies, and also with chalk, as in the 
Hydrargyrum cum creta of pharmacy: indeed, it is astonishing to what 
an extent mercury may be subdivided into extremely minute globules, so 
as to lose its metallic appearance even under a powerful magnifier; this 
is the case when solutions of mercury are precipitated by protochloride of 
tin: the metal then appears in the form of a gray powder, and remains in 
that condition while humid. “To obtain precipitated mercury, equal 
weights of crystallized protochloride of tin and corrosive sublimate may 
be dissolved, the first in diluted hydrochloric acid and the second in hot 
water, and the solutions mixed by stirring: the salt of tin assumes the 
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whole chlorine of the corrosive sublimate, becoming hichloride of tin, 
which remains in solution, while the mercury is liberated, and forms so 
fine a precipitate that it requires several hours to subside. It may be 
washed by affusion of hot water and subsidence, and slightly drained on 
a filter, but not allowed to dry. There can be no doubt that it is in this 
divided state, and not as the black oxide, that mercury is obtained by 
trituration with fat, turpentine, syrup, saliva, &c., in many pharmaceu- 
tical preparations.” (Granam.) Another mode of obtaining mereury in 
an extraordinary state of division was discovered by Mr. Daniell: it con- 
sists in agitating it in dilute sulphuric acid in contact with a few particles 
of sulphate of copper: in this case electrolytic actions are concerned ; 
metallic copper is first precipitated and then oxidized, and hydrogen is 
given out upon the mercury, which appears to occasion it to assume the 
form of froth, It certainly seems very probable that, although mercury 
in its ordinary state is quite inactive as a medicine and passes through 
the bowels unaltered, it may be absorbed, and consequently prove active, 
when in the extremely comminuted form into which the preceding methods 
reduce it. Some of the protosalts of mercury, especially the protonitrate, 
when carefully prepared, and decomposed by excess of caustic potassa, 
furnish a precipitate of protoxide of mercury; it requires to be washed 
with repeated affusions of cold water and carefully dried, first on bibulous 
paper, and then in a vacuum oyer sulphuric acid. Guibourt regarded 
these precipitates as compounds of finely-divided mercury and peroxide, 
so that 1 atom of mercury and 1 atom of {peroxide would constitute the 
supposed protoxide: at present, however, the existence of a true definite 
_ protoxide, forming the basis of the protosalts of mercury, is generally 
admitted; such an oxide is soluble in acetic acid, and the solution yields 
a black precipitate with potassa; whereas, acetic acid is without action on 
metallic mercury, however finely it may be divided. Those who regard 
the black oxide of mercury as a suboxide or dioxide, represent it by the 
formula (2 hg 4.0): considered as a protoxide capable of forming definite 
salts by combination with 1 atom of the respective oxyacids, it will 
consist of 
: Guibourt. Donovan. Fourcroy. Seftstrom. 
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Peroxipe oF Mercury. (hg+2 0.)—This oxide is pro- : 
duced by exposing mercury, heated nearly to its boiling-point, — 
to the action of air. It becomes coated with reddish-brown 
scales, spangles, and crystals, and is ultimately entirely con- 
verted into a red crystallized mass, called in old pharmaceu- 
tical works, precipitatum per se, or calcined mercury. It is 
the hydrargyri binoxydum of the London Pharmacopeia. . It 
is most easily obtained in a pure form, by introducing into a 
flat-bottomed matrass, of the annexed shape (fig. 278), about ~ 
8 ounces of mercury, and placing it in a sand-bath, heated 
nearly to the boiling-point of the metal. In about a month's 
time nearly the whole ig converted into oxide, air being freely 
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admitted by the tube, while its length prevents the escape of mercurial 
vapour, which condenses and falls back into the body of the vessel; the 
remaining portion of running mercury may be driven off by exposing it in 
a basin to a heat below redness. 7 

This oxide may also be obtained by evaporating nitrate of mercury to 
dryness, and carefully exposing the residue to heat. In this process 25 
parts of mercury are dissolved in 35 of nitric acid, nitric oxide is 
abundantly disengaged, and on evaporation to dryness a pernitrate of 
mercury remains, which is carefully heated so long’ as fumes of nitrous 
acid are evolved; the resulting oxide is in the form of an orange-red 
crystalline powder, forming the Hydrargyri nitrico-oxidum of pharmacy. 
(See Netrale of Mercury.) 

A third mode of obtaining peroxide of mercury consists in adding 
excess of potassa to a solution of corrosive sublimate, or triturating cor- 
rosive sublimate in the alkaline solution: a yellow powder is thus thrown 
down, which is a hydrated peroxide; it loses its water at a moderate heat. 
If the potassa be not in considerable excess the precipitate is an oxichloride. 

Peroxide of mercury has an acrid metallic taste, and is poisonous. 
According to Thomson, Guibourt, and Donovan, it is very sparingly 
_ soluble in water, and the solution has a metallic taste, and is rendered 
brown by sulphuretted hydrogen; other chemists deny the solubility of 
the perfectly pure peroxide, and ascribe its apparent solubility to the 
presence of a trace of the pernitrate. Its specific gravity is 11-074. 
When this oxide is heated, it acquires a black colour, but becomes again 
red on cooling; at a red heat it evolves oxygen, and is reduced to the 
metallic state: it was from this source that Priestley first obtained oxygen 
gas (see p. 64). When long exposed to light it becomes black upon 
the surface, in consequence, apparently, of superficial reduction to the 
state of protoxide. It should be entirely volatilized when placed upon a . 
red-hot iron, for it is sometimes adulterated with red lead. Those who 
represent the black oxide by the formula (2 hg +0) consider this as a 
compound of 1 atom of mercury=100+41 atom of oxygen—8, or as 
(hg+ 0). In our system of equivalents it is a binoxide (hg +e 0), and 


consists of 
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Both the oxides of mercury combine with the greater number of the 
acids, forming two distinct classes of salts, several of which are resolvable 
into salts with excess of base, and salts with excess of acid, so. that the 
history of the saline combinations of mercury is thus rendered somewhat 
complex. There is also a great tendency to the formation of double salts 
‘among the haloid mercurial compounds; in short, mercury is, of all the 
metals, that which produces the most numerous and complicated series of © 
saline combinations, 


HiypRARGYRATE or AmmontaA. AMMONIURET OF OXIDE OF Mercvry. 
—When peroxide of mercury is digested in liquid ammonia a pale-yellow 
3Q2 
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compound of the peroxide with 13°6 per cent. of ammonia is obtained. 
(Gureourt.) Dr. Kane considers this as a hydrated compound of amide 
of mercury and peroxide of mercury; but it may also be regarded as 
containing 1 atom of peroxide of mercury +2 of ammonia. 


Mercury AND CHLORINE combine in two proportions, and form a 
_protochloride and perchloride of mercury, corresponding in composition 
with the protoxide and peroxide. These compounds are often called 
calomel and corrosive sublimate. Those who regard the black oxide of 
mercury as a dioxide are of course obliged to represent calomel as a 


dichloride, or (2 hg 4.C), and corrosive sublimate as a protochloride, or 
(hg +C); but consistently with our equivalents, calomel is (hg + C) ora 


protochloride, and corrosive sublimate (hg +2 C) or a bichloride or per- 
chloride. 


ProrocutoripE oF Mercury. SupcHLoripe oF Mercury. CALoMEL. 
(hg + ¢.)—This compound is first mentioned by Crollius, early in the 
seventeenth century. ‘The first directions for its preparation are given by 
Beguin, in the Tyrocinium Chemicum, published in 1608. He calls it 
draco mitigaius. Several other fanciful names have been applied to it, 
such as aquila mitigata, manna metallorum, panchymagogum minerale, 
sublimatum dulce, mercurius dulcis, &c. It is the Hydrargyri chloridum 
of the London Pharmacopeia. 

There are two processes by which calomel is usually obtained: the one 
by the action of mercury on corrosive sublimate; the other by the mutual 
decomposition of protosulphate of mercury and chloride of sodium; the 
product is in both cases sublimed by heat. The first mode consists in 
triturating 4 parts of corrosive sublimate with 3 of mercury (and a little 


water to prevent the dust rising), until the globules disappear, and the ; 


whole assumes the appearance of an homogeneous gray powder, which 
is introduced into a matrass, placed in a sand-heat, and gradually raised 
to redness. The protochloride sublimes, mixed with a little of the per- 
chloride, the greater part of which, however, being more volatile than the 
calomel, rises higher in the matrass; that which adheres to the proto- 
chloride may be separated, by reducing the whole to a fine powder, and 
washing in large quantities of hot distilled water. Pure protochloride of 


mercury, in the form of a yellowish-white insipid powder, remains, It ~ 


was formerly the custom to submit this product to very numerous subli- 
mations, under the idea of rendering it mild; but these often tended to 
the production of corrosive sublimate; and the calomel of the first sub- 
limation, especially if a little excess of mercury be found in it, is often 
more pure than that afforded by subsequent operations. 

_ In this process the operation consists in reducing the perchloride to 
the state of protochloride by the addition of mercury; it is objectionable 


on account of the heat required, and the destruction of the matrasses in — 


which it is sublimed, so that some have proposed to substitute the humid 
process, as it is termed, by precipitation, as devised by Scheele and Che- 
nevix. It is as follows: Form a protonitrate of mercury by dissolving as 
much mercury as possible in nitric acid; then dissolve in boiling water a 
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quantity of common salt, equal to half the weight of the mercury used, 
and render this solution sensibly sour by hydrochloric acid, and pour the 
hot nitrate of mercury into it. Wash and dry the precipitate. If this 
process be carefully performed, and the precipitate thoroughly edulcorated, 
the calomel is said to be sufficiently pure; but a small portion of chloride 
of sodium remains combined with the calomel, which material affects its 
medical uses. , 

The second process, by sublimation, however, appears on the wlfole 
the least exceptionable for the production of this important article of 
pharmacy. It is as follows: Boil 2 pounds of mercury with 30 ounces of 
sulphuric acid in a glass vessel, until the sulphate of mercury is dry. 
When it has cooled, rub it with 2 pounds of mercury in an earthenware 
mortar, till they are well mixed. Then add 13 pounds of chloride of 
sodium, and rub them together until globules are no longer visible. Put 
this mixture into a proper vessel, and heat it gradually to redness; the 
protochloride of mercury, or calomel, sublimes, and condenses in various 
forms, according to the rapidity of the operation, and the form and capa- 
city of the subliming vessel. If intended for medicinal use, it should be 
cautiously reduced to an impalpable powder, and washed with repeated 
affusions of hot distilled water, till it becomes perfectly tasteless, and till 
the water, in which it has been washed, is not discoloured by the addition 
of an aqueous solution of sulphuretted hydrogen. 

This process has many advantages over the first method. The sul- 
phate of mercury may be formed by boiling the metal with sulphuric acid 
to dryness in a cast-iron vessel, which should be conveniently arranged 
for the escape of the abundant fumes of sulphurous acid developed by the 
action of the mercury, and which are often a serious nuisance to the 
neighbourhood. They may be very effectually annihilated by suffering 
them to pass through a long flue and lofty chimney, mixed with abun- 
dance of coal smoke. The persulphate of mercury is triturated with a 
sufficient quantity of metallic mercury to convert it into a protosulphate, 
and then mixed with a due proportion of common salt, and subjected to 
sublimation. Protosulphate of mercury is a compound of | 


1 proportional of protoxide of mercury . . = 208 
1 : sulphuric acid . . .. = 40 
248 


To convert it into protochloride of mercury, it is mixed with 1 pro- 
portional of chloride of sodium, the chlorine of which combines with the 
mercury of the oxide of mercury in the protosulphate to form a proto- 
chloride, whilst its sodium becomes sulphate of soda, as shown in the fol- 
lowing diagram, in which the orIGINAL compouUNDS are printed in small 
_ capitals, the products in italics, and the component substances in common 
type: the equivalent numbers are affixed to the respective agents. 

In washing calomel, sal-ammoniac is often used, in consequence of the 
extreme solubility which it confers on the perchloride of mercury: com- 
mon salt answers equally well, and is cheaper; but it deserves notice, in 
relation to this part of the process, that calomel boiled with solution of 
sal-ammoniac, or of common salt, is resolved into metallic mercury and 
corrosive sublimate; the washings, therefore, where these salts are em- 
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Pretaepiertes (2 a erray ployed, should be with their cold 
solutions; but it is safer to wash 


Mercury .. Chlori 
ercur orine , * ; 
200 6 with hot distilled water only, which 


248 60 when conjoined with perfect leviga- 
PROTOSUL- CHLORIDE 4 a A : 
Pe ce , — tion, and tested as above directed, is 
Mercury. Sopium. very effective. 

Sulphuric ° 4 aes 4 
Acid 40 The form in which calomel sub- 
ee 3-+Sodium 24 limes depends much upon the dimen- 


sions and temperature of the sublim- 
| ing vessels. In small vessels it gene- 
rally condenses in a crystalline cake, the interior surface of which is often 
covered with beautiful quadrangular prismatic crystals (Brooks, Ann. of 
Phil., ii. 427, Qnd series), transparent, and of a texture somewhat elastic 
or horny: in this state it acquires, by the necessary rubbing into powder, 
a decidedly yellow or buff tint, more or less deep according to the degree 
of trituration which it ha’ undergone. If, on the contrary, the calomel 
be sublimed into a very capacious and cold receiver, it falls in a most 
impalpable and perfectly white powder, which only requires due elutria- 
tion to fit it for use; it then remains perfectly colourless. By a modifi- 
- gation of the process, it may be suffered as it sublimes to fall into water, 
according to Mr. Jewell’s patent. ; 

The above circumstances, too, account for the various appearances 
under which calomel occasionally presents itself in commerce: it may be 
added, that the buff aspect of this substance indicates the absence of cor- 
rosive sublimate; though it by no means follows, as a consequence, that 
when snow-white it contains it. When the surface of massive sublimed 
calomel is scratched, it always exhibits a buff colour: it also becomes yel- 
low when heated, but loses this tint as it again cools. 


Qa, 
Sulphate of Soda 
72 


Calomel should be perfectly tasteless, inodorous, and insoluble in © 


water. Dumas states it to be soluble in 12,000 parts of boiling water, and. 
Graham says it is so insoluble, that when protonitrate of mercury is added 
to water containing a two hundred and fifty-thousandth part of hydro- 
chloric acid, a sensible precipitate of calomel appears. 1 have found that, 
upon pouring hot distilled water upon pure calomel on a good filter, the 
liquor which passes is not affected by sulphuretted hydrogen. Its specific 
gravity is 7°17 (HLAssENFRATZ, ) 6°5 (Granam). At a heat somewhat below 


redness it rises in vapour, without previous fusion; but it fuses when - 


subjected to heat under pressure. The density of its vapour is 82; or 
119 in reference to hydrogen as unity. When scratched or broken in the 
dark, it phosphoresces. It is decomposed by the fixed alkalis and by 
ammonia, and protoxide of mercury is one of the results. Ammoniacal 
gas blackens calomel, but heat restores the original colour, and the calo- 
mel is unchanged. By strong hydrochloric acid it is resolved into mer- 
cury and corrosive sublimate, and by nitric acid into pernitrate of mercury 
and corrosive sublimate. Phosphorus, sulphur, and several of the metals 


decompose it. It consists of ‘Turner. 

Davy. 

Zaboada. 
Mercury of) 0.) <), is tues 66 200 cls CAE yo: ce 
Chlorine .. 2. .>% 1 36 15°35 “ae 
Protochloride of mercury 1 23 100°00 100 
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Native Protochloride of Mercury, or Mercurial Horn Ore, has been 
found in Germany, France, and Spain, usually crystallized, and sometimes 
incrusting and massive: it is rare. 


PHRCHLORIDE oF Murcury. BicuLorips or Mreroury. OxyMuRIATE 
or Murcury. Corrosive Susiimate. (AG +2C.)—When mercury is 
heated in excess of chlorine, it burns with a pale flame, the gas is absorbed, 
and a white volatile substance rises, which is the perchloride. It may 
also be obtained by dissolving peroxide of mercury in hydrochloric acid, 
evaporating to dryness, redissolving in water, and crystallizing. 

The ordinary process for making corrosive sublimate, consists in expos- 
ing a mixture of chloride of sodium and persulphate of mercury to heat 
in a proper subliming-vessel. The perstilphate is formed by boiling 2 lbs. 
of mercury with 30 oz. of sulphuric acid to dryness; it ig then rubbed to 
powder with 4 lbs. of chloride of sodium, and the mixture put into a large 
flask or into an earthen subliming-vessel, and exposed to a heat gradually 
raised to redness. : 

In this process the original substances are decomposed, perchloride 
of mercury sublimes, and sulphate 


: i : Perchloride of Mercury 
of soda is the residue. The object, 272 


then, of the operation is, to obtain Mercury , Chlorine 

a compound of 1 proportional of ” & 

mereury and 2 of chlorine, which is 296 120 
effected by the mutual decomposi- P#ssuz~ MORO RERE 
tion of 1 proportional of persulphate Murcury. wees Sopium, 
of mercury, = 296, and 2 propor- ii 

tionals of chloride of sodium, 60 x Oxygen 16-TSodium 48, 

2 =120, as shown in the annexed Sulphinte af Soda 

diagram :— 


The persulphate of mercury is generally prepared upon the large scale, 
by heating the acid and metal in an iron pot, proper means beitig adopted 
to carry off the copious fumes'of sulphurous acid arising from the decom- 
position of a portion of the sulphuric acid, during the peroxidizement of 
the mercury. ‘The whole is then evaporated to dryness, and the subse- 
quent sublimation is performed in glass, earthenware, or iron vessels, 
their form and arrangement being much dependent upon the quantity of 
materials employed. , 

Perchloride of mercury has an acrid nauseous taste, leaving a perma- 
nent metallic and astringent flavour upon the tongue. Its specific gravity 
is 5°2 (Hassenrratz,) 6°5(GRAHAM). It is usually met with in the shops 


in the form of white semi-transparent and imperfectly-crystallized masses, 


or in powder. It frequently exhibits prismatic crystals upon the inner 
surfaces of the sublimed cakes. (Brooxn, Ann. of Phil., 2nd series, vi. 
285.) It is soluble in about 16 parts of cold, and 3 of hot water, and as 
the solution cools, it deposits quadrangular prismatic crystals: it is more 
copiously soluble in alcohol, 7 parts of which at 60° dissolve 3, and at its 


_ boiling point 6, of corrosive sublimate: it is also soluble in ether, which, 


at common temperatures, takes up about one-third its Weight; and when 
ether is agitated with the aqueous solution it abstracts the perchloride 
from the water. When heated, it readily fuses, boils, and entirely sub- 
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limes in the form of a dense white vapour, powerfully affecting the nose 
and mouth. The density of its vapour is 9°420; 1 volume of it including 
1 volume of mercury vapour and 1 volume of chlorine. It is insoluble in 
~ concentrated nitric and sulphuric acids. Hydrochloric acid of the specific 
gravity 1158, at the temperature of 60°, dissolves about its own weight, 
and the solution, when cooled to about 40°, concretes into a mass of acicu- 
lar crystals; there appear to be two or three of these definite’ hydrochlo- 
rales of bichloride of mercury; they are partially decomposed when added 
to great excess of water, and resolved into free hydrochloric acid and 
bichloride. 

When solution of perchloride of mercury is decomposed by potassa, soda, 
or lime, a yellow precipitate is thrown down, which, when the alkali is in 
excess, is a hydrated peroxide of mercury. Such a mixture of a pint of 
lime-water with a drachm of corrosive sublimate was formerly much used 
as an application to venereal ulcers, under the name of Aqua phagedenica, 

2 proportionals of Chloride of Calcium or red lotion. It is in fact a solu- 

a ate del tion containing undecomposed 

Chlorine /2-)-Catclum corrosive: sublimate and chlo- 
ride of calcium, mixed with per- 


pe rooor 2 proportio- oxide, or with oxichloride, of 
RIDE of Mgr- peter nals of Lime mercury. For the actual decom- 
cuRY = 272 28 X 2= 06 


position of 1 proportional of 

Mercury 4 Oxygen ae sublimate, 2 propor- 

; ionals of lime are required, 

1 proportional of soo 5 of Mercury as shown in the annexed dia- 
gram, which also exhibits the 


1 proportional of Chloride of Calcium theory of the decomposition. 
= 56 


Pn TSE cated Sie, When protochloride of mer- 
‘Chlorine 36+ Calcium20 : oe 
if cury, or calomel, is similarly. 
1 proportio- decomposed, a portion of prot- 
nal of Proto- tio- } wey eis 
ee 4 he Te sete Pipesidis oxrde of mercury is the result, 
Munguny ==25 as in the annexed diagram, 
| and the mixture, which is 
Mercury 200-+ Oxygen 8 known in pharmacy under the 
rr ¥ 
1 proportional of Protowxide of Mercury Lae dechid of black lotion, 1S ob- 
= 208 tained. | 


Corrosive sublimate is either decomposed by, or combines with, the 


greater number of organic bodies; some of them convert it into calomel, 


by the abstraction of 1 atom of chlorine; others enter into more complicated 
combinations, some of which are remarkably permanent; the applications 
of it to the preservation of some anatomical preparations, and to the pre- 
vention of dry-rot, illustrate these actions, and will again be alluded to 
under organic bodies: hence also the efficacy of a mixture of white of 


egg and water, in preventing or mitigating the poisonous effects of corro- 
sive sublimate in the stomach. | 
Perchloride of mercury consists of Davy. 
Turner. 
Moareury. 2.5 S20 1s ie eee ets a0 wie e eo no 
Chlorine oir, 2s = (0) 6. exe a es te ge key 
1 


——__— 


Perchloride of mercury 272 ' 100°00 


z 
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OxicHLoripE or Mercury.—It has been stated that when a solutjon 
of corrosive sublimate is decomposed by excess of potassa or soda, a 
hydrated peroxide of mercury is thrown down; but if the mercurial salt 
remains in excess, the precipitate is then of a brown colour, and contains 
oxide and bichloride of mercury; when the alkaline carbonates are used, 
there are the same general results. ‘Chloride of mercury is not imme- 
diately precipitated by the bicarbonates of potassa and soda; hence that 
salt may be employed to detect the presence of a neutral alkaline car. 
bonate in these bicarbonates. This oxichloride may also be formed by 
passing chlorine through a mixture of water and oxide of mercury. It may 
be obtained crystalline, and of a very dark colour, by mixing corrosive sub- 
limate with chloride of lime, and boiling the liquid; or by treating a solu- 
tion of corrosive sublimate with bicarbonate of potassa, and allowing the 
solution to stand in an open vessel, when carbonic acid gradually escapes, 
and the compound (hg +2C)+4 (hg +20) isdeposited. This oxichloride 
is decomposed by a moderate heat; chloride of mercury sublimes, and the 
red oxide is left. 


; AMMONIO-CHLORIDES oF Mercury.—Corrosive sublimate slowly absorbs 
about 4 per cent. of ammonia at common temperatures; when fused in an 
atmosphere of ammonia, the absorption is more rapid; the compound fuses, 
and consists of 1 atom of corrosive sublimate and 1 of ammonia. It boils 
at 590°, and may be distilled without decomposition ; water decomposes it. 
(H. Rosz.) When chloride of mercury is dropped into a hot mixed solution 
of ammonia and sal-ammoniac, as long as the precipitate redissolves, cry- 
stals of an ammonio-chloride of mercury are formed, containing 1 atom of 
bichloride and 2 of ammonia. (Kanz.) When a mixture of ] part of 
sal-ammoniac and 5 of corrosive sublimate are dissolved in 6 of water, and 
the solution evaporated, a crystallized compound is obtained, formerly 
called Sal alembroth, or salt of wisdom. When this solution is diluted, 
and mixed with solution of potassa, a white powder falls, which was con- 
sidered as identical with the precipitate obtained by decomposing solu- 
tion of corrosive sublimate by ammonia, but which, according to Kane, 
is similar in composition to the crystalline salt just mentioned, namely 
(hg +20)+2(n+sh). | 

White Precipitate.—This name was formerly given to the white pow- 
der which falls when ammonia is added to a solution of corrosive subli- 
mate; it is the Hydrargyri ammonio-chloridum of pharmacy, and has 
generally been regarded as a compound of peroxide of mercury, bichloride 
of mercury, and ammonia. (See Puiuuirs, Trans. Lond. Pharm., and 


Henne, Quart. Journ., xviii. 297.) According to Kane, white precipi- 


_ tate is free from oxygen, and is a bichloride of mercury combined with an 


amide of mercury, or (hg +2 C)+ (hg +n+2h). This compound is 
soluble in the acids, and is not altered by ammonia. When it is boiled 
in water, it is converted into a heavy yellow powder, which, according to 
Kane, is a double chloride and amide of mercury with oxide of mercury. 
According to Mitscherlich, white precipitate, when gradually and care- 
fully heated, is decomposed, and part of it converted into a red mat- 
ter, which contains 1 atom of perchloride of mercury united to a com- 
pound of 1 atom of nitrogen+3 of mercury (hg +2C)+(n+3 hg). This 
ted substance is decomposed, when heated above. 680°, into corrosive 


- 7 = v “a 
i ee 7 
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sublimate, mércury, and nitrogen; it is insoluble in water, and not altered 
by nitric acid or by the alkalis; it is decomposed when boiled in concen- 
trated sulphuric or hydrochloric acid, and corrosive sublimate and am- 
monia are found in the solution. The nitruret of mercury has not been 
isolated. (Poggendorf, xxxix. 409.) 


HypRARGO-PERCHLORIDES OF Porasstum—These and a number of 
similar double hydrargo-chlorides have been examined by Bonsdorff. (Anz. 
de Ch. et Ph., xiv.) When 1 equivalent of bichloride of mereuty and 1 
of chloride of potassium are dissolved in water, and left to spontaneous 
evaporation, acicular amianthine crystals are formed, which contain 74°7 
bichloride of mercury, 20-4 chloride of potassium, and 4‘9 water, per 
cent., or 1 atom of each of the chlorides and 2 of water= (hg +2 C) + 
(po+c)+2q. When I atom of bichloride of mercury and 2 of chloride 
of potassium are similarly combined, the resulting salt forms transparent 
vhomboidal crystals, which contain 62‘0 of bichloride of mercury, 33-9 
of chloride of potassium, and 4°] of water, per cent.; they are, therefore, 
(hg +2C)+2(004+C)+2q. There is a third of these compounds which 
is prepared by saturating cold water with chloride of potassium, heating 
the solution up to between 120° and 140°, and saturating it at that tem- 
perature with corrosive stblimate; the hot solution is filtered in a warm 


place, and it no sooner begins to cool than it concretes into a mass of | 


white silky crystals; if may also be obtained in rhomboidal prisms; it 
contains 83:2 per cent. of bichloride of mercury, 11°3 of chloride of potas- 
sium, and 5°5 of water, numbers which are equivalent to 2 atoms of 
bichloride of mercury, 1 of chloride of potassium, and 4 of water, or 
2(hg+2C)+(po+e)+49. 

HypRARGO-PERCHLORIDE oF Sopium is obtained by adding to a cold 
saturated solution of common salt as much corrosive sublimate as it will 
dissolve, and, leaving the solution to spontaneous evaporation, it forms a 
mass of acicular crystals; or, if excess of common salt be present, regular 


six-sided prisms. This double chloride always contains 
Bonsdorff. 
Bichloride of mercury : 1 O12, + 3 5 GA cs eae a oop 
Chioride of sodiam 6.15. > 0 3 cy, 3. 60 es 1S as 
Water gc OF SEt ee Fae é 1 a 7b 9°8 d 


Hydrargo-perchloride of sodium 1 368 100-0 100°0 | 


The hydrargo-bichlorides of calcium and of magnesium are as various 
as those of potassium; they are crystallizable, and the neutral salt is very 
deliquescent; those of barium, strontium, and lithium, resemble that of 
soda; those of manganese, iron, nickel, and cobalt, are neutral and isomior- 
phous, forming rhomboidal prisms, which contain 4 atoms of water; that 
of zinc is very deliquescent; that of copper, permanent. 


Cutorates or Mrrcury.—Chloric acid dissolves both the oxides of 
mercury; the protochlorate has the appearance of a yellowish granular 
powder, sparingly soluble in hot water, and of a mercurial taste. ‘The 
perchlorate forms white acicular crystals, having the acrid flavour of the 
perchloride, and soluble in 4 parts of water at 60°. (Vauqurnin, Ann. 
de Ch.,; xev.) 


, 
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PROTIODIDE OF Mercury. (hg +0.)—This compound is obtained, 
]. By triturating together 200 parts of mercury, and 126 parts of iodine, 
moistened with alcohol. 2. By adding iodide of potassium to a dilute solu- 
tion of neutral protonitrate of mercury. 3. By digesting in boiling water 


_ 236 parts of protochloride of mercury with 166 of iodide of potassium. 4. 


By the mutual atomic decomposition of protacetate of mercury and iodide | 
of potassium. . ; 

Protiodide of mercury is a dirty-green powder. When rapidly heated 
in a glass tube, it fuses, and sublimes unaltered: gently heated, or long 
exposed to light, it is resolved into mercury and periodide: it also under- 
goes the same decomposition by the action of hydriodic acid on the basic 
iodides, and, when aided by heat, by hydrochloric acid and the basic chlo- 
rides. It consists of 


Mercury . ake 1 200. . GLS 
ELE IS Tes gy i a Sear Pi ener ais: fo 
Protiodide of mercury 1 326 100°0 


SESQUIODIDE oF Mercury. Yertiow lopipe or Mercury.—When 
iodide of potassium is poured into an acid solution of protonitrate of mer- 
eury, the resulting precipitate is, under careful management, yellow, and 
consists chiefly of sesquiodide; but if too much acid be used, it is of a 
reddish tinge from the presence of periodide, which, however, may be 
removed by digesting the precipitate in alcohol. The sesquiodide of 
mérceury is more certainly obtained by precipitating the protonitrate by a 
sesquiodide of potassium, made by dissolving half an equivalent of iodine 
with 1 equivalent of iodide of potassium: it then falls in the form of a yellow 
precipitate, which when washed with alcohol is free from periodide. This 
sesquiodide is a yellow powder, which by the action of dilute nitric acid 
is converted into periodide, so that the precipitate which falls when iodide 
of potassium is added to protonitrate of mercury, varies in composition 
with the state of the mercurial salt: if neutral, the green protiodide falls; 
if slightly acid, the yellow sesquiodide; if very acid, the red periodide. 
The yellow compound contains , 

Boullay. 


Mercury . te 200). ew BLO! 8. 4 aE 
Iodine . 1; . - 189. . 485 . . 48-1 
Sesquiodide of mercury 1 389 100°0 100°0 


PERIODIDE OF Mercury. Briniopipe or Mercury (hg +21) is of 
a bright scarlet colour, easily fusible, and then assumes a yellow colour: 
it sublimes in rhomboidal scales, at first yellow, but becoming red on 


cooling or when subjected to friction. The density of its vapour is 


15680. Acids and alcohol dissolve it by the aid of heat, and as the 
solutions cool it separates in more or less perfect crystals; it dissolves also 
in solutions of the mercurial salts and of iodide of potassium. It is almost 
insoluble in water. It is precipitated by sulphuric acid from its solution 


_ in caustic potassa. It absorbs about 6 per cent. of animonia and loses its 


red colour: exposed to air the ammonia escapes and the red colour returns. 
This iodide is obtained by triturating 2 equivalents of iodine with 1 of 
mercury, or by precipitating a pernitrate of mercury with a proper quan- 
tity of iodide of potassium; it is generally made by adding a solution of 
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iodide of potassium to one of corrosive sublimate: when the iodide is gradu- 
ally dropped into the mercurial solution, a red compound of chloride and 
iodide of mercury is first formed, which presently redissolves; on adding 
more of the iodide a pale flesh-coloured precipitate falls, which is an 
insoluble iodochloride; a further addition of iodide of potassium produces 
a bright scarlet precipitate, which is periodide of mercury; lastly, excess 
of iodide of potassium redissolves the periodide, and a soluble hydrargo- 
iodide of potassium is formed. _ Biniodide of mercury consists of 


Wercury), 2.75 i onan 200. . 44°4 
Todine, sss: rs 3 ae ee PBB Bre oF S'S 


— —— —_. 


Periodide of mercury 1 452 100-0 


Hypriopatrs or Pertopipre or Mercury are formed by the periodide 
in various equivalent proportions dissolved in hydriodic acid: a hydriodate 
and a binhydriodate may be thus formed, and obtained in yellow acicular 
crystals by careful evaporation in vacuo; they are decomposed by water, 
and if left too long under evaporation a portion of their component acid 
goes off. ; 


HyYDRARGO-PERIODIDES. — Biniodide of mercury unites with other 
iodides, and forms a class of double salts which have been examined by _ 
Boullay and by Bonsdorff (Ann. de Ch. et Ph., xxxiv. and xLiv.): it also 
combines with certain chlorides, as above mentioned in regard to the 
chloride of mercury; thus, when biniodide of mercury is digested in a hot 
solution of bichloride of mercury, two double salts are deposited as the 
solution cools; one in the form of a yellow powder (hg +20)+ (hg +20), 
and the other in white dendritic crystals, which is (hg +22)+2 (hg +2C). 


HypRraARGO-PERIODIDE OF Potassium forms yellow acicular deliques- 
cent crystals, when a cold solution of iodide of potassium is saturated with . 
periodide of mercury, and left to spontaneous evaporation in a vacuum 
with quick-lime: they are soluble in alcohol and ether, and contain 1 
atom of iodide of potassium-+1 of biniodide of mercury+3 of water; 
their equivalent being 645. When this salt is dissolved in a large 
quantity of water, half of its component biniodide of mercury separates, 
and on evaporating the solution a yellow residue is obtained, containing 
2 atoms of iodide of potassium-+1 of biniodide of mercury. 

There are analogous hydrargo-periodides of calcium, magnesium, 
barium, strontium, iron, zinc, &c. 


IopatE oF Mercury.—lodate of potassa occasions a white insoluble 
precipitate in the protonitrate of mercury,-but not in the pernitrate; hence 
the iodate of the peroxide appears to be a soluble salt. 


Bromipes of Mercury.—Bromide of potassium occasions a white 
curdy precipitate in the protonitrate of mercury, which is a protobromide 
of mercury: the perbromide may be obtained by the direct action of bro- 
mine on mercury, or on peroxide of mercury; it is a white crystallizable 
compound, fusible, volatile, and soluble in water and inalcohol. Itforms — 
double salts (hydrargo-bromides) with the bromides of the alkaline bases. 

It absorbs ammonia when heated in that gas, but not at common tem 
peratures, sf 
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The Bromates of Mercury have not been examined. 


Fivoripes or Mercury.—Hydrofluoric acid occasions no precipitate 
in the protonitrate of mercury, and when the mixture is evaporated, the 
acid escapes, and leaves the mercurial salt unchanged. When hydro- 
fluoric acid is poured upon peroxide of mercury, it acquires an orange- 
colour, and is dissolved upon the addition of water. ‘The solution fur- 
nishes yellow prismatic crystals, which, by the action of hot water, are 
resolved into a soluble and insoluble compound. (BERZELIUS.) | 


Mercury anp Nirric Acrp.—Nitric acid is rapidly decomposed by 
mercury: nitrous acid, and nitric oxide gases are evolved, and either a 
protonitrate or a pernitrate of mercury is obtained, according to the mode 
in which the solution is performed and the state of dilution of the acid. 


PROTONITRATE OF MeERcuRY (hg +0+ 7’) is obtained by dissolving 
the metal in cold nitric acid: the solution deposits transparent crystals, 
which appear to be modified octoédra, or, according to Thomson, four- 
sided prisms. They are soluble without decomposition in a small pro- 
portion of cold water, and the solution affords black precipitates upon 
the addition of excess of the alkalis. Small quantities of the caustic 
alkalis dropped into this solution, occasion yellowish and gray precipitates, 
which appear to be mixtures of the oxide and subnitrate. The crystal- 
lized protonitrate contains, according to Thomson (First Principles), and 
Mitscherlich (Ann. de Ch. et Ph., xxv. 241), 2 atoms of water: its com- 
position therefore is 


Protoxide of mercury —, ] « 208) ie. F443 
DNitbIG DEM "Seek ete ols ° Bee ees Sone 
Water e e e e e e e e 2 e * ] 8 e e 6°4 
J 


eee 


Crystals of protonitrate of mercury 280 100°0 


As a test, a solution of protonitrate of mercury is useful in the follow 
ing cases: with sulphuretted hydrogen it yields a black precipitate, with 
hydriodic salts greenish-yellow, with hydrochloric acid and Salts white, 
with ammonia black, with fixed alkalis gray, with chromic acid red, with 
arsenious acid white or straw-colour: it discolours an extremely dilute 
solution of gold, rendering it dark-brown, and of platinum yellowish-brown, 
or if very dilute, yellow. It throws down white flakes from albuminous 


solutions. The nitric solutions of mercury, when concehtrated, tinge the 
cuticle of a dingy purple. 


SUBPROTONITRATE OF Mercury.—When excess of mercury is digested 
in cold nitric acid diluted with 3 or 4 parts of water, or when protoxide 
of mercury is digested in a solution of the neutral protonitrate, white 
prismatic crystals are deposited, soluble in a small quantity of water, but 
decomposed by a large quantity, when a white powder is deposited which 
becomes yellow if washed with water. The crystals contain 1 atom of 
_hitric acid, 13 of protoxide of mercury, and 13 of water (Mrrscuuruicn); 

and the yellow pulverulent salt, 1 atom of nitric acid, 2 of protoxide of 
mercury, and | of water. (Kanr.) 

When the preceding nitrates are decomposed by a dilute solution of 
ammonia, not in excess, a dark-gray precipitate falls, which when collected 


Se iad | 


’ 
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and well washed was formerly known as Hahnemann’s Soluble Mercury: — 
it is a compound of | atom of nitric acid, 2 of protoxide of mercury, and | 


1 of ammonia. When mercury is boiled in an aqueous solution of the 
protonitrate till the liquid is of a dark-yellow colour, it yields, on evapo- 
ration, a difficultly-soluble yellow salt which is a hyponitrite (nitrite?) of 
mercury. (MirscHERLicu.) 


Pernitrate oF Murcury.—There is no neutral pernitrate of mer- 
cury, that is, in which 1 atom of the peroxide is combined with 2 of 
nitric acid, which is susceptible of being crystallized; but such a com- 
pound probably exists in solution, when | atom of corrosive sublimate is 
decomposed by 2 of nitrate of oxide of silver; for (hg +2€)+2(dg+0 
+7!) become 2(A9 + €) + (hg +20+0’), or when 1 atom of peroxide 
of mercury is dissolved in 2 of nitric acid; but when such a solution is 
evaporated, or when mercury is boiled in nitric acid till a drop of the 
liquid occasions no precipitate when added to solution of chloride of 
sodium, and then set aside to crystallize, a salt is obtained in small prisms 


which consists of 7 
Mitscherlich.. 


Peroxide of mereury. . . - + 1. « 216 . . 7500 ... 759 
eR a ee PO bore Ur ore | fd. » 1888 | «cata 
' ‘Water : 2 18 yil’y Hil lba deananende 
Pernitrate of mercury crystallized 1 288 100:00 1000 


SUBPERNITRATE oF Mercury is the result of the decomposition of 
the preceding salt by tepid water; it falls in the form of a yellow powder, 
which consists of 14 atoms of peroxide, 1 of nitric acid, and 1 of water: 
when boiled in water it becomes more basic, and probably forms a defi- 
nite compound of 3 atoms of peroxide, 1 of acid, and I of water. (IXANE.) 

Action of Ammonia on the Pernitrates of Mercury. —When these 
salts are decomposed by ammonia several complicated results ensue, which 
have been studied by Mitscherlich, Soubeiran, and Kane. When a solu-- 
tion of pernitrate of mercury is decomposed by weak solution of ammonia 
a white precipitate ensues, which when washed in cold water contains 14 
atoms of peroxide of mercury, 1 of ammonia, and 1 of nitric acid (Mrrs- 
cuurLIcH): when treated by boiling water it is heavier and more granular, 


and then consists of a subnitrate of mercury, 13 (hg +20)+/, com- 


ra | — SC . 


, 


bined with an amide of mercury (hg +272+4 h). (Kane.) When ~ 


the preceding salts are boiled with nitrate of ammonia and excess of am- 
monia, the resulting solution deposits yellow crystals on cooling, the con- 
stituents of which are 1 atom of peroxide, 1 of ammonia, and 1 of nitric 
acid, (Souperran.) When this salt is boiled in a strong solution of 
nitrate of ammonia the solution deposits, on cooling, brilliant acicular 
crystals, which are resolved by water into Soubeiran’s subsalt and nitrate 
of ammonia: the crystals contain 3 atoms of nitrate of ammonia, and 3 of 
water (or 3 atoms of nitrate of oxide of ammonium), combined with 2 
atoms of peroxide of mercury. (Ann. de Ch. et Ph., ixxii. 225. Trans. 
Royal Irish Acad., xix.) . 


Nirrico-oxipe or Mercury. When the nitrates of mercury are 
exposed to heat gradually raised to dull redness, nitric and nitrous acid is 
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given off, and a red substance remains, consisting of peroxide of mercury 
with a small portion of adhering nitrate. This is used in pharmacy as 
an escharotic, and is called in the London Pharmacopeia, hydrargyri 
nitrico-oxidum. It is difficult in this. process so to apply the heat as to 
expel the acid, without at the same time evolving oxygen from the re- 
maining oxide and evaporating part of the mercury. We find, therefore, 
traces of nitric acid generally remaining in the compound. The nitrate 
requires to be constantly stirred during the process, which is usually 
performed in a cast-iron pot; the operator will find it advantageous to 
prepare the solution and partly to evaporate it in a retort with an annexed 
receiver containing a little water, by which, if any quantity of materials 
is employed, he will save a part of the acid. The product, when well 
prepared, is of a brilliant red colour, with a shade of orange; when not in 
very fine powder it hag a glistening scaly appearance; at a red heat it is 
decomposed and entirely dissipated, provided it be not adulterated, as it 
sometimes is, with red-lead: it has an acrid taste, is very sparingly soluble 
in water, and readily soluble without effervescence in nitric acid. Ac- 
cording to Gay Lussac, the appearance of this preparation depends on the 
state of the nitrate previous to decomposition; if in fine powder, the result- 
ing oxide is orange-coloured and pulverulent; the larger crystals furnish a 
deeper-coloured oxide, and the small crystals yield that which is preferred 
in commerce; the pernitrate furnishes a finer-coloured product than the 
protonitrate. In consequence of subpernitrate of mercury remaining in 
this preparation, it should not be used in medicine as a substitute for pure 
peroxide of mercury. When washed with and triturated in a dilute 
solution of potassa, edulcorated with distilled water, and carefully dried, 
it may be regarded as nearly pure peroxide of mercury. In this state it 
is called Arcanum corallinum in some of the older Pharmacopeiz. 


Mercury anp Sunpuur. Protosunpuuret or Mercury. (hg +8.) 
— When 1 part of mercury is triturated for some time with 3 of 
sulphur, a black tasteless compound is obtained, which was called in old 
pharmacy Ethiops mineral; it is the Hydrargyri sulphuretum nigrum of 
the Pharmacopeeia, and is often regarded asa definite sulphuret; but 
when boiled in solution of potassa, sulphur is taken up, and bisulphuret of 
mercury remains, so that it.is probably a mixture of sulphur and of the 
bisulphuret. According to Taddei, an Ethiops mineral may be quickly 
formed by the following process. (Gior. di Fisica, iv. 12.) Put 1 part 


' of sulphuret of potassa with 3 of mercury into a mortar, and triturate 


with a little water, until the whole forms a homogeneous black paste; 


then add flowers of sulphur equal in weight to the mercury, and mix the 


whole: wash with répeated affusions of water, till the alkaline sulphuret 
is removed, and carefully dry the remaining Ethiops. 

When sulphuretted hydrogen is passed through a dilute solution of 
protonitrate of mercury, or through a mixture of very finely divided 
calomel and water, a black powder is thrown down, which is a true 
protosulphuret. When it is boiled with nitric acid, it is converted into a 
sulphate of mercury: heated to redness, metallic mercury escapes, and 
bisulphuret sublimes. By long exposure to light it is said to be resolved 
into mercury and bisulphuret. It consists, according to Guibourt (Anz. 
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de Ch. et Ph., i.), of 100 mercury + 8-2 sulphur, numbers which corre-_ 
spond to | 


a 


Mercury .. Cee Ps is 20 De amend cre 
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BisutPpHURET oF Mercury. VERMILION. CINNABAR. (hg +2 S.)— 
In the manufacture of cinnabar, 6 parts of mercury are mixed in an iron 
pot with 1 of sulphur, and made to combine by a moderate heat, and 
constant stirring: this compound is then transferred to a glass subliming- 
vessel, (on a small scale, a Florence flask answers perfectly,) and heated 
to redness in asand-bath; a quantity of mercury and of sulphur evaporate, 
and a sublimate forms, which is removed, and rubbed or levigated into a 
very fine powder. If mercury and sulphur be heated together in large 
quantities, the action is so intense at the moment of their combination as 
to occasion a slight explosion and flame; sulphuretted hydrogen is also 
evolved. The details of the process for the manufacture of cinnabar are 
given by Dumas (Chimie app. aux Arts); but, however finely it is tritu- 
rated, it never acquires the brilliant tint of the sulphuret prepared by 
humid processes, or of that which is imported from China. 

When solution of corrosive sublimate is decomposed by the action of 
excess of sulphuretted hydrogen, the precipitate which falls is a bisul- 
phuret of mercury; but it is perfectly black until sublimed, when it forms 
a steel-gray sublimate, which, reduced to a fine powder, acquires its red 
tint. 

Kirchoff was the first who pointed out a mode of obtaining vermilion 
by the process of triturating mercury and sulphur in a solution of potassa. 
(Nicnotson’s Journal, 4to. ii.) A black compound is first formed, and 
the mixture is then heated to 130°, and retained for several hours at 
about that temperature, when it gradually acquires a brown and then a 
red tint; when this is sufficiently brilliant the liquid is decanted, and the 
product washed and dried. Liebig obtains vermilion by digesting recently 
prepared white precipitate (see page 937) in a sulphuret of ammonium, 
obtained by saturating hydrosulphuret of ammonia with sulphur: the 
black sulphuret is first produced, which afterwards acquires the desired 
red colour; its tint is improved by digestion at a gentle heat in a strong 
solution of potassa. 

Cinnabar is not altered by exposure to air or moisture; when heated 
to dull redness in an open vessel, the sulphur forms sulphurous acid, and 
the mercury escapes in vapour. It is decomposed by distillation with 
fixed alkalis, lime, and baryta, and by several of the metals. When 
adulterated with red-lead or with colcothar, it is not entirely volatile. It 
is insoluble in nitric and hydrochloric acids, but nitrohydrochloric acid 
acts upon, and decomposes it, even in the cold. Boiled in sulphuric acid, 
sulphurous acid is evolved, and a sulphate of mercury formed. It consists 
of 

Seftstrom. Guibourt. Seguim. Proust. 
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Native Cinnabar is the principal ore of mercury: it occurs massive, 
and crystallized in six-sided prisms, rhombs, and octoédra. It is of 
various colours, sometimes appearing steel-gray, at others bright-red.° It 
occurs in Hungary, France, and Spain, in Europe; in Siberia and Japan, 
in Asia; and in considerable quantities in South America. The mines of 
Almaden, and of New Spain, are the most productive, and furnish fine 
cabinet specimens. Native mercury, and native amalgam of silver, some- 
times accompany it. 


CHLorosuLpHurRET oF Mercury. (A GJ+2C)+2 (h GJ +25.)—When 
sulphuretted hydrogen gas is passed through a solution of corrosive sub- 
limate a white precipitate is first formed, which is long in subsiding, and 
readily passes through filtering paper: if the action of the gas be con- 
tinued, this white compound blackens and becomes bisulphuret of mer- 
cury. The same white compound is formed by digesting precipitated 
bisulphuret of mercury in a solution of corrosive sublimate. It may be 
washed, and dried without decomposition: when heated, corrosive subli- 
mate rises first, and afterwards bisulphuret of mercury: it is insoluble in 
the greater number of acids, but nitrohydrochloric acid decomposes it; 
chlorine converts it into chloride of sulphur and perchloride of mercury: 
the alkalis blacken it, and forming chlorides of their bases separate sul- 
phur and peroxide of mercury. It consists of 


Perchloride of mercury . 1 272 36°9 
Bisulphuret of mercury. '.. 2 . . 444 . . 63°1 
Chlorosulphuret of mercury 1 736 100°0 


IoposutpHuret or Mercury (/ J+20)+2 (h 9 +28) is an analogous 
compound to the preceding, obtained by the action of sulphuretted 
hydrogen upon biniodide of mercury. It is of a yellow colour. 


BRoMOSULPHURET OF MERCURY (h G+2 b) +2 (A J +28) is yellowish- 
white, and resolved by heat into bromide of mercury, which is most vola- 
tile, and sulphuret, which subsequently sublimes. 


FLuosuLPpHURET oF Mercury. (hg +2 Tt) +9 (hg +2S).—When a. 
solution of peroxide of mercury in hydrofluoric acid is subjected to the 
action of sulphuretted hydrogen, a white precipitate is obtained, which 
is characteristically distinguished from the preceding combinations by its 
being decomposed by boiling water into sulphuret of mercury and perflu- 
oride of mercury. When heated with sulphuric acid, hydrofluoric acid 
is disengaged. 


Hyposvutpuires or Mrercury.—When a solution of a hyposulphite 
is poured into a very dilute solution of protonitrate of mercury it 
occasions a black precipitate, which, however, is probably not a true 
hyposulphite. The nature of these compounds has not been satisfactorily 


ascertained. 


Sutpuites oF Mercury anp Hyposvutpuates or Meroury have not 
been examined. 
3R 


946 SULPHATES OF MERCURY 


PRoTostLPHAaTE oF Mercury. (hg + 0 +8’.)—When 1 part of mer- 
eury is digested in a moderate heat with 13 of sulphuric aeid, sulphurous 
acid gas is evolved, and a white deliquesesiit mass is obtained; which, 
washed with cold water, affords a very difficultly-soluble w Hite salt, 
which isa protosulphate of mercury. The same salt is thrown down, 
when sulphuric acid or sulphate of soda is added to a solution of proto- 
nitrate of mercury: it is also formed by triturating equivalent proportions 
of mercury and persulphate, and heating the mixture, as in the process 
for making calomel (p. 933). - Protosulphate of mercury requires 500 
parts of cold and 300 of boiling water for its solution: it crystallizes in 
prisms. According to Fourcroy, it is soluble in dilute sulphuric acid, and 
thus forms a crystallizable supersulphate. Its solution in boiling water 
is decomposed by the fixed alkalis, which at first throw down a subsalt, 
and when added in excess, separate the black protoxide. This salt, when 
anhydrous, consists of 

Protoxide of mercury 1 
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Protosulphate of mercury 248 100°0 


When protosulphate of mercury is decomposed by ammonia, it fe . 


‘a dark-gray powder, which apparently contains ammonia. 


PERSULPHATE OF MERCURY. (hg +20+28/.)—If 5 parts of i. 
phuric acid be boiled down to dryness with 4 of mercury, a white crystalline 


mass of persulphate of mercury is obtained. This salt cannot exist in 


solution in the neutral state, for water resolves it into a soluble supersalt 
and an insoluble swbsalt. The soluble portion may be obtained by eva- 
poration in the form of deliquescent acicular crystals. The subsalt, when 
triturated with boiling water, acquires a yellow colour, and was formerly 
called turpeth mineral, from a similarity, in its medical effects, to the 
roots of the Convolvulus turpethum: it is dangerously cathartic and 
emetic. It is not absolutely insoluble in water, but requires 2000 parts 


of cold and 300 boiling water for the purpose. It contains 13 atoms of — 


peroxide of mercury + 1 of sulphuric acid. Ammonia converts the sul- 
phates of mercury into a heavy powder, similar in composition to that 
which results from the decomposition of white precipitate: it is a com- 


pound of turpeth with amide of mercury. (Kanz.) The anhydrous 


persulphate of mercury consists of 


Peroxide of mercury 1 
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Persulphate of mercury 


PuospHuRET OF Mercury may be formed by heating phosphorus 


with oxide of mercury, or with the protosulphuret; or by passing thé 
vapour of phosphorus over calomel; or phosphuretted hydrogen throuzh a 
solution of protonitrate of mer cury. It varies in appearance, and according 


to the method of its production its colour is either brown or black. When — 


obtained by the action of phosphuretted hydrogen upon mercurial solu- 
tions, it almost always contains portions of the salt employed; and by 
‘acting upon solutions of persalts of mercury by phosphuretted hydrogen, 
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thé first precipitate is white or yellow, and is 4 eompotind of phésphuret 
of mercury and the salt of the peroxide. These combinations have been 
described by H. Rose. (Ann.de Ch. et Ph., txvi. 366.) 


Neither the HypopuospHite nor PHospuite oF Mercury have been 
examined. 


PuospHaTes oF Mercury.—When phosphate of soda is dropped into 
protonilrale of mercury, a white crystalline precipitate falls, which is 
protophosphate of mercury. It is.insoluble in water and in excess of 
phosphoric acid, and when intensely heated is decomposed, and leaves — 
phosphoric aed, Perphosphate of mercury is thrown down from the 
pernilrate by the addition of phosphate of soda: it resembles the proto- 
phosphate in appearance, but it dissolves in excess of phosphoric acid. 


SELENIURET oF Mercury is a tin-coloured substance, which sublimes 
in shining scales at a temperature below its point of fusion. 


BistLenturer oF Mercury is obtained as a gray crystalline mass, by 
fusing the seleniuret with selenium. 

Native Seleniuret of Mercury has been found in combination with 
seleniuret of lead. 


Carzonates oF Mercury.—When solution of carbonate of potassa is 
dr opped into protonitrate of mercury, a yellowish-white protocarbonate of 
mercury is thrown down; it becomes gray, arid evolves carbonic acid, 
when boiled in water. It is soluble in excess of the alkaline carbonate, 
and in aqueous solution of carbonic acid. The percarbonate of mercury 
is of a reddish colour, and very easy of decomposition. 


Mercury AND Cyanocen. Bicyanuret or Mercury. (hg +2 cy.) 
——-There is no compound of 1 atom of mercury and 1 of cyanogen (in our 
equivalents), and which would correspond with the protoxide and proto- 
chloride. When a protosalt of mercury is added to hydrocyanie aeid, 
metallic mercury is set free, and a bicyanuret is formed. There are 
several processes in common use for the preparation of this bicyanu- 
ret: 1. By boiling 1 part of finely-powdered peroxide of mereury with 2 
of pure Prussian blue in 8 parts of water, a solutioii is obtained, which, 
if filtered while hot, depos sits, on cooling, crystals of the bicyanuret. 2. 
When peroxide of mercury is brought at the contact of the vapour of 
hydrocyanic acid they act intensely upon each other, and water and bicy- 
anuret of mercury are immediately formed. The attraction of mercury 
for cyanogen is so strong, that peroxide of mercury decomposes nearly all 
the metallic cyanurets, not excepting that of potassium; but the salts of 
palladium decompose the cyanuret of mercury. 3. Peroxide of mercury 
may be digested in aqueous hydrocyanic acid; the oxide, in very fine 

_ powder, may be agitated and left in contact with the acid till its odour is 
lost; more of the acid is then added to the decanted liquid, and on 
-€vaporation the bicyanuret is obtained. Graham recommends Winkler’s 
process: 15 parts of ferrocyanuret of potassium, 13 of sulphuric acid, and 
100 of water, are distilled by a moderate heat nearly to dryness, the 
vapour being condensed into 30 parts of water: a portion of the resulting 
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acid is put aside, and the remainder mixed with 16 parts of finely-pow- 
dered peroxide of mercury, and agitated till the odour of the acid disap- 
pears: the solution is then poured off from the undissolved oxide, and 
the reserved portion of the acid added to it; this is done to saturate a 
portion of oxide of mercury which the cyanuret dissolves in excess: 12 
parts of cyanuret of mercury are then obtained by evaporation. 4. Toa 
solution of 2 parts of ferrocyanuret of potassium in 15 of boiling water, 
add 3 parts of dry persulphate of mercury; boil for 15 minutes, and filter 
off the clear liquid whilst hot: as it cools, bicyanuret of mercury crystal- 
lizes, which must be purified by a second crystallization: evaporate the 
mother liquid to dryness and digest the residue in alcohol, which takes 
up a further quantity of bicyanuret. In this process there is a mutual 
decomposition of 2 equivalents of cyanuret of potassium (of the ferrocy- 
anuret) and 1 of persulphate of mercury, into bicyanuret of mercury and 
sulphate of potassa; cyanuret of iron is at the same time precipitated. 
(Liste. ) 

Bicyanuret of mercury forms anhydrous prismatic crystals, their pri- 
mary form being a right square prism (Brooke, Ann. of Phil., 2nd series, 
vi. 42), nearly colourless, or of a pale buff colour, at first transparent, 
pe:manent in the air, poisonous, and of a nauseous metallic taste: they 
dissolve in 8 parts of water at 60°, but in less boiling water, and are 
soluble in alcohol. 

This salt is decomposed by heat, as in the process for obtaining 
cyanogen, and a black matter remains in the retort, which, according to 
Johnston, is paracyanogen. If distilled with hydrochloric acid, hydro- 
eyanic acid and chloride of mercury are formed: it also is decom- 
posed by hydriodic acid and by sulphuretted hydrogen, an iodide and a 
sulphuret of mercury, and hydrocyanic acid, being formed. Nitric acid 
dissolves it without decomposition. It is decomposed when heated with 
sulphuric acid. The alkalis do not act upon this cyanuret. It slowly 
absorbs a small portion of ammoniacal gas. Bicyanuret of mercury con- 
sists of 


Gay Lussac. Porret. 
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Bicyanuret of mercury 252 100-00 10000 


OxicyANURET OF Mercury.—When a solution of bicyanuret is boiled 
with excess of peroxide of mercury, a compound is obtained in acicular 
crystals, on evaporation, which is more soluble than the bicyanuret, and 
has an alkaline reaction on vegetable colours. The formation of this and 
the succeeding compound must, as already stated, be avoided in prepar- 
ing bicyanuret of mercury. This salt is a tribasic cyanuret of peroxide of 
mercury (hg +2 cy) +3 (hg +20). (Kunn.) When strong aqueous 
hydrocyanic acid is agitated-with excess of peroxide of mercury, a white 
salt is formed, which may be separated by boiling water, and which 
crystallizes on cooling in transparent four-sided acicular prisms. When — 
gently heated it blackens and explodes: it is a compound of 1] atom of 


‘et with 1 of peroxide of mercury. (Jonnston, Phil. Trans., 
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Hyprarco-cyanurets.—These compounds are formed by digesting 
bicyanuret of mercury in solutions of eyanuret of potassium, sodium, cal- 
cium, barium, &c. The hydrargo-cyanure! of potassium yields octoédral 
crystals, which contain 1 atom_of cyanuret of mercury + 2 of the alka- 
line cyanuret. 

Bicyanuret of mercury also forms compounds with chlorides, iodides, 
bromides, and with several oxisalts. When bicyanuret of mercury and 
jodide of potassium are mixed in solution, pearly crystals fall, which, 
when redissolved, yield large thin brilliant plates, requiring 16 parts of 
water at 60° for their solution. They are decomposed by heat, and 
leave a residue of iodide of potassium and charcoal. (Ann, de Ch. et Ph., 
xix. 220.) : 


Futminating Mercury. Fouiminare or Mercury. 2(hg +0)+ 
(2 CY +20).—This compound was discovered by Mr. Howard. (Phil. - 
Lrans., 1800, p. 214.) It is prepared by dissolving 100 grains of mer- 
cury in a measured ounce and a half of nitric acid, aided by heat. This 
solution is to be poured, when cool, into two measured ounces of alcohol 
in a glass basin, and gently warmed: it soon begins to effervesce and 
evolve ethereal vapour, and if the action is too violent, it must be quelled 
by cooling the vessel, or by the addition of a little cold alcohol. During 
this action a yellow-gray precipitate falls, which is to be immediately 
separated by decantation and filtration, washed with small quantities of 
distilled water, and carefully dried at a heat not exceeding 100°. ‘The 
above quantity of mercury yields about 120 grains of the powder when 
the operation has been most successful. If the product is mixed with 
metallic mercury, it may be purified by solution in boiling water, from 
which it is deposited im silky acicular crystals. (Sce p. 564.) 

This compound, when heated to about 300°, explodes with a bright 
flame: it also detonates by friction, by the electric spark, and by contact 
of concentrated sulphuric and nitric acids: the gases evolved by its 
explosion are carbonic acid, nitrogen, and the vapour of mercury. Liebig 
and Gay Lussac have furnished some curious facts towards the 
history of this compound (Ann. de Ch. et Ph., xxiv. and XXV.): it 
consists of 


- Protoxide of mercury 2 . 416 . 86.0 2.416 . 86 
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__ Ferrocyanuret or Mercury.—When any solution of a mercurial 
salt is mixed with ferrocyanuret of potassium, a white precipitate falls, 
which decomposes spontaneously into cyanuret of iron, and cyanuret of 
mercury; the latter is dissolved, and if a protosalt has been used, metallic 
mercury is also separated: these changes are accelerated by heat. 


SULPHOCYANURET OF Mercury.—When sulphocyanuret of potassium 

is mixed with protonitrate of mercury, a white precipitate falls. See 

- Wehler (Gits. Annalen, uxix.), and Berzelius (Lehrbuch), in reference 
to these compounds. 
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Borates oF Mercury.—When solution of protonitrate of mereury 
and of borate of soda are mixed and evaporated, small shining crystals of 
protoborate of mercury are obtained. Boracic acid occasions no precipt- 
tates in solution of pernitrate of mercury. The Perborate of Mercury 
has not been examined. : | 


Arsentate or Mercury.—Arsenic acid occasions a pale-yellow pre- 
cipitate in solution of protonitrate of mercury: arseniate of soda throws 
down a gray powder from the same solution, which, when dried, loses no. 
weight on the sand bath, and is therefore probably anhydrous. Arsenic 
acid forms a yellowish-white precipitate in solution of the pernitrate, and 
arseniate of soda throws down the same from a solution of corrosive sub- 
limate. When arsenic acid is heated over mercury, arsenious acid is 
sublimed, and the same yellow arseniate formed. (Tuomson.) The 
arseniates of mercury are soluble in excess of arsenic acid: they have not 
been analyzed. Arsenious acid produces white precipitates in both solu- 
tions. These precipitates are soluble in hydrochloric acid. 


Motyspate or Mrrcury.—Molybdie acid occasions a yellow preci- 
pitate in solution of protonitrate of mercury, easily soluble in nitric acid. 
Molybdate of potassa also throws down a yellow precipitate from the 
protonitrate, which is very sparingly soluble in water, and decomposed by. 
nitric acid. ; 

Curomate or Mercury.—Chromate of potassa throws down an 
orange-red precipitate from the solution of protonitrate of mercury: its 
colour is brightest when the solution is acid, but in that case a portion of. 
chromate remains dissolved. This salt is an excellent source of oxide of 
chromium, which remains when it is heated so as to expel mercury and 
oxygen. at 
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process is performed as follows:—A single and perfect sheet of tinfoil, of 
proper thickness, and somewhat larger than the plate of glass, is spread 
upon a perfectly plane table of slate or stone: mercury is then poured 
upon it, and rubbed upon its surface by a hare’s foot, or a ball of flannel, 
or cotton, so as to form a clean and bright amalgam; upon this, excess 
of mercury is poured, till the metal has a tendency to run off: he plate 
of glass, previously made quite clean, is then brought horizontally. 
towards the table, and its edge so adjusted, as by gradually and steadily 
sliding it forward, to displace some of the excess of mercury, and float 
the plate as it were over the amalgam, the dross upon its surface being 
pushed onwards by the edge of the glass, so that the mercury appears 
beneath it with a perfectly uniform, clean, and brilliant reflecting surface: 
a number of square-weights, of 10 or 12 Ibs. each, are now placed side 
by side upon the surface of the plate, so as entirely to cover it, and press 
it down upon the amalgamated surface of the tin; in this way the excess 
of mercury is partly squeezed out, and the amalgam is made to adhere 
firmly to the glass. The mercury, as it runs off, is received into a chan- 
nel on the side of the table, which is slightly inclined to facilitate the 
drainage, and in about 48 hours the weights are taken off and the plate 
is carefully lifted from the table and set nearly upright, by which the 
adhering mercury gradually drains off, and the solid crystalline amalgam 
remains, perfectly and uniformly adhering to the glass. Cadmium and 
mercury unite with great ease, and the amalgam crystallizes in octoédra, 
when composed of 100 mercury + 28 cadmium (an atom of each metal); 

it fuses at 167°. (Srromeyer.) The amalgams of cobalt and nickel have 
not been examined. Amalgam of copper may be made as follows:— 
To a hot solution of sulphate of copper, add a little hydrochloric acid 
and a few sticks of zine, and boil the mixture for about a minute; 
by this means the copper will be precipitated in a metallic state, and 
in a finely-divided spongy form: take out the zine, pour off the liquor, 

wash the copper with hot water, and pour upon it a little dilute 
nitrate of mercury, which will instantly cover every particle of copper 
with a coating of mercury: then add mercury to the amount of two or 
three times the weight of the copper, and a slight trituration will combine 
them so far. that the completion of the process may be effected by heating 
the mixture for a few minutes in a crucible. (Arxin’s s Dictionary, Art. 
Mercury.) Lead and mercury readily combine in all proportions: 3 
parts of mercury and 2 of lead form a crystallizable amalgam. Antimony 
amalgamates difficultly, and forms a granular compound. Sismulh and 
mercury readily unite: 2 parts of mercury poured into 1 of melted bis- 
muth form a compound which slowly solidifies and crystallizes. When 
mercury is combined with a little bismuth, lead may be added without 
greatly interfering with the fluidity of the compound. Dr. Thomson 
states that Beccher was the first who observed the remarkable fluidity of 
a mixture of 3 parts of mercury, | of lead, and | of bismuth, and that 
it may be squeezed through leather without decomposition: it is used 
for silyering the inside of glass balls which are previously made perfectly 
clean and warm. When mercury is adulterated, it is with these metals; 
but, the facility with which it then oxidizes, and the imperfect fluidity. of 
its small globules, render the fraud easy of detection, The action: of 
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mercury on the other metals which have been described has not been 
examined, with the exception of that on tellurium and arsenic. With 
tellurium, it forms a granular compound: with arsenic, a gray amal- 
gam of 5 parts of mercury and | of arsenic: the metals require to be 
stirred together for some hours over the fire. Dumas suggests the 
examination of the action of arsenuretted hydrogen on the chlorides of 
mercury. 


Amaicam oF AMMoniuM. MeETALLIZATION oF Ammonra.—It was first 
observed by Berzelius and Pontin that when mercury is negatively elec- 
trized in a solution of ammonia, or of an ammoniacal salt, or when an 
amalgam of potassium and mercury is placed upon moistened sal-ammo- 
-niac, the metal increases in volume, and becomes of the consistency of 
butter, an appearance which has sometimes been called the metallization 
of ammonia. If mercury which has been amalgamated with about a 


fiftieth part of potassium be made the negative electrode in a solution 


of sal-ammoniac, the effect is produced to its greatest extent; the 
mercury puffs up to 0 or 100 times its original volume, and if, in 
this state, it be cooled to 32°, it crystallizes in cubes; the amalgam is 
lighter than water, but when left to itself, it gradually shrinks back again 
into mercury, evolving aimmonia and hydrogen, not exceeding in weighta 
seventy-thousandth of that of the amalgam, and yet conferring upon it 
the semifluid or solid state, and susceptibility of crystallization; according 
to Gay Lussac and Thenard, the volume of the hydrogen is 347, and of 
the ammonia 422, to 100 volumes of mercury.’ These extraordinary 
phenomena have suggested several hypotheses concerning the nature of 
ammonia and its components, and also of the metals, respecting which 
the reader may consult Gay Lussac and Thenard (Recherches Phystco- 
Chimiques, vol. i.), who, finding the amalgam resolvable into mercury, 
ammonia, and hydrogen, regard it merely as a compound of those sub- 
stances; and Berzelius (Lehrbuch, i.), who considers the appearances as 
resulting from the combination of a metal, which he terms ammonium, 
with the mercury; this view of the subject gave rise to what has been 
called the ammonium theory, as has previously been explained (p. 436). 


CHARACTERS OF THE Satts of Mrrcury.—The soluble salts of the 
proloxide are mostly white, and of a metallic and nauseous taste. Some 
of them, when neutral, are resolved by water into basic and acid salts. 
Phosphorous and sulphurous acids, and protochloride of tin, precipitate 
metallic mercury: the caustic alkalis throw down a black powder; the 
carbonated alkalis, yellow or brown; the phosphates, white, even in very 
dilute solutions; sulphuretted hydrogen and the hydrosulphurets, black; 
hydriodic acid and the iodides, dingy green or yellow; hydrochloric acid 
and the chlorides, white and curdy; the alkaline chromates, red; ferro- 
cyanuret of potassium, white; the oxalates, white, even when very dilute; 
tincture of galls, brownish-yellow. The soluble salts of the peroxide of 
mercury are mostly white when neutral, yellow when basic; they are 


poisonous, and nauseously metallic to the taste, and are often resolved by 


water into acid and basic salts. Ammonia and carbonate of ammonia 
produce white precipitates; iodide of potassium, a red; and infusion of 
galls, an orange precipitate. Unless in concentrated solution they are not 
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affected by hydrochloric or oxalic acids. Metallic mercury is precipitated 
from all its solutions bya plate of clean copper. The presence of organic 
substances interferes considerably with the appearances produced by some 
of the above tests; hence, in cases of poisoning by corrosive sublimate, 
peculiar precautions are sometimes required, and in all cases the pre- 
_ cipitate should be collected and heated in a tube with a little white 
flux, or some such reducing agent, so as to separate metallic mercury, 
the microscopic globules of which are easily sublimed and discerned. 
(See Cunistison on Poisons, and Rosn’s Analytical Chemistry.) The inso- 
luble mercurial salts are mostly volatilized at a red heat, and they are all 
decomposed, with the production of metallic mercury, when mixed with a 
little carbonaceous matter, and heated ina glass tube. 


§ XXXI. SILVER. 


Tus metal, the Luna or Diana of the alchemists () ), was known at a 
very remote period; it is mentioned in the book of Job: it is found native, 
and in a variety of combinations; the most common of which is the sul- 
phuret. 

Native Silver has the general characters of the pure metal. It occurs 
in masses; arborescent; capillary;:and, sometimes, crystallized in cubes 
and octoédra. It is seldom pure, but contains small portions of other 
metals, which affect its colour and ductility. It is chiefly found in primi- 
tive countries. In Peru and Mexico are the richest known mines of 
native silver. The mines of Saxony, Bohemia, and Swabia, and those of 
Kongsberg in Norway, are the richest in Europe. It has been found in 
Cornwall and Devonshire. 

Pure Silver may be procured by dissolving the standard silver ofe com- 
merce in pure nitric acid, diluted with an equal measure of water. Im- 
merse a plate of clean copper into the solution, which soon occasions a 
precipitate of metallic silver; collect it upon a filter; wash it with solution 
of ammonia, and then with water, and fuse it into a button. 

It may also be procured by adding to the above solution of stdnmavd 
_ silver, a solution of common salt; caltedl wash, and dry the precipitate, 
and gradually add it to twice its weight of fused: carbonate of potassa in a 
red-hot crucible. Metallic silver is separated, and may be fused into a 
button. 

Silver is of a more pure white than any other metal; it has considera- 
ble brilliancy, and takes a high polish. Its specific gravity varies between 
10:4, which is the density of cast silver, and 10:5 to 10°6, which is the 
density of rolled or stamped silver. The specific heat of pure silver is 
0°05701. (Reenavtt.) It is so malleable and ductile, that it may be ex- 
tended into leaves not exceeding a ten-thousandth of an inch in thickness, 
and drawn into wire infinitely finer than a human hair. Silver melts ata 
bright red-heat, estimated by Mr. Daniell at 1873° of Fahrenheit’s scale, and 
when in fusion appears extremely brilliant. It resists the action of air at 
high temperatures for a long time, and does not oxidize; the tarnish of 
silver is occasioned by sulphuretted hydrogen; it takes place very slowly 
upon the pure metal, but more rapidly upon the alloy with copper used 
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for plate, and was found by Proust to be sulphuret of silver. Pure water 
has no effect upon the metal; but if the water contain vegetable or animal 
matter, it often slightly blackens its surface, generally in consequence of 
the presence of sulphur. If an electric discharge be passed through fine 
silvyer-wire, it burns into black powder, which is probably an oxide of silver. 
In the Voltaic circle it burns with a fine green light, and throws off 
abundant fumes. Exposed to an intense white-heat in the open fire, it boils 
and evaporates, but in close vessels it is not sensibly volatile. If suddenly 
cooled, it crystallizes during congelation, often shooting out like a cauli- 
flower, and spirling or throwing small particles of the metal out cf the’ 
crucible. This arises, according to Lucas, from the sudden escape of 
oxygen, which the metal absorbs and retains whilst fluid, but suddenly 
gives it off when it solidifies: this property of absorbing oxygen is pre- 
vented by the presence of a quantity of copper, not exceeding 5 per cent, 
When nitre is. thrown upon melted silver in a crucible, and the whole 
retained for about half an hour in fusion, it absorbs 20 times its volume 
of oxygen, which is given out on plunging the fused metal under a bell 
jar filled with water. . 

The analyses of the compounds of silver furnish data from which its 
equivalent may be estimated at 108, (108 Gmemin, Parties, and TuRNER, 
108°3 Granam, 110 THomson, 107°97 Penny.) 


Repvuction oF Sirver Ores.—Silver is not unfrequently obtained in 
considerable quantities from argentiferous sulphuret of lead, which is 
reduced in the usual way, and the argentiferous lead is then fused ina 
shallow dish, placed in a reverberatory furnace, with a current of air 
constantly passing over its surface; in this way the lead is converted into 
litharge, and the silver, not being thus oxidized, is left in the metallic 
state; it is fused in a porous crucible, called a cupel or test, by which the 
remaining lead is entirely separated, and a button of pure silver remains, 
The litharge which results from this operation is afterwards itself reduced 
by charcoal, and furnishes lead which is almost free from silver, the ordinary 
lead of commerce generally containing a trace of the latter metal, and being 
consequently unfit for certain purposes of the arts, especially for the 
manufacture of white-lead (p. 846). Some of the silver ores, especially 
the sulphurets, are reduced hy amalgamation. The ore, when washed 
and ground, is mixed with a portion of common salt and roasted: during 
this operation sulphate of soda and chloride of silver are formed: the 
product is then powdered, and agitated with mercury, water, and filings 
or fragments of iron; in this operation the chloride of silver is decomposed, 
chloride of iron is formed which is washed away, and the silver and mer- 
cury combine into an amalgam, from which the excess of mercury is first 
squeezed out in leather bags, and the remainder driven off by distillation, 
The old process of eliquation is now scarcely used: it consisted in fusing 
alloys of copperand silver with lead; this triple alloy was cast into round 
masses, which were set in a proper furnace upon an inclined plane of iron 
with a small channel grooved out, and heated red-hot, during which the 
lead melted out, and in consequence of its attraction for silver, carried 
that metal with it, the copper being left behind in a reddish-black spongy 
mass. (AIKIN’s Dictionary, Art. Sirver.) 


<< 
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_ QOxipes oF Sirver.—There are three oxides of this metal, a suboxide, 
a protoxide, and a binoxide; of these, the protoxide only forms perma- 
nent and definite saline combinations. 


SuBoxIDE oF SILVER. (2 49 + 0.)—This oxide was first obtained by 
Faraday, by exposing an ammoniacal solution of the protoxide to the 
action of air; it separates in the form of a black film. (Quarterly Journal, 
y. 368.) Wohler obtained it by the action of hydrogen on citrate of sil- 
ver at the temperature of 212”; the protoxide contained in that salt loses 
under such circumstances half of its oxygen, and the suboxide remains 
combined with half of the acid. ‘ The solution in water of the suboxide. 
salt is dark-brown, and the suboxide is precipitated black from it by 
potash; when the solution of the subsalt is heated it becomes colourless, 
and metallic silver appears in it; the salt dissolves of a brown colour in 
ammonia. Several other salts of silver, containing organic acids, compor t 
themselves in the same way as the citrate when heated in hydrogen.” 
(GraHamM.) ? 


Protox1pE oF SitvER (@9 +0) or Ac, may be obtained by adding 
lime or baryta-water, or dilute solution of potassa, to the solution of 
nitrate of silver, and washing the precipitate. Itis of a dark olive colour, 
anhydrous, tasteless, but soluble, according to Graham, to a small extent 
in pure water free from saline matter, and, like oxide of lead, has when 
in solution an alkaline reaction. When gently heated, it is reduced to 
the metallic state; long exposure to light also reduces it, converting it into 
a black powder, which is either silver or its suboxide. It confers a yel- 
low colour upon glass, and is employed in enamel and porcelain painting. 
Its specific gravity is 7-14 (Heraratn). It consists of 

: Gay Lussac 
Berzelius. Davy. and Thenard. 
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Protoxide of silver 


Preroxipe or Sirver. (9+20.)—Ritter, by electrizing a weak 
solution of silver, observed the deposition of acicular crystals at the posi- 
tive pole, which, according to Grotthuss, dissolve in nitric acid, without 
decomposition, and are a peroxide of silver. Ammonia energetically 
decomposes this compound, and sulphuric and phosphoric acids convert it 
into the protoxide. (GrHLEn’s Journ., ili.) 


AMMONIURET OF SitverR. ARGENTATE oF AMMontA.—Oxide of silver 
readily dissolyes in ammonia, and, by particular management, a fulminal- 
ing silver, composed probably of the oxide combined with ammonia, may . 
be obtained. It was discovered by Berthollet. (Ann. de Ch.,i.) The best 
process for preparing it is to pour a small quantity of liquid ammonia upon 
the oxide; a portion is dissolved, and a black powder remains, which is 
the detonating compound; it is also precipitated by potassa from the 
ammonio-nitrate of silver. It explodes when gently heated; nitrogen 
and water are instantaneously evolved, and the silver is reduced. The 
oxide of silver should be perfectly pure and thoroughly edulcorated, and 
the ammonia quite free from carbonic acid. It should only be prepared 
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in small quantities, and handled with the greatest caution, many accidents 
haying arisen from its careless management. It sometimes explodes 
while still wet. It is soluble in ammonia: it is immediately decomposed 
by hydrochloric acid, which forms chloride of silver and sal-ammoniac; 
and by sulphuretted hydrogen, which forms sulphuret of silver, and hydro- 
sulphuret of ammonia; with sulphuric acid, it affords sulphate of silver, 
and of ammonia, but nitrogen is also evolved. The real nature of this 
compound is probably not at present understood. 


CuLorie or Sitver. (9 +C.)—This compound is easily procured 
by adding a solution of chlorine, of hydrochloric acid, or of common salt, 
to a solution of nitrate of silver, or, indeed, to any of the soluble salts of 
silver, with the exception of the hyposulphite. It falls in the form of a 
curdy precipitate, of a white colour, but which, by exposure to light, 
becomes brown, and ultimately black. This happens even in diffused day- 
light, but in sunshine the change is extremely rapid, more especially if any 
trace of organic matter be present. This property of the chloride has led 
to its application for purposes of photogenic drawing. (See Nitrate of Silver.) 
When a small quantity of chloride of mercury is precipitated along with 
the chloride of silver, the blackening effect of light is greatly diminished. 
It is perfectly insoluble in water; so that the minutest portion of hydro- 
chloric acid, or of a chloride in solution, may be detected by adding to the 
liquid a drop or two of nitrate of silver; it becomes opalescent and gray 
or brown by exposure to light. It is sparingly dissolved by concentrated 
hydrochloric acid, and thrown down upon dilution: when the hydrochloric 
solution is carefully evaporated, the chloride is deposited in the form of 
octoédral crystals. It is insoluble in nitric acid, and in cold: sulphuric 
acid, but when boiled in sulphuric acid, it is very slowly decomposed. 
When dry chloride of silver is heated to dull redness in a silver crucible,: 
it does not lose weight, but fuses, and, on cooling, concretes into a gray 
semitransparent substance, (sp. gr. 5°45,) which has been called horn 
silver, or luna cornea. If slowly cooled, Proust has remarked that it has 
a tendency to octoédral crystallization. Heated to a bright red or white 
heat in an open vessel, it volatilizes in dense white fumes. Scheele was. 
the first who examined the cause of the blackening effect of light upon 
this chloride, and the curious results of his researches have already been 
referred to (p. 200). He found that the metal was partially reduced, 
and hydrochloric acid formed; hence moisture is necessarily present. 
Seebeck found that white chloride of silver might be exposed, without 

change of colour, when covered in a stopped phial, with sulphuric acid; 
but if the phial was open, the blackening ensued; as it did also when 
water was added. Hydrogen gas, and substances affording hydrogen, 
decompose moist chloride of silver: they reduce it to the metallic state, 
and the chlorine is carried off in the form of hydrochloric acid; in the 
dark, perfectly pure hydrogen does not discolour the chloride. — 

If fused with twice its weight of potassa or soda, chloride of silver is 
decomposed, and a globule of metallic silver is obtained. This reduction 
is best effected by projecting the dry chloride upon twice its weight of 
fused carbonate of potassa, or upon the fused mixture of the carbonates 
of potassa and soda. It is also rapidly decomposed, when moist, by tin 
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and zinc, and by many of the other metals, especially if a little hydro- 
chloric acid be added. Triturated with zinc-filings and moistened, the 
heat produced is so considerable as to fuse the resulting alloy of zinc and 
silver, (Farapay, Quarterly Journal of Science and Arts, viii. 374.) 
When a lump of chloride of silver is put with zinc or iron filings into 
diluted sulphuric acid, the reduced silver retains the original form of the 
chloride, the evolved hydrogen therefore appears to be the reducing agent. 
Chloride of silver is not reduced when heated with pure carbon, but the 
ordinary charcoals decompose it in consequence of their containing 
hydrogen. 

Chloride of silver is very soluble in ammonia, a circumstance by 
which it is usefully distinguished from some other chlorides, which, like 
it, are white, and formed by precipitation; but we should be cautious 
im applying heat to the ammoniacal solution, as it sometimes forms a 
precipitate of fulminating silver: it also furnishes crystals which are 
often explosive, and which, when exposed to air, or put into water, lose 
their transparency, evolve ammonia, and crumble into chloride of silver. 
The fused chloride, exposed to ammoniacal gas, absorbs a considerable 
portion, which is given off by heat. Ifthe dry chloride, thus saturated with 
ammonia, be thrown into chlorine, the ammonia spontaneously inflames. 
(Farapay, Journal of Science and Arts, v.75.) Chloride of silver is solu- 
ble in and decomposed by all the liquid hyposulphites: it is also soluble in 
a solution of sal-ammoniac, and of the chlorides of potassium and sodium, 
and these solutions may be used in the process of silvering copper or 
other metals: they afford double chlorides on evaporation, which may be 
obtained crystallized, but which have not been examined in detail: they 
are decomposed by water. 

As chloride of silver is insoluble in water, and very readily formed, it 
is often employed in quantitative analysis, as a means of ascertaining the 
proportion of chlorine present in various compounds. In these cases 
some excess of the precipitant should be used, and the precipitate allowed 
to subside previous to separating it upon the filter: if the supernatant 
liquor become perfectly clear, the whole of the silver has fallen; if it 
remain opalescent, a portion is probably still retained. When the preci- 
pitate remains long suspended, its deposition may be accelerated by heat, 
or by adding a little nitric acid. The chloride in these cases should be 
perfectly dried in a silver crucible, up to incipient fusion. 

Chloride of silver consists of Ee tor ny ilecetata 

Bucholz. Rose. Berzelius. Gay Lussac. J. Davy. Turner. 
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Native Chloride of Silver has been found in most of the silver- 
mines; if occurs massive, and crystallized in small cubes and octoédra, 


CuHLoRATE or Sitver (Ac +C/) is formed by digesting oxide of silver 
in chloric acid: it forms small rhombic crystals, which; by the action of 

chlorine, are converted into chloride of silver. They are soluble in 4 
parts of water at 60°. (CHEnEvIx. V AUQUELIN.) . ; 
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Toprpr or Sirver (Ag + 2) is precipitated upon adding hydriodic acid, 
or a soluble iodide, to a solution of nitrate of silver. It is of a dingy- 
yéllow colour, insoluble in water, and decomposed when heated with 
potassa: It is particularly characterized by being insoluble in ammonia. 
When fused it acquires a red colour. It volatilizes before the blowpipe, 
leaving a little silver only behind. It is discoloured by light. (In refer- 
erice to the use of iodine and iodic compounds in photogenic drawing, see 
Sir J. Hrrscuzt, Phil. Trans.,1840: also Mk. R. Hunt’sand Mr. Atrrep 
Taytor’s Pamphlets.) Concentrated nitric and sulphuric acid decompose 
+t. It dissolves in concentrated solutions of the alkaline chlorides, and 
combines also with iodide of potassium and the other alkaline and earthy 
iodides. A thin film of iodine upon a plate of silver is used in Da- 
guerre’s photographic process, the plate of silvered copper intended to 
receive the image in the camera being prepared by exposing it ina box 
containing iodine: the light seems to act upon this film rather than upon 
an iodide of silver. It consists of 


ST RED eae (ie tee 3 
Wing 207. done BG Pes 


_— —— 


Jodide of silver 1 234 100°0 


Native Iodide of Silver has been found in some of the Mexican ores, 
associated with native silver, sulphuret of lead, and carbonate of lime: 
it was analyzed by treating it first with acetic acid which abstracted the 
carbonate of lime; then by nitric acid, to remove the native silver and 
leave a mixture of suiphate of lead with the iodide of silver: the latter is 
decomposed by heating it in a current of dry chlorine; chloride of iodine 
passes off and chloride of silver remains. (Vavquetin. Dumas.) 


fopate or Sitver (Ac +7’) is precipitated in the form of a white 
powder by adding iodic acid or iodate of potassa to a solution of nitrate 
of silver. It is very soluble in ammonia. It is decomposed by sulphu- 
yous acid, which throws down iodide of silver, and becomes sulphuric 
acid. (Gay Lussac.) 

BroMIDE OF SILVER (ag +) is an insoluble yellowish substance 
thrown down upon the addition of bromine, or hydrobromic acid, or the 
soluble bromides, to nitrate of silver: it is fusible, and like the chloride 
it dissolves in ammonia (BaLarp, Ann. de Ch. et Ph., xxxii. 361): it 
consists of 4 
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BRoMATE oF Siver, not described. 


F FLvoRIDE oF SILVER (ag + ft ) is a soluble compound, which does not 
crystallize, When heated it fuses; and at a higher temperature, and ex- 
posed to air, it is slowly reduced. (Burzexics, Ann. de Ch. et Ph., xi. 121.) 


Nitrite or Sinver.—This salt is obtained by boiling powdered silver 
in nitric acid already saturated with silver: or nitrate of soda may be 
fused till converted into nitrite, when it precipitates silver brown; if this 
salt be then dissolved in boiling water, precipitated by nitrate of silver, 
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and thé solution filtered while hot, nitrite of silver separates a8 the solu: 
tion cools; it requires 120 parts of water at 60° for its solution. (Séé 
Proust's Paper in Nicnotson’s Journal, xv. 376.) 


Nirrate or Strver. (Ae+/.)—Nitric acid, diluted with 3 parts 
of water, readily dissolves silver, with the disengagement of nitric oxide 
gas. Ifthe acid contain thé least portion of hydrochloric acid, the solution 
will be turbid, and deposit a white precipitate; and if the silver contain 
copper, it will have a permanent bluish hue; or if gold, that metal will 
remain undissolved in the form of a black powder. 

The solution of nitrate of silver should be perfectly clear and colour- 
less; it is caustic, and tinges animal substances of a deep yellow, which, 
by exposure to light, becomés a deep purple, or black stain, and is indeli- 
ble, or peels off with the cuticle: it consists of reduced silver. Nitrate of 
silver may be obtained in white anhydrous crystals, in the form of four 
and six-sided tables or thin plates: by slow evaporation it forms right 
rhombic prisms. (Brooxr, Ann. of Phil., 2nd series, vii. 162.) They 
have a bitter and metallic taste, and are soluble in about their own weight 
of water at 60°, and half their weight at 212°. Alcohol also dissolves 
about one-fourth its weight of this salt, at its boiling-point, but deposits 
nearly the whole as it cools. The solution of this salt is quite neutral to 
the test of litmus. According to Proust (Nicnotson’s Journal, xv. 376), 
a solution of this nitrate, when boiled with finely-divided silver, dissolves 
a portion, and yields a solution containing a suboxide of silver, but no sub- 
nitrate of silver has been formed. 

Nitrate of silver blackens when exposed to light, and when thus 
acted upon, is no longer perfectly soluble in water, owing to the separation 
of a portion of metallic silver. When heated in a silver crucible it fuses 
into a gray mass, and if cast into sthall cylinders, forms the lapis infer- 
nalis, or lunar caustic of pharmacy; the argenti nitras of the Pharma- 
copeia. In forming this preparation, care should be taken not to overheat 
the salt, so as to blacken it, and the moulds should be warmed. Exposed 
to a red heat, the acid is partly evolved and partly decomposed, and 


metallic silver obtained. Sulphur, phosphorus, charcoal, hydrogen, and 


several of the metals, decompose this nitrate. A few grains mixed with 
a little sulphur, and struck upon an anvil with a heavy hammer, produce 
a detonation; phosphorus occasions a violent explosion when about half 
a grain of it is placed upon a crystal of the nitrate, upon an anvil, and 
struck sharply with a hammer; and if heated with charcoal it deflagrates, 
and the metal is reduced. 

If a piece of silk dipped into a solution of nitrate of silver be exposed, 
while moist, to a current of hydrogen gas, it is first blackened, and afterwards 
becomes iridescent from the reduction of portions of the metal. (Mrs. 
Forname’s Essay on Combustion.) Ivory, marble, and several other bodies, 
may be stained black, or even silvered, by soaking them in a solution of 
nitrate of silver, and fully exposing them to the action of the sun’s rays. 
When the vapour of pure distilled water is made to pass through hitrate 
of silver, the solution assumes all the shades between yellow and dark- 
brown, according to its concentration and the time the steam has passed 
through it. When it has acquired the temperature of 212°, its colour 
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increases rapidly. Nitric acid immediately destroys this colour, the cause 
of which is referred by Pfaff to the deoxidizing agency of the steam. 
(Quarterly Journal, xvi. 162.) A stick of phosphorus, introduced. into 
a solution of nitrate of silver, soon becomes beautifully incrusted with the 
metal, which separates upon it in arborescent crystals. A plate of copper 
occasions a brilliant precipitation of crystalline silver, and the copper is 
oxidized and dissolved by the acid. Mercury introduced into the solution 
of nitrate of silver, causes a beautiful crystalline deposit of silver, called 
the arbor Diane: it was first remarked by Lemery. To obtain this 
crystallization in its most perfect state, the solution should contain a 
little mercury, and the mercury put into it should be alloyed with a little 
silver, Baume directs an amalgam of 1 part of silver with 7 of mercury, 
of which a small piece is to be introduced into a solution composed of 6 
drachms of saturated nitrate of silver and.4 drachms of a similar solution 
of mercury diluted with 5 ounces of distilled water: a small flask or 
matrass should be used for the experiment, kept perfectly at rest: ina 
few minutes small filaments of silver darken the surface of the amalgam, 
and in about eight and forty hours the whole has separated in a shrub- 
like form. The addition of mercury to the solution, and of silver to the 
precipitating mercury, is said to give a degree of tenacity to the arborescent 
deposit of crystals, which prevents their falling to the bottom of the flask. 
The alkaline metallic oxides decompose nitrate of silver; it is also 
decomposed by hydrochloric, sulphuric, phosphoric, and boracic acids... 
The protosulphate of iron throws down metallic silver when added to a 
solution of the nitrate; protochloride of tin forms a gray precipitate, 
consisting of peroxide of tin and oxide of silver. Ammonia, added to 
solution of nitrate of silver, occasions a precipitate, soluble in excess of 
the alkali. (See Bertuotter’s F ulminating Silver, p. 802.) : 
Nitrate of silver is employed for writing upon linen, under the name 
of indelible or marking ink, which may be prepared by dissolving 2 
drachms of pure nitrate of silver and 1 drachm of gum arabic in 7 
drachms of distilled water, coloured by a little China ink. The prepara- 
tory liquid for moistening the cloth is made by dissolving 2 ounces of 
crystallized carbonate of soda and 2 drachms of gum arabic in 4 ounces 
of water. “For this ink, which is expensive, another liquid has been 
substituted by bleachers, namely, coal tar made sufficiently thin with 
naphtha to write with, which is found to resist chlorine, and to answer _ 
well as a marking ink.” (Granam.) Nitrate of silver is an ingredient in 
some of the liquids which are sold for the purpose of changing the colour 
- of hair. It is used in medicine; and in surgery, as an excellent caustic. 
When taken internally, a very disagreeable effect frequently follows its 
use, which is the discoloration of the rele mucosum; so that the whole 
surface of the body, and especially the parts most exposed to light, acquire 
a leaden-gray or livid colour, which is permanent, and can neither be ~ 
removed nor preyented. | 
Solution of nitrate of silver isa valuable test of the presence of chlorine, 
hydrochloric acid, and the soluble chlorides, with which it forms a white 
cloud when very dilute, but a flaky precipitate when more concentrated ; 
the precipitate is soluble in ammonia, but insoluble in nitric acid. Heat, 
agitation, or the addition of a few drops of nitric acid, so as to render the 
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liquid sour, facilitate the deposition of the precipitate. The hydriodic, 
hydrobromic, and hydrocyanic acids, also occasion white precipitates in 
solution of nitrate of silver, which blacken by exposure to light. Its ap- 
plication as a test for arsenic and arsenious acids has already been noticed. 
Gallic and tannic acid, and the varieties of extractive matter, discolour 
nitrate of silver without the aid of light. A peculiar extractive matter 
sometimes occurs in rough nitre, which also causes its solution to blacken 
nitrate of silver. Some spring and mineral waters contain a substance 
producing a similar effect. 
Nitrate of silver is an anhydrous salt, composed of 
Proust. 
Oxide ofsilver,- bo. « JIG; .. 6.6824 ,.. «69°56 
Witricacid.. . 16,2 54 . .. SIGE 2. SOS 
1 


———— 


Nitrate of silver 170 100-00 100°0 


AMMONIO-NITRATE OF SiLveR.—Ammonia is rapidly absorbed by 
nitrate of silver, with the production of heat sufficient to fuse the com- 
pound, which is white, coherent, and consists of 100 parts of the nitrate 
+29°5 ammonia. Mitscherlich has described an analogous compound 
formed in the humid way. (Ann. de Ch. et Ph., uxii. 314; Poggend. 
Ann., ix. 413.) An ammonio-nitrate of silver is also obtained when 
ammonia is added to a solution of nitrate of silver till the first-formed 
precipitate is entirely redissolved. ‘This solution forms a good marking 
ink, and has also been used in the preparation of paper for photogenic — 
drawing. 


Sutpuurer oF Sinver. (@9+S.)—Silver readily combines with 
sulphur, and produces a gray crystallizable compound, considerably more 
fusible and much softer than silver. It may be obtained by heating 
finely-divided silver or plates of silver with sulphur. Its density is 7°2. 

Sulphuretted hydrogen and hydrosulphuret of ammonia occasion a 
copious black precipitate of sulphuret of silver when added to solutions 
of the metal: sometimes a portion of the silver is apparently at the 
same time reduced to the metallic state. It is the presence of some form 
of sulphur, generally sulphuretted hydrogen, which occasions the tarnish 
upon silver, and which, though only superficial, is a great obstacle to 
many applications that might otherwise be made of this beautiful metal. 
Sulphuret of silver consists of 


Vauquelin, Berzelius. Wenzel. 
Silver . 108 Be (On edt ec OL OoeT? « (O0'D 
Sulphur IG. 32379e* 12°73. Pt, T206E. 4 aes 


ee 


Sulphuret of silver 124 100°0 100°00 100°000 100°0 


Native Sulphuret of Silver, or vitreous silver-ore, is found in various 
forms, and when crystallized is in cubes, octoédra, and dodecaédra. It 


is soft and sectile. The finest specimens are from Siberia. The method 


of its reduction has been above described. A triple combination of 
silver, antimony, and sulphur, constitutes the red or ruby silver-ore; it 
is found massive and crystallized in hexaédral prisms. It consists of 
about 70 parts of sulphuret of silver, and 30 of sulphuret of antimony; 
cr, according to Bonsdorff, of 3 atoms of silver, 2 of antimony, and 6 of 
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sulphur. Ti occurs in all the silver-mines, and is sometimes accornpanied 


by the britile sulphuret of silver, or silver glance, and by antimonial silver 


(20g -+an). 


_ Hyposvtenite or Sinver (Ac +8) has been examined by Herschel. 
(Edin. Phil. Journal, i. 26.) It is formed by dropping a weak solution 
of nitrate of silver into a very dilute solution of hyposulphite of soda: 
a white cloud is at first produced, which redissolves on agitation; on 
adding more of the precipitant, the cloud reappears and aggregates into 
a gray precipitate, which appears to consist of hyposulphite of silver; 
the supernatant liquor tastes intensely sweet, which is remarkable, con- 
sidering the disgusting bitterness both of the nitrate and of the hyposul- 


phite, and shows, “how little we know of the way in which bodies affect — 


the organs of taste. Sweetness and bitterness, like acidity, seem to 
depend upon no particular principle, but to be regulated by the state of 
combination in which the same principles exist at different times.” 
Hyposulphite of silver is also produced when chloride of silver is dis- 
solved in any of the hyposulphites; the solution is intensely sweet with- 
out any metallic flavour. These facts show the strong affinity that exists 
between oxide of silver and hyposulphurous acid. The solubility of 
argentine compounds in hyposulphites has led to an important application 
of them in photogenic drawing, for the purpose of fixing the designs, by 
the removal of all adhering or unchanged salt of silver. (See HEeRscunt, 
A. Taytor, &c.)  Hyposulphite of silver is very prone to decomposition, 
so as to form sulphate of oxide of silver, and sulphuret of silver; hence 
the occasional blackening of its solutions. 


HyposuLpHite or PotassA AND SiLvER is formed when liquid 
potassa is dropped into the solution of chloride of silver in hyposulphite 
of soda; it separates in the form of a copious precipitate, which, when 
washed and dried, is found to consist of small gray pearly scales; they 
are difficultly soluble in water; of a very sweet taste; and, heated before 


the blowpipe, afford a bead of silver. Several other analogous double — 


salts have been described by Herschel. 


SULPHITE oF Sirver (AG +8) is obtained in crystalline grains by 
digesting oxide of silver in sulphurous acid, or by adding an alkaline 


sulphite to a solution of silver. It produces double salts with the sul-_ 


phites of the alkalis. According to Fourcroy, it is not blackened by 
exposure to light, nor altered by air. 


HyposunPHate or Sinver (Ac+ 8’) is formed by digesting carbonate 
of silver in hyposulphuric acid: it crystallizes in permanent prismatic 


crystals, soluble in 2 parts of cold water, and contains 2 proportionals of — 


water of crystallization. Excess of ammonia added to a solution of this 
salt occasions a gradual precipitation of crystalline grains, consisting of 
an ammonio-hyposulphate of silver. (HEEREN.) 


SULPHATE oF SILVER (Aa-+ $) is deposited when sulphate of soda is : 


mixed with nitrate of silver. It is also formed by boiling silver with its 
weight of sulphuric acid. It forms a white saline mass, easily fusible. 
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It requires about 90 parts of water at 60° for its solution; in boiling 
water it is more soluble, and is deposited, as the solution cools, in small 
anhydrous prismatic crystals: it is decomposed at a red heat, and leaves 
metallic silver: it dissolves in sulphuric acid, and on moderate dilution 
the greater part of the salt again falls down; the best crystals of sulphate 
of silver are obtained from its solution in diluted sulphuric acid. 
+ Upon the large scale, small portions of gold may be most economi- 
cally: separated from large quantities of silver, by heating the finely 
granulated alloy in sulphuric acid: the gold remains in the form of a 
black powder, and the sulphate of silver may be decomposed by the 
action of metallic copper; the silver is precipitated in a pulverulent 
state, and, with a little borax or other vitrifiable flux, is fused, and cast 
into ingots: the sulphate of copper is easily pe ake. in the crystallized 
- State by evaporating the residuary liquid. 

A compound acid, which may be called tlbgili heenie, consisting of 
1 part of nitre dissolved ; in about 10 of sulphuric acid, dissolves silver at 
a temperature below 200°, and the solution admits bf moderate dilution 
before sulphate of silver separates from it. This acid scarcely acts upon 
copper, lead, or iron, unless diluted with water; it is, therefore, useful in 
separating the silver from old plated articles; the precious metal may 
afterwards be separated either in the form of chloride, by adding common 
salt; or by diluting the acid and continuing the immersion of the pieces 
of copper which have lost their silvering, and which will now dissolve in 
the diluted acid, and occasion the precipitation of metallic silver. (Kerr, 
Phil. Trans., uxxx.) 

Sulphate of silver consists of 


Oxide of silver Less. 116 74:4 
Sulphuricacid . 1 . . 40 . . 25° 
Sulphate of silver 1 156 100°0 


AMMONIO-SULPHATE OF SiLveER.—100 parts of sulphate of silver 
slowly absorb 11°82 of dry ammonia. In the humid way, Mitscherlich 
formed a double salt containing twice as much ammonia. (H. Ross, 
Ann. de Ch. et Ph., xii. 314.) 


ProsPHuRET OF SILVER (A497 +p) isa ev hilt brittle compound; it is 
formed either by projecting phosphorus upon red-hot silver, or by heating 
a mixture of 1 part of silver-filings, 2 of vitrified phosphigrie acid, and 05 
of charcoal. It loses its phosphorus when fused and exposed to air. 
Pelletier observed, in regard to this phosphuret, that the fused silver was 
capable of retaining a larger proportion of phosphorus in combination 

than after it had solidified; for the fused phosphuret, when it concretes, 
throws off a quantity of phosphorus, producing a brilliant combustion: 

there is an analogy between this effect and the similar absorption and 
evolution of oxygen. The concreted phosphuret consists of 108 silver + 
16 phosphorus. 


Hypvornosruite and Puospuite oF Sitver have not been examined; 
probably oxide of silver would be reduced by these acids. 
_ Puospnate oF Sirver.—When the neutral phosphate of soda is 


added to nitrate of silyer, a yellow anhydrous precipitate falls, which is 
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fusible at a white heat, and soluble in nitric acid, and in phosphoric acid, 
and quickly discoloured by exposure to light: its specific gravity is 7:3: 
when heated it becomes brown, but regains its yellow tint as it cools. 
It consists of 
mY Berzelius. 
Oxide.ofsilver .«¢.J# 2s ,1JA) « 27° 82°86 bes) 82975 

Phosphoricacid . 1... 36 . . 714 . «. 17°025 


Phosphate of silver 1 210 100-00 100°000 


When this salt is dissolved in phosphoric acid, a part of it is deposited 
in granular crystals, and by spontaneous evaporation of the residuary 
solution, white plumose crystals, probably of the neutral phosphate of 
silver, are deposited. 


PYROPHOSPHATE OF SILVER is the white precipitate thrown down from 
nitrate of silyer by pyrophosphate of soda: Stromeyer found in it 75°39 
oxide of silver’+ 24°61 pyrophosphoric acid; when it is boiled with 


phosphate of soda, yellow phosphate of silver and pyrophosphate of soda 
are formed. 


SsLENIURET oF Siver (@9+-S€), obtained by preeipitating nitrate 
of silver by seleniuretted hydrogen, is a black powder, which fuses into 
a globule having a metallic lustre. It consists of 73°16 silver + 26°84 
selenium. When silver is fused with selenium, a gray biseleniuret is 
formed, from which excess of selenium is expelled by heat. (Berzetius.) 


SeLENiTe oF Srnver is thrown down in the form of a white powder, 
very sparingly soluble in hot water. It is fusible, and at a high heat 
gives out selenious acid and oxygen, and leaves metallic silver. It is not 
discoloured by exposure to daylight. It may be obtained by boiling 
seleniuret of silver in nitric acid: as the solution cools the selenite is 
deposited in small crystals; or it may be thrown down, by dilution, in the 
form of a white powder. 


CARBONATE OF SILVER is precipitated in the form of a white insoluble 
powder, by adding carbonate of potassa to nitrate of silver. It blackens 
by exposure to light, and is easily decomposed by heat. Carbonate of 
ammonia only throws down a portion of the silver from the nitrate, and 
forms a triple ammonio-carbonate of silver. 


Borate oF SILVER is thrown down from the nitrate of silver in the - 
form of a white crystalline powder, by adding solution of boracic acid. 
It is very difficultly soluble in water, When a dilute solution of borax 
_ is added to nitrate of silver, oxide, and not borate of silver, is thrown 
down: a bibasic borate falls when the solutious are strong. (H. Rosg.) 


CyanureT oF Sitver. (A9+CY.)—Hydrocyanic acid causes a white 
precipitate in solution of nitrate of silver, which is cyanuret of silver, and 
which, when heated, fuses, and, at a high temperature, gives out cyanogen. 
Tt is insoluble in water and in fixed allcalis, but readily soluble in ammo-_ 
nia. It is easily decomposed by hydrochloric acid, and by sulphuretted 
hydrogen; but sulphuric and nitric acids scarcely act upon it, unless 
concentrated and heated. It dissolves in a strong solution of nitrate of 
silver, and forms a compound which may be crystallized, but which is 
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decomposed by solution in water. This cyanuret has a’ place in the 
- Pharmacopezia as an occasional source of hydrocyanic acid: it consists of 


pilver © pan f° 108 - 80°6 
Cyanogen .. » pile 26 - 194 


1 
1 


Cyanuret of silver 134 100°0 


The following diagram shows the theory of its decomposition by 
hydrochloric acid, together with the equivalents of the products :— 


54 
Nitric Acid. 
170 9 Water. 
NITRATE OF 
SILVER. 8 1 

Oxygen, Hydrogen, 

: 116 } WiFi 

Oxide of Silver. HyprocyrANIc 

ss ACID. 
108 26 

Silver. Cyanogen. 


ot ee 
134 Cyanuret of Silver. 

ARGENTO-CYANURETS.—Cyanurets of the alkaline bases form soluble 
double salts with cyanuret of silver; they are insoluble in alcohol, which 
throws them down from their aqueous solutions. The argento-cyanuret 
of potassium yields plumose colourless crystals: it produces precipitates ~ 
in many of the metallic solutions, which are insoluble argento-cyanurets, 
corresponding in composition with the ferrocyanurets. 

FERRocyANURET OF SILVER falls as a white powder when ferrocyanuret 
of potassium and nitrate of silver are mixed. 


SULPHOCYANURET OF SILVER falls in the form of a white curdy pre- 
cipitate when sulphocyanuret of potassium is added to nitrate of silver. 
It slowly blackens by exposure to light. It is insoluble in water, but 
soluble in ammonia, from which it crystallizes in brilliant white plates. 


CYANATE oF SILVER.—When cyanate of potassa is added to nitrate 
of silver a white powder falls, somewhat soluble in hot water, and soluble 
in ammonia, with which it forms a white crystalline compound, but from 
which the ammonia may be expelled by heat; it blackens when heated, 
and burns with deflagration, the products being cyanic acid, carbonic 
acid, nitrogen, and dicyanuret of silver. (LrtEBIG.) 

Funminate or Surver. Fuuminatine Sinver. 2(@9 +0) + (2 CY +20) 
or (2 AG +fi ul’).—This curious and dangerous compound is prepared as 
follows:—100 grains of fused and finely-powdered nitrate of silver are 
added to an ounce of warm alcohol, and the mixture stirred in a suffi- 
ciently large glass basin; an ounce of fuming nitric acid is then added, 
and presently a violent effervescence ensues and a powder falls: as soon as 
this appears white, cold water is added, and the powder is immediately 
to be collected upon a filter, washed, and carefully dried at a temperature 
of 100°. In collecting and handling this powder, the utmost caution is 
requisite; it should be made in small quantities only, and touched with 
nothing hard, for it has sometimes exploded upon the contact of a glass 
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rod, even under water: the feather of a common quill serves to collect ifs 
and it should be kept in a wide-mouthed vessel covered by paper, and by 
no means in a stoppered or even a corked phial, as serious accidents have 
arisen from its unexpected explosion. In short, one cannot be too care- 
ful in meddling with it, and its use for fulminating balls and other pur- 
poses of amusement is highly dangerous. 

" Berzelius observes that, in preparing fulminating silver, a vessel of 
sufficient capacity should be used to prevent the liquid running over 
during the effervescence, by which portions of the powder are deposited 
upon its exterior, and apt to explode when dry; that all approach of 
flame should be avoided during the escape of the nitrous etherized gas, 
because its inflammation would probably occasion the powder to explode; 
and that care should be taken to avoid introducing all hard substances to 
stir or touch the precipitate. 

Liebig’s process for the preparation of fulminating silver differs a little 
from the above, and is as follows: —A drachm of refined silver is dissolved 
in half an ounce of nitric acid, specific gravity 1:36 to 1°38; two ounces 
of alcohol, specific gravity 0°85, are then added, and the whole heated in 
a matrass; white flocculi soon appear, and when ebullition begins the 
heat is to be withdrawn; the effervescence, however, continues, and the 
powder falls; when action ceases, the powder is to be collected with the 
precautions above described. 

Fulminating silver is a gray crystalline powder; it acquires a dingy 
hue by exposure to light; it dissolves in about 40 parts of boiling water, 
and as the solution cools, it is deposited in minute crystals. It detonates 
in the quantity of a grain, or even half a grain, with great violence, when 
heated, or touched by any hard body; placed upon a piece of rock-cry- 
stal, and touched in the slightest manner by another crystal, it explodes — 
violently; upon the contact of sulphuric acid, and by the electric spark, 
it also detonates. The nature of this substance has been investigated by 
Liebig and Gay Lussac (Ann. de Ch. et Ph., xxiv. and xxv.), who have 
shown that it is a compound of 2 atoms of oxide of silver with 1 of ful- 
minic acid (p. 564). Its components therefore are 

P Gay Lussac 
and Liebig. 
Gaide of silver. . 3 , 233 , tes. : ie wrcioidad 2 , 232 . 7734 
anopen .« « « : . ‘ID os ulminic 
Oevecs dios sthoge olgg devleeg <> plat adioid }} Sateen ie 


Fulminate of silver 1 300 100°00 100°000 1 300 100°00 


BIFULMINATE oF SILVER is produced by digesting the preceding in 
solution of potassa, filtering, and adding nitric acid; a precipitate falls, 
soluble in boiling water, from which crystals separate on cooling, composed. 
of 1 atom of acid, and 1 of oxide‘of silver, and which are dangerously 
explosive. The formula, therefore, of this salt is (Ag+0)+(2cy +20.) 


FULMINATE OF PotassA. ARGENTO-FULMINATE OF Potassa.— When 
solution of potassa (or other alkaline base) is digested with fulminating — 
silver, half the oxide of silver is thrown down, and, on filtering and care- 
fully evaporating the solution, white foliated crystals may he obtained, 
of a metallic taste, neutral to tests, soluble in 8 parts of boiling water, and 
not precipitated by chlorides. They explode by heat and friction. In 


—_—_—>_ — SS s—- + —— 
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this, and analogous compounds, therefore, the bifulminate of silver acts 
the part of an acid to the bases, This salt of potassa is composed of 
Parga 0. hh, 5 UA i! BO] SQA ty PROT 
' Oxide of silver , bird obAh Geis tan OO pAresbte-ayais 79°3 
{[Fulminig acid . . 1, . 68 , . 298 acid, . I 


—— es ees 


1 232 100°00 100°0 


Fulminating mercury is, as above stated (p. 949), a compound o 
protoxide of mercury and fulminic acid, and, when decomposed by the fixed 
alkalis, the mercury constitutes a part of the triple detonating salt, which 
may be called a mercurio-fulminale; and for mercury, some other metals 
may be substituted. When fulminate of silver or of mercury is digested | 
with metallic copper, the solution furnishes green explosive crystals of 


Sulminate of copper, ?(CU+ 0)+(2 CY + 20). 


CYANURATE oF SiLveR,—If nitrate of silver be added to cyanurate of 
potassa, a white precipitate is obtained, which consists of ] atom of cyanu- 
ric acid, 2 of oxide of silver, and 1 of water (8CY+30)+(d49+0)+9. 
This salt heated in the dry state evolves hydrated eyanic acid. But if a 
solution of silyer be added to a boiling solution of cyanurate of ammonia, 
containing ammonia in excess, the cyanurate, with 3 atoms of oxide of 
silver, is formed (3CY+30)+3(49+0). Itis insoluble in water, very 
sparingly soluble in dilute nitric acid, may be heated to 600° without 
decomposition, is white, not blackened by light, and at a red heat emits 
carbonic acid and nitrogen, and leaves cyanuret of silver, (Lirsic.) 


CoBALTO-CYANURET OF SILVER isa white crystalline precipitate, formed 
by mixing solutions of cobalto-cyanuret of potassium and nitrate of silver. 
It dissolves in ammonia, with which it forms a double compound, crystal- 
lizing in colourless transparent prisms. 


ARSENITE OF SILVER is precipitated in the form of a very pale yellow 
powder, soon becoming deeper yellow, gray, and brown, by the addition 
of solution of arsenious acid to nitrate of silver. Nitrate of silver has 
already been adverted to as a test for white arsenic (p. 897). 


ARSENIATE OF SILVER is thrown down from nitrate of silyer by arsenic 
acid, of a reddish-brown colour. Ata red heat, this compound evolves 
oxygen and arsenious acid, and arsenical silver remains. The formula of 


this salt is (AY +0) +(AYP + 210). 


MonyspaTE oF Sitver and Tunestate or SILVER are precipitated in 
the form of white powder, insoluble in water, 


CuRoMATE oF SILVER is precipitated of a crimson-colour by adding 
chromate of soda to nitrate of silver. It soon loses its brilliant tint and 
becomes brown. It is insoluble in cold, and very little soluble in hot 
water: it is slightly soluble in nitric acid: hydrochlorie acid decomposes 
it, and forms chloride of silver: heat resolves it into oxide of chrome and 
metallic silver. It forms a double salt with ammonia. It dissolves in 
nitric acid. 

ANTIMONIATE, TELLURATE, and CoLUMBATE oF SILYER, are insoluble 
white powders. 
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Attoys or Sitver.—The compounds of silver with potassium, sodium, 
and the other light metals, have not been examined; neither has it been 
alloyed with manganese. It unites difficultly with iron. Upon fusing 
silver with iron, the alloy separates into silver retaining about one- 
thirtieth of iron, and iron retaining about one-eightieth of silver; the 
latter has a peculiar hard and crystalline texture. (MorveEav, Journ. de 
Phys., 1788.) When silver and steel are fused together, an alloy is formed, 
which appears perfect while in fusion, but globules of silver exude from it 
on cooling, which shows the weak attraction of the metals. Ata very high 
temperature the greater part of the silver evaporates, but a portion equal 
to about 1 in 500 remains, forming a perfect alloy, admirably adapted to 
the formation of cutting instruments. (Sropart and Farapay, Quarterly 
Journal, ix.) Silver readily combines with zinc, producing a brittle 
bluish-white granular alloy. When an alloy of 11 of zinc and 1 of silver 
is highly heated in an open crucible, it burns, and the whole of the silver 
is sublimed with the oxide of zinc. With éin silver forms a white hard 
brittle alloy. Silver made standard by tin is brittle, and does not ring 
well. (Hatcuert, Phil. Trans., 1803.) The alloy with cadmium has not 
been described. When cobalt and silver are fused together, the metals 
separate on cooling, each retaining a small portion of the other; the 
silver is rendered brittle, and the cobalt white. (GutteRT.) The alloy of 
silver and nickel has not been examined. The alloy with copper consti- 
tutes plate and coin*: by the addition of a small proportion of copper to 
silver, the metal is rendered harder and more sonorous, while its colour 
is scarcely impaired. Even with equal weights of the two metals, the 
compound is white: the maximum of hardness is obtained when the 
copper amounts to one-fifth of the silver. The standard silver of this 
country consists of 11.2, pure silver and 48 copper, or 11°10 silver and 
0:90 copper. A pound troy, therefore, is composed of 11 oz. 2 dwts. pure 
silver, and 18 dwts. of copper. Its density is 10°3; its calculated density is 


* TABLE of the Weight, Value, &c. of BritisH S1tver Coin. 


awe bad Working remedy for the 
Allow-|16 Aug. 1817, Moneyers by Mint Regulation. 


ance |above or bel. 


tose Standard | Fine silver | 2 Legal | Standard 
Number af icces im | weight at | inrceen” [forthe Stantord. | On | | acca |e | ene 
each picce, piece. Deny rs ry piece eavies Ig e er. | troy grains. 
0 oD € Jabv. or piece. piece. 
‘3 £ | below 
> & |Stand 
dt. | gr. /dt.| gr. dwt. | dwt . dt. 5 eed A x. 
792\Pence . . | .| 7-27| .| 672) .| 1 | 1 | “03| | 7-30| .| 7-24 272 
396/Twopences | .|14:54] .|13°45 a -06| -/14°60| {14-48 14-545 
264|Threepences | .|21-81| ./2018]F &|..|.. | -09| .|21-90| . (21-72 21:818 
198|Fourpences | 1| 5:09] 1| 2:90 ae | 22] 1| 6-21] 1] 4:97 29-090 
132|Sixpences . | 1|19-63) 1/16:36| 5 ¢ .. | +18] 1/19°81| 119-45] 40s.| 43-636 
66|Shillings . | 8{15-27| 3| 8°72 23 .. | «« | °86| 3|15°63].3'14:90| | 87-272 
26 & ‘3 
1784 /facrowns. | 9| 218] 8] 9:81 Sie -. | +90] 9] 8:09) 9} 1-27 218:181 
13 & © 5 
igp|sCrowns . [18] 4:36 /16|19-63 £3 1:81 |18| 5-18 |18| 2°54 436'363 
<4 


_ The assays of silver are reported in ounces and dwts. the lowest is dwt. 
Deliveries of Coin are made by the moneyers, to the Mint office, in journey-weights, each 
journey = 60 Ibs. troy, in value £198. 
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10:5; so that the metals dilate a little on combining. ‘The French silver 
coin is constituted of 9 silver and 1 copper; the silver coins of the ancients, 
and many Oriental silver coins, are nearly pure; they only contain traces 
of copper and of gold. When silver alloyed by copper, such as standard 
silver, is exposed to a red heat in the air, it becomes black from the for- 
mation of a superficial film of oxide of copper; this may be removed by 
immersion in hot diluted sulphuric acid, and a film of pure silver then 
remains, of a beautiful whiteness: this is called blanched or dead silver; 
the blanks for coin are treated in this way before they are struck, whence 
the whiteness of new coin, and the darker appearance of the projecting 
portions occasioned by wear, in consequence of the alloy showing itself 
beneath the pure surface; articles of plate are often deadened, or matted, 
by boiling in bisulphate of potassa (sal entzum), which acts in the same 
way as the dilute sulphuric acid. French standard silver is an alloy of 9 
of silver and ] of copper. Lead and silver form a very brittle dull-coloured 
alloy, from which the lead is easily separated by cupellation(p.840). When 
fused lead containing silver is suffered to cool slowly, the lead which first 
concretes forms granular crystals and is nearly pure, while almost the whole 
of the silver is contained in the liquid portion: in this way the separation 
of the two metals may to a certain extent be effected, especially upon the 


large scale. Antimony forms a brittle white alloy, the density of which 


exceeds the mean of its components; the greater part of the antimony 
evaporates during protracted fusion, and the whole may be separated, in the 
form of oxide, by roasting. There isa rare ore found in Spain, and Suabia, 
(antimonial silver,) which has a white metallic lustre, and contains 77 per 
cent. of silver, and 23 of antimony; its density is 9°82. Bismuth and 


silver may be combined by fusion; the alloy is brittle, yellow-white, and 


lamellar; its density exceeds the mean; the density of an alloy of equal 
weights of bismuth and silver is 10°7. The alloys with uranium, tita- 
nium, cerium, and tellurium, are not known. When silver and arsenic 
are fused together, an alloy is formed, composed of 100 silver + 16 arsenic. 
(GenLEN.) It is gray, brittle, granular, and by long fusion great part of 
the arsenic evaporates; it may be entirely got rid of by roasting. Arse- 
nuret of silver is found native. 4 parts of silver and 2 of molybde- 
num were strongly heated, but did not yield a button; by continuing the 


heat a portion of the silver eliquated, still retaining a part of the molyb- 


denum, and becoming bluish when heated: the residuum being again 
melted in charcoal became more compact, was brittle, gray, and granular. 
(Tuomson.) The alloys of chromium and vanadium are unknown. 100 
parts of silver and 50 of tungstic acid, strongly heated with charcoal, gave 
a brown button, slightly malleable, weighing 142 grains. (Txomson.) 
Silver amalgamates easily with mercury: when red hot silver is thrown 
into heated mercury it dissolves, and when 8 parts of mercury and 1] of 
silver are thus combined, a granular crystalline soft amalgam is obtained, 

the density of which dsaends the mean of its components; when a enbataat 
of this amalgam in liquid mercury is squeezed through chamois leather, 
the excess of mercury, retaining only a trace of silver, goes through, 

and the solid amalgam is left behind. This amalgam exists native in 
octoédral and dodecaédral crystals, containing 34°65 per cent. of mercury, 


Amalgam of silver is sometimes employed for plating; it is applied 


to the surface of copper, and the mercury being evaporated by heat, the 
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remaining silyer is burnished. The better kind of plating, however, is 
performed by the application of a plate of silver to the surface of the 
copper, which is afterwards beaten or drawn out. A mixture of chloride 
of silver, chalk, and pearlash, is employed for silvering brass: the metal is 
rendered very clean, and the above mixture, moistened with water, rubbed 
upon its surface. Plating by metallic precipitation from an ammonio- 
chloride of silver, and also by voltaic precipitation, is now coming into use. 


Assay or Sitver.—The analysis of alloyed silver is a very important 
process, and in continual practice by refiners and assayers. It may be 
performed in the humid way by dissolving the alloy in nitric acid, preci- 
pitating with hydrochloric acid or chloride of sodium, and either reducing 
the chloride by potassa in the way above described, or estimating the quan- 
tity of silyer which it contains. The usual method, however, which is 
employed at the Mint, and by the refiners, is cupellation*, Of the useful 
metals, there are three which are capable of resisting the action of air at 
high temperatures: these are silver, gold, and platinum ; the others, under 
the same circumstances, become oxidized: it might, therefore, be supposed, 
that an alloy containing one or more of the first three metals, would suffer 
decomposition by mere exposure to heat and air, and that the oxidizable 
metal would burn into oxide. This, however, is not the case; for if the 
proportion of the latter be small, it is protected, as it were, by the former; 
or, in other cases, a film of infusible oxide coats the fused globule, and pre- 
vents the further actionof theair. These difficulties are overcome byadding 
to the alloy some highly-oxidizable metal, the oxide of which is Susible. 
Lead is the metal usually selected for this purpose, though bismuth will 
also answer. Supposing, therefore, that an alloy of silver and copper is 
to be assayed, or analyzed by cupellation, the following is the mode of 
proceeding:—A clean piece of the metal, weighing about 20 grains, is 
laminated, and accurately weighed in a very sensible balance. It is then 
wrapped up in the requisite quantity of sheet-lead (pure, and reduced 
from litharge), apportioned by weight to the quality of the alloy under 
examination, and placed upon a small cupel, or shallow crucible, made of 
bone-earth, which has been previously heated. The whole is then placed 
within the muffle, heated to bright-redness: the metals melt, and, by the 
action of the air which plays over the hot surface, the lead and copper are 
oxidized and absorbed by the cupel, and, if the operation has been skil- 
fully conducted, a button of pure silver ultimately remains, the comple- 
tion of the process being judged of by the cessation of the oxidation and 
‘motion upon the surface of the globule, and by the very brilliant appear- 
ance assumed by the silver when the oxidation of its alloy ceases. he 
button of pure metal is then suffered to cool gradually, and its loss of 
weight will be equivalent to the weight of the alloy which has been 
separated by oxidation, a certain allowance being made for a small loss 


* Where great accuracy is requisite, 
the solution of the alloy, and the preci- 
pitation of the silver in the state of 
chloride, is the method that must be fol- 
lowed; but an experienced assayer will 
arrive at tolerably close results by cupel- 
lation, and where, as in the London Mint, 
many assays are often daily requisite, the 


humid process could not be adopted 
without serious interruption to the busi- 
ness of the establishment. “Where, as 
in the French Mint, only one degree of 
fineness is to be estimated, the humid 
process, conducted with the precautions 
described by M. Gay Lussac, and with the 
aid of his apparatus, is preferable. 
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of silver, which always occurs, partly by evaporation, and partly carried off 
with the oxides which are absorbed by the cupel. To perform this pro- 
cess with accuracy, certain precautions are requisite, which can only be 
learned by practice, so as to enable the operator to gain uniform results, 
Instructions upon this subject will be found in Arkin’s Chemical Dic- 
tionary; in CumprReEn’s T'ranslation of Thenard on Chemical Analysis; in 
Vavaquein’s Manuel del Essayeur; and in Dumas’ Chim. app. aux Arts, 


_ CHARACTERS OF THE Sats or SitveR.—The soluble salts of silver are 
recognised by furnishing a white precipitate with hydrochloric acid, and 
the soluble chlorides, which blackens by exposure to light, and which is 
readily soluble in ammonia; and by affording metallic silver upon the 
immersion of a plate of copper. The salts insoluble in water are mostly 
soluble in liquid ammonia ; when heated on charcoal before the blowpipe, 
they afford a globule of silver. All the salts of silver, excepting those — 
which contain coloured acids, are colourless, provided they have not been 
exposed to light, or deoxidizing agents, of the influence of which they 
are extremely susceptible. A yellow precipitate on the addition of 
phosphate of soda, and of the soluble arsenites, a red-brown by arsge- 
niates, a crimson by the chromates, and white by ferrocyanuret of potas- 
sium, are further characteristics of the soluble salts of silver. 

Tin and lead are the most rapid precipitants of metallic silver from 
the nitrate; cadmium, zinc, copper, bismuth, and antimony, are more 
slow in their operation, and arsenic and mercury still more tardy. In all 
cases the silver appears crystallized; often blackish at first, but after- 
wards assuming the metallic lustre. Jron is a speedy reducer of the 
sulphate of silver. The insoluble salts of silver mixed with water are 
also similarly decomposed, but the operation is more slow. Chromate of 
silver, probably on account of its insolubility, is extremely slowly reduced ; 
cadmium is the most effective metal for the purpose. Chloride of silver 
is rapidly reduced by most of the metals which form soluble chlorides, 
such as zinc, iron, cadmium, cobalt, and arsenic; lead, nickel, copper, 
antimony, and mercury, act slowly; and tin and bismuth are very feeble 
in their action. Zinc, copper, and arsenic, rapidly deduce the ammoniacal 
solution of oxide of silver. Of all the metallic precipitants zinc and cad- 
mium are the most effective; but when zinc or antimony are used, the 
separated silver contains those metals. 
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Gotp has been known from the remotest ages; it is the sol of the alche- 
mists, and they represented it by the circle ©, which is also the emblem 
of perfection. Its chemical history has not been so satisfactorily worked 
out as that of most of the other metals. The best early authority upon 

_ it is Lewis (Philosophical Commerce of the Arts), and as regards most of 
its important alloys, Mr. Hatchett’s Experiments and Observations on the 
Alloys, Specific Gravity, and Comparative Wear of Gold (Phil. Trans., 
1803), must be consulted, 

Gold occurs in nature in a metallic state alloyed with silver or copper, 
and in this state it is called native gold. Its colour is various shades of 
yellow; it is either massive, ramose, or crystallized in cubes and octoédra. 

In these varieties of gold the. proportion of silyer fluctuates between 8 
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and 70 per cent. (Bovssincavtt.) The veins of gold are confined to — 
primitive countries, but large quantities’ of this metal are collected in | 

alluvial soils and in the beds of certain rivers, more especially those of 
the west coast of Africa, and of Peru, Brazil, and Mexico. In Europe, 
the streams of Hungary and Transylvania have afforded a respectable. 
quantity of gold; it has been found also in the Rhine, the Rhone, and - 
the Danube. Small quantities have been collected in Cornwall, and in 
the county of Wicklow in Ireland. 

Gold may be obtained pure by dissolving 1 part, by weight, of 
standard gold in 3 of nitrohydrochloric acid, (composed of 1 part, by 
weight, of nitric, and 2 of hydrochloric acid,) evaporating the solution 
to dryness, (by a gentle heat towards the end of the process, ) redissolving 
the dry mass in distilled water, filtering, and adding to it a solution of 
- protosulphate of iron; a black powder falls, which after having been 
washed with dilute hydrochloric acid and distilled water, affords, on fusion 
with alittle borax or other suitable flux, a button of pure gold. or the 
purpose of solution gold may conveniently be kept in the pulverulent state. 

Gold is of a deep and peculiar yellow-colour. It melts at a bright 
red-heat, equivalent, according to Daniell, to 2016° of Fahrenheit’s scale, 
and when in fusion appears of a brilliant greenish colour: as it solidifies 
it contracts in bulk, and by very slow cooling was obtained by Tillet and 
Monge in short quadrangular pyramidal crystals. Its specific gravity 
is 19°3. Its specific heat is = 0-03244. (Reenavtt.) Itis so malleable, 
that it may be extended into leaves which do not exceed one two hundred 
and eighty-two thousandth of an inch in thickness, or a single grain may 
be extended over 56 square inches of surface. This extensibility of the 
metal is well illustrated by gilt buttons, 144 of which are gilt by 5 
grains of gold, and less than even half that quantity is adequate to giving 
them a very thin coating. It is also so ductile that a grain may be drawn 
out into 500 feet of wire. It shows no tendency to unite to oxygen when 
exposed to its action in a state of fusion; if an electric discharge be 
passed through a very fine wire of gold, a purple powder is produced, which 
has been considered as an oxide, though probably it is only finely-divided 
gold. The pure acids have no action upon gold; neither has sulphur or 
sulphuretted hydrogen; chlorine, iodine, bromine, and fluorine? on the 
contrary, are capable of dissolving it; the agent, commonly resorted to for 
this purpose is chlorine, generally in the form of nitrohydrochloric acid, -~ 
or aqua regia. The combination of oxide of gold with the alkalis, and 


~ the double salts which are thus produced, are also important features in 


the history of this metal, and have very extensive and. interesting appli- 
cations to the arts; under Mr. Elkington’s patent, such solutions are 
largely used for the purposes of gilding copper and other metals, and 
have almost entirely superseded the old and pernicious practice of water 
gilding, as it was termed, in which mercury is used as the solvent. 

There is considerable difficulty in determining the equivalent of gold, 
in consequence of the indefinite character of its protocompounds: hence 
Gmelin adopts the number 66 as its equivalent; Graham 99-6; Thomson 
100; and Turner 199-2. Following Dr. Turner in the view which he 
takes of the Atomic constitution of the oxides and chlorides of gold, I 
have assumed 200 as its equivalent, though Thomson’s number is most 
consistent with that deduced from the specific heat (p. 163). 
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-Protoxtbr or Gotp. Avrovs Oxmpe. (@U+0), Av2 O (Granam), 


may be obtained by the action of a cold solution of potassa on protochlo- 


ride of gold; the product must be washed with water, and dried at a 
temperature of 100°; if the heat exceed this, a portion of the oxide is 
reduced, and it is converted into peroxide and metallic gold; it is of an 


olive colour. -It is soluble in the alkaline solution, which, therefore, 


must be sparingly used. It consists of 


Berzelius. 
eos): or Do ee 2008 a e960 so. <9 9613 
OP Man cs ae kL as Gro a eae OOo gor alah OF 
Protoxide of gold. 1. 208 100-00 100°00 


Drvtox1pE or Gorp.—The existence of this step of oxidizement is 
very doubtful: it is stated to be the product of the combustion of gold by 
electricity, as when a powerful electric battery is discharged through a 
fine wire or leaf of gold: in these cases it is dissipated into a purple 
powder, which has been called the purple oxide of gold, but it is probably 
only the metal in a state of very minute division: at all events, we have 
no experimental evidence to prove that it is an oxide. 


PEROXIDE or Goip. Auric Oxipe. Auric Acip. (@U+30.) Av203 
(Grauam).—According to Pelletier, the best process for obtaining 
peroxide of gold consists in the decomposition of the perchloride by 
magnesia, washing the precipitate with dilute nitric acid, to remove any 
excess of the precipitant, and drying it at a very low heat. Dr. Turner, 
upon the authority of Dr. Wagner of Pesth in Hungary, suggests the 
following as the most certain process for procuring peroxide of gold. 
Dissolve 1 part of gold in the usual way, render it neutral by evapo-- 
ration, and redissolve in 12 parts of water; to the solution add 1 part 
of carbonate of potassa dissolved in twice its weight of water, and digest — 
at about 170°; carbonic acid gradually escapes, and the hydrated peroxide, 
of a brownish-red colour, subsides; after being well washed, it is dissolved 
in colourless nitric acid of the specific gravity 1-4, and the solution 
decomposed by admixture with water; the hydrated peroxide is thus 
obtained quite pure, and is rendered anhydrous by exposure to a tem- 
perature of 212°. In this anhydrous state it is nearly black, insoluble in 
water, and decomposed either by exposure to solar light or by heat. It is 


Soluble in hydrochloric acid, forming the common solution of gold; and it 


dissolves in sulphuric and in nitric acid, but the affinity is here so weak 
that the solutions are decomposed by the action of water, and yield no 
saline compound when evaporated with the utmost caution. These pro- 
perties led Pelletier to examine the action of alkalis upon this oxide, and 


he found that, digested in a solution of caustic potassa, it. was dissolved ; 


it also combines with baryta; and in these cases apparently plays the part 
of a weak acid. Boiled with chloride of potassium or sodium, a yellow 
solution results, which is alkaline, and contains chloride of gold and 
aurate of potassa or soda. The action of ammonia on chloride of gold 
will presently be noticed. This oxide consists of 

Berzelius, 
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Prorocntorwk of Gop. (du+¢.)—When perchloride of gold is 
placed on a sand-heat in a porcelain capsule, and exposed, under frequent - 
stirring, to the temperature of melting tin till it no longer evolves chlorine, 
a white saline mass remains, which, unless it contains undecomposed 
perchloride, is not soluble in water: it may be preserved unchanged whilst 
dry, but in contact of water it gradually changes into perchloride and 
metallic gold: this decomposition of the protochloride is instantaneous 
when boiling water is poured upon it, 2 parts of metallic gold being 
separated for ] that is held in solution. It consists of 

Berzelius. 
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Protochloride of gold 


Percuiorive or Gow. (@U+3¢.)—When gold in a state of minute 
division is heated in chlorine, a compound of a deep-yellow colour results. 
Gold-leaf also dissolves easily in a strong aqueous solution of chlorine, 
and affords a similar compound on evaporation. The common solvent of 
gold, however, for the purpose of obtaining the chloride, is the nitrohydro- 
chloric acid. By evaporation, the saturated solution affords prismatic 
crystals of a deep orange-colour, very deliquescent, fusible, and then 
decomposed by heat, yielding, at first, the protochloride, and ultimately, 
pure gold. Itis said, that, when heated, a very minute portion of the 
metal also passes off with the chlorine and water. When concentrated 
sulphuric acid is poured into a strong solution of this compound, it causes 
a precipitation of anhydrous chloride of gold. The colour of its aqueous 
solution varies; if neutral and concentrated it is nearly red (Leo ruber of 
the alchemists), if dilute, or acid, it is yellow. It has a rough bitterish 
taste. 

The solution of perchloride of gold in hydrochloric acid, (hydrochlo- 
rate of chloride of gold,) or muriate of gold, as it is usually called, yields 
yellow prismatic or acicular crystals on evaporation; its solution is dis- 
coloured by steam in the same way, and apparently from the same cause, 
as nitrate of silver. (See p.959.) It is decomposed by hydrogen, 
phosphorus, charcoal, sulphurous acid, and many of the metals; a piece 
of paper, moistened with it and exposed to light, also becomes purple in 
consequence of its decomposition. According to Van Mons, it is decom- _ 
posed by several vegetable acids, and when mixed with binoxalate of 
potassa, carbonic acid gas is evolved, and the gold gradually separated. 

When solution of protosulphate of iron is added to chloride of gold, 
the mixture instantly acquires a dingy green or brown tinge, and appears 
of a beautiful green or blue, if viewed by strong transmitted light: these 
appearances depend upon the presence of an infinite number of small 
particles of gold in the metallic state; they soon subside in the form of a 
brown powder which, after having been washed with boiling water, 
digested in boiling dilute hydrochloric acid, and again washed and dried, 
is pure gold; in this pulverulent state, it is used for gilding porcelain, and 
for some other purposes of the arts; the modes of applying it are described 
by Dumas. (Chim..app. aux Arts, iii. 689.) .This method of separating 
gold from its solution is often convenient in analytical operations, and the 
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gold powder in that case is generally fused into a button with a little 
borax. According to Dr. Turner, the mutual action of the protosulphate 
and perchloride is such, that 6 atoms of protosulphate of iron, and 1 of 


perchloride of gold, produce 2 atoms of persulphate of iron, 1 of perchloride 
of iron, and 1 of gold. it ; 


PurP.e or Casstus.—Protochloride of tin, added to a dilute solu’ 
tion of chloride of gold, occasions an instant change of colour to a red- 
dish-brown or dirty-purple: if a piece of tin-foil be immersed ina dilute 
solution of the chloride, the same purple powder is presently thrown 
down upon it; it is also formed when an alloy of 150 parts of silver, 35 
of tin, and 20 of gold, is digested in nitric acid; nitrate of silver is dis- 
solved, and the purple powder remains. According to Graham, the finest 
coloured precipitate is formed “ when protochloride of tin is added to a 
solution of the perchloride of iron till the colour of the liquid has a shade 
of green, and adding this liquid, drop by drop, to a solution of perchloride 
of gold, which is free from nitric acid and very dilute; after 24 hours a 
brown powder is deposited, which is in a small degree transparent, and 
purple-red by transmitted light; when dried and rubbed to powder, it is 
of a dull blue colour.” (See also Dumas upon this subject.) 

The purple of Cassius is used in enamel and porcelain painting, and 
also for tinging glass of a fine red colour. It retains its colour at a high 
red-heat: it is insoluble in solutions of potassa and soda, but if, whilst in 
its hydrated state, it be washed with ammonia, a bright purple liquid is 
obtained, from which the colouring matter very slowly precipitates. 

The chemical nature of this compound has given rise to much discus- 
sion. It would appear, from Proust’s experiments, to consist of about 3 
parts of oxide of tin, and 1 of protoxide of gold. Oberkampf found the 
composition and colour of the precipitates formed by protochloride of tin 
in solutions of gold, liable to much variation. When the tin predominates, 
it is of a violet colour; but when the gold is in excess, itis more pink; and 
these colours are also communicated to enamel. Oberkampf and Macar- 
dieu assert, that the gold in the compound is in the metallic state; that 
the violet combination contains 60 oxide of tin, and 40 gold, and the 
pink about 20 and 80 (Ann. de Ch. et Ph., xxx. 147); but as mercury 
does not abstract gold from it, this view is improbable. 

According to Berzelius, the purple of Cassius, when heated to redness, 
loses between 7 and 8 per cent. of water, and the residue is a mixture of 
metallic gold and peroxide of tin. He considers it as a compound of 
protoxide of gold and sesquioxide of tin. (See also Gay Lussac, Ann. de 

Ch. et Ph., xuix.) According to Dr. Turner, the purple of Cassius is a 
hydrated double salt, composed of peroxide of tin, as the acid, united with 
protoxide of tin and binoxide of gold, as bases, in such proportion that 
the oxygen of the gold exactly suffices to convert the protoxide into 
peroxide of tin. ’ 

When nitrate or sulphate of silver is added to chloride of gold, a pres - 
cipitate falls, consisting of chloride of silver and oxide of gold; the latter 
may be removed by hydrochloric acid: the protosalts of mercury are 

_ rendered deep-brown, or reddish-brown, by chloride of gold: many 
organic substances give it a purple tint: it tinges the cuticle of an indeli- 
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ble purple tint: the readiness with which paper and other organic bodies 
acquire this hue by exposure to light has led to the use of chloride of 
gold in some photographic processes. | 

Chloride of gold dissolves in alcohol, and in ether: the latter solution 
is generally obtained by agitating the solution of gold with ether, after 
which the mixture separates into two portions; the superior is yellow, 
and isan ethereal solution of chloride of gold; the inferior colourless, 
being only water and hydrochloric acid. This ethereal solution was 
formerly much esteemed as a medicine, under the name of aurum potabile; 
it was presumed that gold might possibly communicate something of its 
own durability to the human constitution. Polished steel dipped into 
this solution acquires a coat of gold, and it has hence been employed for 
gilding delicate cutting instruments. It generally deposits films of metal- 
lic gold, sometimes in ramose or arborescent crystals. The perchloride of 
gold consists of 


Gold 
Chlorine 


Berzelius. 
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Perchloride of gold 


Futmratine Gorp. Avurate or Ammonia, AMMonturet oF Prr- 
oxIpE or Goup.—When liquid ammonia is added to a concentrated 
solution of chloride of gold diluted with about 3 parts of water, a yel- 
lowish-brown precipitate is formed, which, if collected upon a filter, 
washed with a little water, and carefully dried at the temperature of 
212°, is fulminaling gold. A more powerfully fulminating compound is 
obtained by digesting peroxide of gold in liquid ammonia; it acquires a 
deep olive colour, and may be dried ‘carefully at 212°, but if suddenly 
heated to about 290°, it explodes with great violence, and if thus detonated 
upon platinum leaf, the metal is torn at the point of contact, as is the case 
with all these exploding combinations: friction with hard bodies, or an 
electric shock, also explode it; with the exception of the hydrochloric, the 
acids have little action on this compound. It probably consists of 2 
atoms of ammonia, and ] of peroxide of gold, or is a diaurate of ammonia. 
Dumas regards it as a hydrated nitruret of gold combined with ammonia; 
but the former is the more simple and probable view of its proximate 


composition. 


Avro-pERcHLoripEs.—Under this term are comprehended the com- 
pounds described by Bonsdorff (Ann. de Ch. et Ph., xiv.) and others, in 
which the chloride of gold is combined with certain electro-positive 
chlorides, such as those of the alkaline bases: they consist of 1 atom of 
terchloride of gold, and 1 atom of the other chloride, and may be formed 
of their respective chlorides in such proportions; some of them have been 
long known: they mostly form prismatic crystals, and include water of 
crystallization. It is in consequence of the formation of these soluble 
double salts, that the solution of chloride of gold in hydrochloric acid 
yields no precipitates with the alkalis, even when added in excess. Dif- 
ferent aurochlorides, obtained by adding salts of potassa, soda, ammonia, 
and other bases, to the chloride, are employed in gilding copper trinkets, 
buttons, and other articles, under Mr. Elkington’s patent. 2 | 
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AURO-PERCHLORIDE oF Ammonta is formed by dissolving the component. 
salts in atomic equivalents and evaporating; it crystallizes in efflorescent 
acicular prisms, soluble in water and alcohol, and contaming 


Hydrochlorate of ammonia... . 2°. . 1. 2) 54... 136, 
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AURO-PERCHLORIDE oF Porasstum.—This salt may be obtained by 
evaporating mixed solutions of chloride of potassium and perchloride of 
gold in yellow four-sided prisms, slightly efflorescent, and which, dried at 
212°, lose their water of crystallization; at a higher temperature chlorine 
is evolved, and the salt fuses into a dark-brown liquid, which probably 
contains protochloride of gold, but which water and dilute hydrochloric 
acid resolve into the original salt, chloride of potassium and metallic 
gold being separated. The components of the crystallized double chlo- 
ride are, according to Bonsdorff, 
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Crystallized auro-perchloride of potassium 1 429 100°0 


AURO-PERCHLORIDE oF Soprum forms four-sided prisms, permanent in 
the air, and easily fusible in their water of crystallization; they contain 
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1 413 100°0 
The auro-perchlorides of lithium, calcium, barium, strontium, magnesium, 
manganese, zinc, cadmium, cobalt, and nickel, have also been examined by 
Bonsdorff: they form hydrated prismatic. salts, generally similar to the 
preceding. ‘ 
lopiwe or Gorp. (@U-+2.)—The action of iodine on gold has been 
examined by Pelletier. (Quarterly Journal, x. 121.) When iodide of 
potassium is added to chloride of gold, it produces a copious yellowish- 
brown precipitate, insoluble in cold water, and easily decomposed by 
heat and by the liquid alkalis. When boiled in water, to deprive it of 
excess of iodine, it consists of pares: 
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Protiodide of gold 1 326 100°0 100 


BromipE oF Gotp. (au + b.)\—Bromine combines with gold, and 
forms a dark-gray substance, soluble in water, and crystallizing from its 
solution in deep-brown crystals. This salt has so intense a colour, that it 
communicates a tinge to 5000 parts of water. (Banarp, Ann. de Ch. et. 
Ph., xxxii. 362.) 

SULPHURET OF GoLD (@U-+3S) is procured by passing sulphuretted 
hydrogen through an aqueous solution of perchloride of gold. It falls in 
the form of a black powder, easily resolved by heat into metallic gold and 

~ sulphur. (OperKAMpr, Ann, de Ch., uxxx.) It consists of 
F ‘es | 3T 


Crystallized aurochloride of sodium 
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Oberkampf. Bucholz. 
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Persulphuret of gold -1 248 100°0 _ 100°00 100 


A double sulphuret of gold and potassium is formed when gold, sul- — 
phur, and potassa, are fused together; the compound is soluble in water, ~ 
and acids throw down sulphuret of gold from the solution. This solu- 
bility of gold in alkaline sulphurets was known to the old chemists, and 
it was thus, according to Stahl, that Moses dissolved the golden calf. 
This compound is used in the potteries as a source of the preparation of 
gold, with which a dingy gilding is occasionally given to earthenware. 
(Dvumas.) 

Puospnurer or Gorn is obtained by heating gold-leaf with phospho- 
rus, in a tube deprived of air. It is a gray substance of a metallic lustre, — 
and consists probably of 1 proportional of gold and | of phosphorus. It 
is decomposed when heated under exposure to air. When phosphuretted 
hydrogen is passed through a dilute solution of chloride of gold, a brown 
powder falls, which is metallic gold; but if the solution of gold be 
dropped into excess of phosphuretted hydrogen, a phosphuret of gold 
appears to be produced. 


Percyvanurer or Gop (@U+3CY) is thrown down as an insoluble 
pale-yellow compound, by adding cyanuret of potassium to chloride of 
gold; it forms, according to Ittner, double salts with the cyanurets of 
the alkaline bases. According to Liebig, this cyanuret is best prepared 
by adding to a solution of chloride of gold, deprived of free acid, a solution 
of caustic potassa to which excess of hydrocyanic has been added. Iix- 
cess of cyanuret of potassium redissolves the precipitate, but it is again. 
thrown down by an acid. Cyanuret of gold is also formed by adding to — 
_.16 parts of gold dissolved in nitrohydrochloric acid, a hot solution of 24 
parts of cyanuret of mercury, evaporating to dryness, and washing with 
pure water. 

Sunpuocyanurer or Goxp is a flesh-coloured powder, which falls 
when solution of sulphocyanuret of potassium is mixed with chloride of 
gold: it is soluble in the precipitant and in ammonia. (GROTTHUSS.) 


Autoys or Gorp.—The alloys of gold with potassium and sodium 
have not been examined. With manganese it forms a gray brittle alloy, - 
hard, somewhat ductile, and of great lustre. Mr. Bingley found the pro- 
portion of manganese to form from one-eighth to one-ninth of the com- | 
pound: it was obtained by heating gold with oxide of manganese which 
had been repeatedly mixed and burned with olive oil. Cupellation with 
lead separated the manganese. With iron the alloy is malleable and 
ductile and harder than gold; its colour dull-white, and its specific 
gravity, when containing 11 gold + ] iron, 16°885. The metals expand 
by union; so that, supposing their bulk before combination to have been — 
1000, after combination itis 1014-7. With zinc the compound is brittle — 
and brass-coloured: specific gravity, when containing 1] gold + 1 zine, 
16:937. The metals contract a little in uniting; the original bulk being 
1000, that of the alloy is 997. The brittleness continued when the zine 
was reduced to one-sixtieth of the alloy. The fumes of zinc in a furnace — 
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containing fused gold, make it brittle; and according to Hellot, when an 
alloy of 1 of gold and 7 of zinc is ignited in an open crucible, the whole 
of the gold sublimes with the oxide of zine. Tin formed a whitish alloy, 
brittle when thick, but flexible in thin pieces; specific gravity, when con- 
stituted of 11 gold + 1 tin, 17:307; bulk before fusion, 1000; after 
fusion, 981; so that there is considerable contraction. The old chemists 
called tin, diabolus metallorum, from its property of rendering gold brit- 
tle; but Mr. Bingley’s experiments, quoted by Mr. Hatchett, show that 
one-sixtieth of tin does not render gold brittle; indeed, Mr. Alchorne’s 
experiments (Phil. Trans., 17€4), showed that gold might be rolled and 
coined, when containing one thirty-seventh of tin. At a cherry-red heat 
Mr. Bingley found that this alloy became dark coloured, arid disintegrated. 
from the loss of the tin. Mercadieu obtained the purple of Cassius by 
digesting the alloy, rich in tin, in nitric acid: hydrochloric acid dissolves 
the tin and leaves finely-divided gold. The alloy of gold with cadmium 
has not been examined. Mr. Hatchett obtained a dull-yellow alloy with 
1] gold + 1 cobalt, the density of which was 17:112.. The bulk of the 
metals before fusion being 1000, became 1001 after fusion. When the 
cobalt was below one sixty-sixth of the mass, the alloy was somewhat 
ductile. With gold and nickel he obtained a brittle brass-coloured alloy, 
when in the proportions of 11 tol. The density of the gold being 
19°172 and of the nickel 7°8, that of the alloy was 17:068; and the bulk 
of the metals before fusion being 1000, was increased after fusion to 
1007. With copper, gold forms a ductile alloy of a deeper colour, harder, 
and more fusible than pure gold: this alloy, in the proportion of 11 gold 
to 1 copper, constitutes standard gold; its density is 17157, being a little 
below the mean, so that the metals slightly expand on combining. One 
troy pound of this alloy is coimed into 4629 sovereigns, or 20 troy pounds 
into 984 sovereigns and a half. The poeud was formerly coined into 
44 cuineas and a half. (See next page.) The standard gold of France 
consists of 9 parts of gold and 1 of copper. The alloy of gold with lead 
is very brittle when that metal only constitutes one 1920th of the alloy: 
even the fumes of lead destroy the ductility of gold: the specific gravity 
of an alloy of 11 gold+1 lead is 18°080; and 1000 parts become 1005. 

A remarkable fact in respect to this alloy is, that its specific gravity 
diminishes to a certain extent, as the proportion of lead diminishes, and 
is at its maximum when the lead amounts only to one 96th part, the 
quantity of gold remaining the same, and the deficiency being made up 
mith copper: the Zotlowing Poe se uckl this: — 


Specific} Bulk Bulk E Specific} Bulk Bulk 
| Metals. | Grains. Gravity before after ee Metals. erates G oe before | after 
of Alloy.| Union. | Union. of Alloy.| Union. | Union. 
Gold ... |442 
Gold... : 
% a 18-080 | 1000 1005 5 Copper. | 34 17:032 | 1000 1035 
Lead... 38 
Lead...) 4 
Gold...| 442 Gold... |442 
Copper. io 17:765 | 1000 1006 6 Copper . | 37°5 } 16:627 | 1000 1057 
Lead... 19 Lead...| 0°5 
Gold...}| 442 Gold. | 
Copper . 30 17°312| 1000 1022 22 Copper es “75 \| 17-089 | 1000 1031 
Lead... 8 Lead. 0° 75 { 
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Gold and antimony form a brittle yellow compound: Mr. Hatchett 
found gold made standard by antimony to be of a pale and dull colour, 
very brittle and fine-grained, and its density 16°929, the bulk of the 
metals being reduced by combination from 1000 to 987. When the anti- 
-mony only formed one 1920th of the mass, it was still brittle, and the 
fumes of antimony in the neighbourhood of fused gold destroy its duc- 
tility. A standard alloy of gold with bismuth was brittle, fine grained, 
and of a greenish-yellow colour: its density 18°038; the bulk of the 
metals being reduced from 1000 to 988. The colour of the alloy became 
nearly that of gold when the bismuth formed one 60th, but it remained 
brittle with only one 1920th: the fumes of bismuth also destroy the 
ductility of gold which has been fused in the same furnace. Uranium, 
titanium, and cerium, have not been examined in their relations to gold. 
The alloy of gold and lellurium exists native. Arsenic and gold are not 
easily combined, in consequence of the volatility of the former metal. 
Mr. Hatchett added 453 grains of arsenic to 5307 of fused gold, and 
having stirred the mixture poured it into an iron mould: only 6 grains 
were retained, so that the alloy contained one 885th of arsenic; it had 
the colour of gold, and was brittle: by suspending gold in the fumes of 
arsenic, he obtained a brittle fusible alloy of a gray colour. Molybdenum 
and gold form a black brittle compound. (Hretm, Crell’s Annals, iii.) 
The action of gold and chromium has not been examined. Little is 
known of the compound of gold with tungsten: “When 100 parts of 
gold, 50 of tungstic acid, and a quantity of charcoal-powder, were strongly 
heated in a covered crucible, complete fusion did not take place; the 
button weighed 139 grains; by cupellation with lead the gold was reduced 
to its original purity.” Mercury and gold combine readily at common 
temperatures, and more rapidly when heated, the mercury taking up a 
considerable proportion of gold without loss of fluidity: when rich in 
gold, the amalgam is of a buttery consistence, and may be separated from 
the more liquid compound by pressure through leather; it then consists 
of 2 parts of gold and 1 of mercury: the amalgam used for gilding bronze 
contains about one eighth of gold. Szlver and gold appear to combine 
_ readily in all proportions, when the fused metals are stirred together; but 
that there is a tendency to definite combination appears from Homberg’s 
experiments, who kept equal parts of gold and silver in fusion for a quar- 
ter of an hour, and found on breaking the crucible that the ingot con- 
sisted of two distinct portions; the uppermost being pure silver, and the . 
lowermost, gold, combined with one sixth of silver: the density of this 
alloy is a little below the mean, and the colour of gold is rendered paler 
by a twentieth part of silver. All the gold at present coined is alloyed 
with copper only; previous to the year 1826, the alloy consisted in part 
of silver, hence the paler colour of the sovereigns and half sovereigns of 
former coinages: an alloy composed of equal parts of silver and copper 
furnishes the best addition to gold for the purpose of coinage, and it is 
to be regretted that this requisite portion of silver is not made part of the 
value of the coin, by which the system of melting down our gold coin 
for the purpose of extracting its silver would be prevented, and the per- 
fection and facility of coinage ensured. To separate the silver from gold, 
ike alloy is melted with great excess of silver, granulated, and boiled in 
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sulphuric acid (in vessels of platinum), by which the silver is oxidized 
and converted into sulphate of silver, and the metallic gold remains in ~ 
the form of an insoluble black powder, which is afterwards collected, 
washed, and fused into a button or ingot. In the same way, the small 
quantity of gold contained in silver coin, which used to pass unheeded, is 
extracted by sulphuric acid; the recently-coined silver will accordingly 
be found destitute of those traces of gold which are contained in our coin 
of a date anterior to 1826, and in Spanish dollars and other foreign silver, 
When gold and silver are parted by the action of nitric acid, it is neces-— 
sary, as in the case of sulphuric acid, that the silver should be in great 
excess; it is otherwise partially protected from the solvent power of the 
acid. Mr. Johnson, the eminent refiner, tells me that not only are small 
portions of silver volatilized, or in some way carried off by the nitrous 
vapour, but that gold may also be detected in the condensed fumes. In 
his parting furnaces, the nitrous fumes are carried downwards so as to 
pass through the fire, and traces of the precious metals are found in the 
cinders or ashes. 


Assay or Gotp.—The analysis of most of the alloys of 'gold is 
performed by cupellation. A triple alloy of gold, silver, and copper, 
provided there be a sufficiency of silver present, may be analyzed by 
digesting it in nitric acid, which takes up the silver and. copper, and 
leaves the gold in the form of a black powder, which may be fused into a 
button; the silver may be thrown down in the state of chloride, by solu- 
tion of common salt, and the copper precipitated by iron. The assay of 
gold is more complicated than that of silver, in consequence of the double 
operation which it has to undergo, namely, first cupellation, and then 
the separation of the silver by the action of nitric acid. The real quan- 
tity of gold or silver taken for an assay is very small; whatever it may 
be, it is called the assay pound. The silver assay pound is divided into 
12 ounces, and each ounce into penny-weights and half penny-weights. — 
The gold assay pound is subdivided into 24 carats, and each carat into — 
A carat grains, quarters, and eighths. (Arkin’s Dictionary, Art. Assay. 
See also the authorities above quoted, under the Assay of Silver.) - 


CmAracters or tHE Satts or Gorp.—lIt will be observed from the — 
preceding account, that there are, strictly speaking, no oxysalts of gold — 
(the fulminate only excepted?), but that it forms haloid combinations, 
which are easily decomposed and reduced by heat; such of these as are — 
soluble, are recognised by the peculiar precipitates which they afford with — 
protochloride of tin and protosulphate of iron, and by a black precipitate i 
with protonitrate of mercury. Gold is precipitated in the metallic state 
from its chloride, or hydrochloric solution, by the greater number of the 
metals: iron, copper, zinc, and tin, rapidly effect this reduction; lead, 
mercury, and antimony, more slowly; the tardiness of action is sometimes 
caused by the adhesion of a film of gold to the precipitating metal. When — 
silver is used, the production of its chloride also impedes the effect: and 
the same happens with palladium. The gold is generally separated in — 
the form of a brown powder; but copper, iron, zinc, and cadmium, 
occasion the appearance of a metallic film: and bismuth, antimony, arsenic, 
and palladium, become coated with a brilliant covering. Tin, after the 
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separation of a part of the gold, forms the purple of Cassius. Messrs. 
Elkington’s process for gilding by immersing the metals into a hot solution 
of certain aurochlorides, has been above mentioned; they have also 
patented a process for gilding by electrochemical action. 


§ XXXII. PLATINUM. 


Tuis metal was firs; made known in Europe by Mr. Charles Wood, 
who met with its ore in the West Indies, in 1741, and sent specimens of 
it to Dr. Brownrigg, which he afterwards presented to the Royal Society. 
In 1750, a paper was published upon it by Mr. Wood (Pail. Trans.), 
and by Dr. Lewis, in 1754. In 1752 a dissertation upon it was pub- 
lished by Scheffer, of Sweden; and in 1757 by Margraaf. (Mém: Berlin.) 
The labours of later experimentalists in reference to this metal, I shall 
presently have occasion to quote. Its name isa diminutive of the Spanish 
word plata, silver. 

Platinum is found in the metallic state, in small grains, in South 
America, confined to alluvial strata, chiefly in Braziland Peru. It has 
also been found in the province of Antioquia, in North America; and in 
considerable quantities in the Uralian mountains of Siberia. (din. 
Quart. Jour. of Science, v. 323.) The grains, besides platinum, contain 
generally gold, iron, lead, palladium, rhodium, iridium, and osmium, and 
often oxide of titanium and chromate of iron. Rounded masses of the 
metal, however, occasionally occur among them, and are met with in 
mineral collections; these are rarely larger than a small marble, though 
some have been found of the size of a pigeon’s egg and upwards. Bous- 
singault has discovered veins of platinum in the sienitic rocks of Santa 
Rosa, in the province of Antioquia. (Ann. de Ch. et Ph., xxxii.) 

The following details respecting the mode of purifying crude platinum, 
and rendering it malleable, are taken from Dr. Wollaston’s latest paper 
upon this subject published in the Philosophical Transactions for 1829. 

“The usual method of giving chemical purity to this metal, by solu- 
tion in aqua regia and precipitation with sal-ammoniac, are known to 
every chemist; but I doubt whether sufficient care is usually taken to 
avoid dissolving the iridium contained in the ore, by due dilution of the 
solvent. In an account which I gave in the Philosophical Transactions 
for 1804, of a new metal, Rhodium, contained in crude platina, I have 
mentioned this precaution, but omitted to state to what degree the acids 
should be diluted. I now, therefore, recommend, that to every measure 
of the strongest muriatic acid employed, there be added an equal 
measure of water; and, that the nitric acid used be what is called ‘single 
aquafortis;’ as well for the sake of obtaining a purer result, as of economy 
in the purchase of nitric acid. With regard to the proportions in which 
the acids are to be used, | may say, in round numbers, that muriatic 
acid, equivalent to 150 marble, together with nitric acid equivalent to 
40 marble, will take 100 of crude platinum; but in order to avoid waste, 
and render the solution purer, there should be in the menstruum a redun- 
dance of 20 per cent. at least of the ore. The acids should be allowed to 
digest three or four days, with a heat gradually raised. The solution, 
being then poured off, should stand until a quantity of fine pulverulent 
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ore of iridium, suspended in the liquid, has subsided; and should then be 
mixed with Al parts of sal-ammoniac, dissolved in about five times their 
weight of water. The first precipitate, which will thus be obtained, will 
weigh about 165 parts, and will yield about 66 parts of pure platinum. 
As the mother-liquor will still contain about 11 parts of platinum, these, 
with some of the other metals yet held in solution, are to be recoversdy 
by precipitation from the liquor with clean bars of iron, and the precipi- 
tate is to be redissolved in a proportionate quantity of aqua regia, similar 
in its composition to that above directed: but in this case, before adding 
sal-ammoniac, about 1 part by measure of strong muriatic acid should 
be mixed with 32 parts by measure of the nitromuriatic solution, to 
prevent any precipitation of palladium or lead along with the ammonio- 
muriate of platinum. The yellow precipitate must be well washed, 
in order to free it from the various impurities which are known to be 
contained in the complicated ore in question; and must ultimately 
be well pressed, in order to remove the last remnant of the washings. It 
is next to be heated, with the utmost caution, in a black-lead pot, with 
so low a heat as just to expel the whole of the sal-ammoniac, and to 
occasion the particles of platinum to cohere as little as possible; for on 
this depends the ultimate ductility of the product. 

“The gray product of the platinum, when turned out of the crucible, 
if prepared with due caution, will be found lightly coherent, and must 
then be rubbed between the hands of the operator, in order to procure, 
by the gentlest means, as much as can possibly be so obtained of metallic 
powder, so fine as to pass through a fine lawn sieve. The coarser parts 
are then to be ground in a wooden bowl with a wooden pestle, but on no 
account with any harder material capable of burnishing the particles of 
platinum; since every degree of burnishing will prevent the particles 
from cohering in the further stages of the process. Since the whole wil 
require to be well washed in clean water, the operator, in the later stages 
of grinding, will find his work facilitated by the addition of water, in 
order to remove the finer portions as soon as they are sufficiently reduced 
to be suspended in it. 

“Those who would view this subject scientifically should here con- 
sider, that as platinum cannot be fused by the utmost heat of our furnaces, 
and. consequently cannot be freed, like other metals, from its impurities, 
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during igneous fusion, by fluxes, nor be rendered homogeneous by liqui- _ 
faction, the mechanical diffusion through water should here be made to — 


answer, as far as may be, the purposes of melting; in allowing earthy 
matters to come to the surface by their superior lightness, and in making 
the solvent powers of water effect, as far as possible, the purifying powes 
of borax and other fluxes in removing soluble oxides. 


“By repeated washing, shaking, and decanting, the finer parts of the 7 


gray powder of platinum may be obtained as pure as other metals are 
rendered by the various processes of ordinary metallurgy; and, if now 


poured over, and allowed to subside in a clean basin, a uniform <n ora 


pulp will be obtained, ready for the further process of casting. 
“The mould which [have used for casting is a brass barrel 62 ‘neh 
long, turned rather taper within, with a view to facilitate the exteauhed 


of the ingot to be formed, being 1-12 inches in diameter at top, and 1:23 
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inches at a quarter of an inch from the bottom, and plugged at its larger 


extremity with a stopper of steel, that enters the barrel to the depth of a 


quarter of an inch. The inside of the mould being now well greased with 
a little lard, and the stopper being fitted tight into the barrel by sur- 
rounding it with blotting-paper, (for the paper facilitates the extraction 
of the stopper, and allows the escape of water dnring compression,) the 
barrel is to be set upright in-a jug of water, and is itself to be filled with 
that fluid. It is next to be filled quite full with the mud of platinum; 
which, subsiding to the bottom of the water,is sure to fill the barrel 
without cavities, and with uniformity, —a nniforniity to be rendered 
perfect by subsequent pressure. In order, however, to guard effectually 
against cavities, the barrel may be weighed after filling it, and the actual 
weight of its contents being thus ascertained, may be compared with that 
weight of platinum and water which it is known by estimate that the 
barrel ought to contain. A circular piece of soft paper first, and then of 
woollen cloth, being laid upon the surface, allow the water to pass, during 
partial compression by the force of the hand with a wooden plug. A 
circular plate of copper is then placed upon the top, and thus sufficient 
consistency is given to the contents to allow of ihe barrel being laid 
horizontally in a forcible press. 

“ The press which I have generally used for this purpose consists of 
a flat iron bar A B, set edgeways, and screwed down by a hook E, near 
its middle, where it would otherwise be liable to bend, to a strong wooden 
bench C D. The bar is connected by a pivot at its extremity A, with 
the lever AFG. An iron rod F H, which turns at its two extremities 
upon the pivots F and H, proceeds from the lever at F, and, as the lever 
descends, propels forward the carriage I, which slides along the bar. A 
stopper or block being placed in the vacant space I 4, the carriage com-. 
municates motion to the cradle k 7m, which is also made to slide along 
the bar, and carries the barrel N, which lies upon the cradle, straight 
against ‘the piston O, which rests by its end against P, a projection in bi 


further extremity of the bar. 
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“The weight, which in this machjne, when the angle of the lever’s 
elevation is small, will keep the power, applied vertically at the extre- 

| dsj dads es AG x FH 
mity of the lever, im equilibrio = that power x AFLAF + FH] x cotan. 
of the angle of the lever’s elevation; which expression, in the case of the 
press actually used, becomes, power x 5 cotan, of the angle of the lever's 
elevation. This expression, at an elevation of 5°, becomes nearly 60 x 
power, and at an elevation of 10 becomes nearly 300 X power; and when 
the lever becomes horizontal, the multiplier of the power becomes quast 
infinite. This explanation will be sufficient to show the mechanical 
advantage with which, by means of this press, the weight of the operator, 
acting on the end of the lever, will be made to bear against the area of 
the section of the barrel, a circle little more than an inch in diameter. 
After compression, which is to be carried to the utmost limit possible, 
the stopper at the extremity being taken out, the cake of platinum will 
easily be removed, owing to the conical form of the barrel; and being now 
so hard and firm that it may be handled without danger of breaking, it 
is to be placed upon a charcoal fire, and there heated to redness, in order 
to drive off moisture, burn off grease, and give to it a firmer degree of 
cohesion. It is next to be heated in a wind-furnace; and for this purpose 
is to be raised upon an earthen stand about 23 inches above the grate of 
the furnace, the stand being strown over with a layer of clean quartzose 
gand, on which the cake is to be placed, standing upright on one of its 
ends. It is then to be covered with an inverted cylindrical pot, of the 
most refractory crucible-ware, resting at its open end upon the layer of 
sand; and care is to be taken that the sides of the pot do not touch the 
cake. To prevent the blistering of the platinum by heat, which is the 
usual defect of this metal in its manufactured state, it is essential to 
expose the cake to the most intense heat that a wind-furnace can be made 
to receive, more intense than the platina can well be required to bear 
under any subsequent treatment; so that all impurities may be totally 
driven off, which any lower temperature might otherwise render volatile. 
The furnace is to be fed with Staffordshire coke, and the action. of the fire — 
is to be continued for about twenty minutes from the time of lighting it, — 
a breathing heat being maintained during the last four or five minutes. 
The cake is now to be removed from the furnace, and being placed up- — 
right upon an anvil, is to be struck, while hot, on the top, with a heavy ~ 
hammer, so as at one heating effectually to close the metal. If in this) 
process of forging the cylinder should become bent, it should on no 
‘account be hammered on the side, by which treatment it would be cracked 
irremediably; but must be straightened by blows upon the extremities, 
dexterously directed, so as to reduce to a straight line the parts which 
project. 

“The work of the operator is now so far complete, that the ingot of 
platinum may be reduced, by the process of heating and forging, like 
that of ony other metal, to any form that may be required. After forging, 
the ingot is to be cleaned from the ferruginous scales which its surface 1s 
apt to contract in the fire, by smearing over its surface with a moistened 
mixture of equal parts by measure of crystallized borax and common salt 
of tartar, which, when in fusion, is a ready ‘solvent of such impurities, 
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and then exposing it, upon a platina-tray, under an inverted pot, to the 
heat of a wind-furnace*. The ingot, on being taken out of the furnace, is 
immediately to be plunged into dilute sulphuric acid, which in the course 
of a few hours will entirely dissolve the flux adhering to the surface. 
The ingot may then be flattened into leaf, drawn into wire, or submitted 
to any of the processes of which the most ductile metals are capable. 

“‘ The perfection of the methods above described, for giving to platinum 
complete malleability, will best be estimated by comparing the metal thus 
obtained, in respect of its specific gravity, with platinum which has under- 
gone complete fusion; and by comparing it, in respect of its tenacity, 
with other metals possessing that quality in the greatest perfection. The 
specific gravity of platinum, drawn into fine wire, from a button which 
had been completely fused by the late Dr. E. D. Clarke, with an oxy- 
hydrogen blowpipe, I found to be 21:16. The aggregate specific gravity 
of the cake of metallic mud, when first introduced into the barrel, exclu- 
sively of moisture, is about 4:3; when taken from the press it is about 
10. That of the cake fully contracted, on being taken out of the wind- 
furnace before forging, is from 17 to 17°7.. The mean specific gravity of 
the platinum, after forging, is about 21:25, although that of some rods, 
after being drawn, is 21:4: but that of fine platinum-wire, determined by 


comparing the weight of a given length of it with the weight of an equal 


length of gold-wire drawn through the same hole, I find to be 21:5, 
which is the maximum specific gravity that we can well expect to be 
given to platinum. 

“The mean tenacity, determined by the weights required to break 
them, of two fine platinum-wires, the one of s,/g5, the other of +g, of 
an inch in diameter, reduced to the standard of a wire 33, of an inch in 
diameter, I found to be 409 pounds; and the mean tenacity of eleven 
wires, beginning with 755 and ending with 35395 of an inch, reduced 
to the former standard, I found to be 589 pounds; the maximum of these 
eleven cases being 645 pounds, and the minimum 480 pounds. The 
coarsest and the finest wire which I tried present exceptions, since a wire 
of <4, of an inch gave 290 pounds, and a wire of s53o, of an inch, 190 
pounds. If we take 590 pounds, as determined by the eleyen consecutive 
ivials, to be the measure of the tenacity of the platinum prepared by the 
process above described, and consider that the tenacity of gold-wire, 
reduced to the same standard, is about 500, and that of iron-wire 600, 
we shall have full reason to be satisfied with the processes above detailed, 
by which platinum has been rendered malleablet.” 


* “The chemist will find this flux very 
serviceable for removing from his cruci- 
ble or other vessels of platinum those fer- 


‘ruginous scales with which, after long 


use, and particularly after being strongly 
heated ina coal or coke fire, they become 
incrusted. In the analysis of earthy 
minerals, I have been in the habit of 
using a similar flux, composed of two 
parts by weight of crystallized carbonate 
of soda, and one of crystallized borax, 
well ground together, It has the advan- 


i res , 


tage of not acting, like caustic alkali, 
upon the platinum, crucible, and is a pow- 
erful solvent of jargon and many other 
minerals, which yield with difficulty to 
other fluxes. If the mineral to be ope- 
rated on requires oxidation, in order to 
decompose it, a little nitre or nitrate of 
soda may be added.” 

+ The method followed in Paris for 
obtaining pure platinum is described by 
Baruel. (Quart, Jour. of Science, xii.) 
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_ ‘The specific heat of platinum, as determined by Regnault, is 0:03243. 
Its colour is between that of iron and silver: its extreme difficulty of 
fusion, and the perfect manner in which it resists the action of almost all 
_acids even at a boiling or even red heat, render it importantly useful in 
many of the arts, and indispensable for various purposes in the chemical 
laboratory. The curious action of clean surfaces of platinum, and of 
spongy platinum, and of black platinum (see chloride of platinum), upon 
gaseous mixtures, and especially in determining the combination of 
oxygen and hydrogen (p. 386), has also rendered it useful in gaseous 
analyses, and seems likely to lead to other applications. A piece of 
paper, dipped into solution of chloride of platinum, dried and burned, 
yields an ash which exhibits the properties of finely-divided platinum 
in perfection. 

Although platinum is infusible in the highest heat of a furnace, it 
softens so as to admit of welding and forging as above stated; but in the 
arc of flame of the voltaic current, and before the oxyhydrogen blowpipe, 
it admits of being fused even in considerable masses, and when very 
intensely heated it boils and evaporates, and thin filaments of it scintillate 
and appear to burn. Dumas states that platinum may be fused in contact 
with charcoal, but that it then becomes harsh and brittle by combination 
with a little silicrum. 

Although pure platinum is insoluble in nitric acid, yet when alloyed 
with certain other metals soluble in that acid, it is taken up; as for 
instance, with silver. It is attacked at high temperatures by the alkalis, 


especially by lithia and  potassa, and also by nitre and the alkaline per-— 


sulphurets: it is not affected by sulphur unless in the spongy or finely- 
divided state, but it combines with the greater number of the metals, and. 
with many of them forms very fusible compounds; these actions will be 


presently particularly considered; they show the necessity of caution as. 


to the substances which are ignited or fused in platinum crucibles, and as 
to the fuel with which they are brought into contact. . 

The determination of the equivalent of platinum is open to the same 
difficulties as that of gold. I have adopted 99, which will be found 


sufficiently consistent with the analytical results which I shall quote. . 


Dr. Turner, upon the authority of Berzelius, assumes 98°8, and L. 
Gmelin employs the lower equivalent, 48. The number 99 nearly agrees 
with the deduction from its specific heat (p. 163). 


_ Pratinum anp Oxycrn.—The affinity of this metal for oxygen is like 
that of gold, extremely feeble; it shows no disposition to become an oxide, 


by exposure to air or oxygen at any temperature; and although a strong 
electric discharge, when transmitted through a fine platinum-wire, dissi- . 


rates it into black dust, this, as in the analogous case of gold, is probably 
finely-divided metal, and not the result of combustion or oxidizement. 
Four definite oxides of platinum are supposed to exist, but of these only 
two can be satisfactorily identified. 


SUBOXIDE OF PLATINUM. (2 plat 0.)—When nitrate of mercury 19 - 


added to a dilute solution of perchloride of platinum, a powder falls, ; 


which, when carefully heated, gives off calomel, and leaves a black owide — - 


gre 


4 ' 
ey. 


OXIDES OF PLATINUM. 9§) 


of platinum, composed, according to Cooper, of 100 platinum +4 4:5 
oxygen. (Journal of Science and the Arts, vol. iii.) It forms the base of 
an excellent black enamel. 


Proroxipe oF Puarinum. ( plat 0.)—When protochloride of pla- 
tinum is gently heated in a solution of caustic potassa, a black oxide is 
formed, part of which is dissolved by the alkali, and part precipitated: it 
may be thrown down from its alkaline solution, which is green, or black 
if concentrated, by dilute sulphuric acid. Heated in a retort, it is reduced, 
with the escape of water and oxygen gas. It slowly dissolves in the 
acids, most of which decompose it and resolve it into peroxide and metal: 
its solutions are not precipitated by sal-ammoniac. Concentrated hydro- 
chloric acid is its best solvent. According to Berzelius, this is the prot- 
oxide, and consists of 

Berzelius. 
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Protoxide of platinum 


SESQUIOXIDE OF PLATINUM. .( pla +140.)—When sulphate of platinum 
is decomposed by ammonia, and the precipitate boiled in weak solution 
of potassa and cautiously dried, it constitutes fulminating platinum: when 
this is digested in nitric acid a gray powder remains, composed of 100 
platinum, 11°86 oxygen. (E. Davy, Phil. T'rrans., 1820.) When spongy 
platinum is heated to redness in an open vessel with caustic potassa, and 
the product, when cold, washed with water, a gray powder is obtained, 
which is partly dissolved by the alkali: the residue, washed with dilute 
nitric acid, and afterwards with water, is also supposed to be sesquiowxide of 
platinum, consisting of , 

' : E.. Davy. 
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PEROXIDE OF PLATINUM. ( plate 0.)—When sulphuret of platinum 
1s digested in nitric acid, and carefully evaporated, or when perchloride 
of platinum is gently heated in sulphuric acid, a dark-brown solution of 
persulphate of platinum is obtained: if this solution be mixed with nitrate 
of baryta, sulphate of baryta is thrown down, and pernitrate of platinum 

_ remains dissolved; this may be in part decomposed by solution of caustic 

soda, which forms a yellow precipitate, becoming brown when carefully 

washed and dried, and which is a hydrated peroxide. Heated in a retort, 

it first gives out water and becomes black; at a higher temperature it 

evolves oxygen, and the metal is reduced: it has a very feeble attraction 

for the acids, but readily combines with many of the salifiable bases; it 

dissolves in the caustic and carbonated alkalis, and may be combined with 

lime, strontia, and baryta, by adding those earths to its acid solution, 

_ when it falls in union with them in the form of a yellow powder. 

— (Berzeuivs.) It forms a fulminating ammoniacal compound, similar to 
 fulminating gold. This oxide consists of 
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a Berzelius. Chenevix. 
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Peroxide of platinum 


PROTOCHLORIDE oF PLATINUM. ( pla+c.)—When perchloride of 
platinum is exposed in a porcelain capsule to a temperature not exceeding 
that of melting tin, and stirred as long as it evolves chlorine, it is converted 
into a gray powder, insoluble in water, and not decomposed by sulphuric 
or nitric acids. It dissolves in boiling hydrochloric acid, and is decom- 
posed, as above stated, by caustic alkali, which separates protoxide. It 
is decomposed at a red heat, and only gives out chlorine, without a trace 
of water. It consists of Berzelius. 
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Protochloride of platinum 1 135 100°0 100°0 


When alcohol is gradually added to a hot concentrated solution of 
protochloride of platinum in liquid potassa, effervescence ensues from the 
escape of carbonic acid, and a black powder falls, which, boiled succes- 
sively with small portions of alcohol, then with hydrochloric acid, and 
then with potassa, and lastly with repeated portions of water, is Liebig’s 
platinum black: it must be separated by decantation, and dried in 
a porcelain capsule to avoid contact of organic matter. It is metallic 
platinum ina state of extreme comminution; it may be heated to red- 
ness without change of appearance, but at a white heat it assumes metallic 
lustre; it becomes incandescent when moistened with alcohol, oxygen is 
absorbed, and acetic acid formed; it immediately inflames a current of 
hydrogen in the contact of air; it absorbs about 750 times its volume of 
hydrogen, and also absorbs and retains other gaseous bodies. 

When excess of ammonia is added to the hydrochloric solution of proto- 
chloride of platinum, and the mixture boiled, it becomes.turbid,and deposits 
deep-green acicular crystals, insoluble in water and in hydrochloric acid, 
which consists of 1 atom of protochloride of platinum and 1 of ammonia 
(pla+ C+A). (Maenus.) This salt is not affected by boiling caustic 
alkalis, nor by boiling sulphuric or hydrochloric acid; so that, as Gros 
observes, it is difficult to admit that it contains “ ammonia in the state of 
ammonia.” When it is digested in hot nitric acid it is converted into a 
white granular crystalline powder, easily soluble in water, and half the ¢ 
- platinum of the green salt is at the same time separated in its metallic 
state. Neither the chlorine nor the platinum of this nitric salt can be 
detected by the usual tests: its elements are ] atom of protochloride of pla- 
tinum, 2 of ammonia, | of oxygen, and | of nitric acid, so that its ultimate 
elements are ( pla +€+3N+60+6 h). When a hot saturated solution of 
this nitric salt is mixed with sulphate of soda, the nitric acid is displaced 
by the sulphuric, and a corresponding sulphate obtained; and a hydrochlo- 
rate, phosphate, oxalate, &c. may be similarly obtained by double decompo- 
sition. These salts are represented by Gros as containing a compound base, 
which he compares to ammonium, represented by (plat+c+2n+sh) 
=B. The nitrate will then be (B+0+%’), the sulphate (B+0+S/), 
and the hydrochlorate (B+ €), &ce. (Ann. de Ch. et Ph., uxix. 204.) 
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PreRcHLORIDE oF PLatTiINuUM. BIcHLoRIDE oF PLATINUM. ( pla +2 C,)— 
When the solution of pure platinum in nitrohydrochloric acid is evapo- 
rated, it affords a deep-brown liquid, which shoots into prismatic crystals, 
consisting of hydrated perchloride of platinum and hydrochloric acid; on 
further evaporation it yields a brown saline mass, which becomes deeper 
coloured upon the expulsion of its combined water. It is then a perchlo- . 
ride of platinum, yielding a deep-yellow solution in water, and easily 
soluble in alcohol and in ether. The alcoholic solution is a useful re-agent 
to detect the presence of potassa: the salt, the base of which is to be 
ascertained, is first heated to expel ammonia, in case any should be 
present; it is then dissolved in the smallest possible quantity of water, 
and mixed with the alcoholic solution of the perchloride: if it be potassa, 
a triple salt, insoluble in alcohol, is thrown down; if not, the liquid 
remains clear. Of this double potassium salt, 100 parts are equiva- 
lent to 19°3 of potassa, and to 40-4 of platinum. (Brrzetivs.) Perchlo- 
ride of platinum consists of 
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PLATINO-cHLoRIDES.—Both the chlorides of platinum enter into 
definite combination with the chlorides of the alkaline bases, and form 
platino-protochlorides, and platino-perchlorides. (BonsporFr, Poggend. 
Ann., xiv. Macnus, Ann. de Ch. et Ph., uxix. 204.) 


. PLATINO-PROTOCHLORIDE oF AMMONIA (plat ¢)+(A+he/) is ob- 
tained by adding an equivalent of sal-ammoniac to 1 of protochloride of 
platinum, dissolved in hydrochloric acid: it forms deep-red crystals. 


PLATINO-PROTOCHLORIDE oF Potassium. (/) la+ po+2¢.)—This salt 
was obtained by Magnus in the form of red anhydrous four-sided prisms, 
insoluble in alcohol, by evaporating a solution of protochloride of platinum 
and chloride of potassium in hydrochloric acid. It consists of 


Platinum 


bs weed) |. , 46°9 pi retail 1 185. . 63°9 
Potassium 1 40... 3 90}. or : . 
Chloride of } 1 76 36+] 
Chioritie* 2:.% 72 .. 341 potassium a4 ‘* 
1 211 100°0 l 211 100°0 


PLATINO-PROTOCHLORIDE OF Sopium, similarly obtained, is not ery- 
- stallizable, and very soluble in alcohol. 


PLATINO-BICHLORIDE OF AMMONIA. AMMONIO-MURIATE OF PLATINUM. 
( pla +2C)+ (A+ Ac?).—This is the well-known yellow powder which 
falls when solutions of perchloride of platinum and sal-ammoniac are mixed. 
When it is exposed to heat it loses a little water, and a compound of sal- 
ammoniac and protochloride of platinum is at first formed; the ammonia 
is ultimately decomposed, and the platinum remains in the peculiar 
spongy state before referred to. ‘This ammonio-chloride is very sparingly 
soluble in pure water; rather more so in water acidulated by hydrochloric 
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acid: insoluble in alcohol. If the solution from which it is precipitated 
contain iridium or palladium, it has a tawny-red colour; these may be 
removed by boiling in dilute nitric acid and filtering the red solution 
whilst hot; as it cools it deposits a red crystalline powder, which 1s 
generally a triple salt of iridium, and from which the acid may be poured 
off for use as before. This double chloride, when carefully dried, contains 
between 44 and 45 per cent. of platinum: it is a compound of 
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PLATINO-BICHLORIDE OF Potassium. () la+2¢)+( po+c).— This 


salt is thrown down in the form of a yellow powder when solutions of 


chloride of potassium and of bichloride of platinum are mixed; it is very 
sparingly soluble in water, and is deposited from its boiling solution in 
small octoédral crystals: it is insoluble in alcohol; when heated it evolves 
chlorine, and leaves a mixture of metallic platinum and chloride of potas- 
sium. Its difficult solubility renders bichloride of platinum, as already 
stated, a useful test of the presence of salts of potassa. It is anhydrous, 
and contains | 


Bichloride of platinum. . . 1 171 8 695 
Chloride of potassium . dee, 76°. 4 SOS 
Platino-bichloride of potassium 1 247 100:0 


PLATINO-BICHLORIDE OF Sopium. ( plate C)+(S0+ C).—Chloride 
of sodium occasions no precipitate with bichloride of platinum, but the 
mixed solutions yield on evaporation prismatic or tabular crystals, of a 
deep orange-colour, soluble in water and in alcohol, and which, when 
heated, lose 19:25 per cent. of water of crystallization, and leave the 
anhydrous double salt: the crystals, therefore, contain 


Bichloride of platinum, ;. =. 9° .%-1 2. Vil. ~~ 600 
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Crystals of platino-bichloride of sodium 


PLATINO-BICHLORIDE of Bartum.—When baryta-water is gradually 
added to a solution of bichloride of platinum, a precipitate falls composed 
of baryta and peroxide of platinum (platinate of baryta). The solution 
contains excess of baryta, which falls in the form of carbonate by ex- 
posure to air, and afterwards small crystals of the double salt are deposited. 
This salt may also be formed by mixing the two chlorides in atomic pro- 
portions: the crystals are orange-coloured, and in form and appearance 
resemble those of chromate of lead. They consist of . 
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PLATINO-cHLORIDES oF Catcrum AND Strontium have been described 
by Bonsdorff, as also those of magnesium, manganese, iron, zinc, cadmium, 
copper, nickel, and cobalt: the crystals of the last eight are isomorphous, 
and consist of 1 atom of the bichloride of platinum, 1 atom of the basic 
chloride, and 6 atoms of water. 


PLATINO-CHLORIDE oF Sinver is thrown down as a yellow basic salt 
when solutions of bichloride of platinum and nitrate of silver are mixed; 
the residuary liquid remains colourless: boiling hydrochloric acid abstracts 
the chloride of platinum, and leaves the chloride of silver nearly without 
colour. (VauQuELin.) 


ProronitRaTe or Pratinum is obtained by digesting the protoxide in 
dilute nitric acid: it is of a very deep brown colour, and is decomposed 
by evaporation, leaving peroxide of platinum. 


Pernirrate or Pratinum, formed by dissolving the peroxide in 
nitric acid, is of a dark-brown colour: when evaporated to dryness, water 
digested upon the residue leaves a subsalt. The addition of potassa 
throws down half the oxide, and afterwards a triple compound of nitric 
acid, oxide of platinum, and potassa. : 


ProrosutPHuREr or Puatinum. ( pla +$.)—1. By heating platinum 


with sulphur in an exhausted glass tube. (E. Davy.) 2. By heating 


ammonio-chloride of platinum with twice its weight of sulphur, to redness, 
in a covered crucible. (Vauauenin.) It is a gray or black powder; 
specific gravity 6-2; unaltered by air or water; scarcely attacked by the 
boiling acids; decomposed when ignited with chlorate of potassa. It 
consists of 

Vauquelin. J. Davy. 
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Bisutpnurer or Pratinum. ( pla+es.)—When a solution of per- 
chloride of platinum is mixed with sulphuret of ammonia or potassium a 
black powder falls, which when dried in vacuo over sulphuric acid, 
contains, according to Berzelius, no traces of water. When this precipi- 
tate is exposed upon paper to dry in the air, the sulphur absorbs oxygen, 
and becomes sulphuric acid, which chars the paper. When sulphuretted 
hydrogen is passed through solution of bichloride of platinum, the pre- 
cipitate which falls consists of chloride and sulphuret of platinum. The 


_ bisulphuret consists of 


Vauquelin. Berzelius. 
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Bisulphuret of platinum 1 131 100°0 100 100-00 


ProtosutrHate or Pratinum is obtained when a solution of prot- 
oxide of platinum in caustic potassa is saturated with sulphuric acid, the ° 
liquid poured off, and the precipitate dissolved in dilute sulphuric acid: 
the concentrated solution is opaque and black; diluted with water it 


becomes red, and appears gradually to pass into persulphate. Vauquelin 
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obtained this salt by digesting protochloride of platinum in sulphuric acid. & 


The oxide is slowly precipitated from this sulphate by caustic alkali. 
(BERZELIUS.) Ae : Ss 


PrERsuLPHATE OF PLatrinum is obtained by acidifying the sulphur in 
the sulphurets, by means of nitric acid. It is of a very deep brown or almost 
black colour, and very soluble in water, alcohol, and ether; with soda, 
potassa, and ammonia, it forms double salts. It is a very delicate test of 
the presence of gelatine, with solutions of which it forms a brown pre- 
cipitate. | 3 


Futmiatinc Piatinum.—E. Davy found that the precipitate from 
solution of sulphate of platinum by a slight excess of ammonia, when 
boiled in potassa, washed and dried, was a fulminating platinum; it 
explodes at about 420°, with a loud report, and appears to be a compound 
of oxide of platinum, ammonia, and water. (Phil. Trans., 1817.) He 
has also described a compound of platinum, (Phil. T'rans., 1820, p. 108,) 
‘obtained by mixing equal volumes of strong aqueous solution of the 
sulphate and of alcohol. The colour of the sulphate slowly disappears, 
and in some days a black substance subsides, which is washed and dried. 
It is also formed by boiling the sulphate and alcohol together for a few 
minutes. This substance is permanent in the air and insoluble in water. 
It detonates feebly when heated, and is not affected by chlorine, nor by 
nitric, sulphuric, or phosphoric acids; but it is slowly soluble in hydro- 
chloric acid. Put into liquid ammonia, it acquires fulminating properties; 
and plunged into ammoniacal gas it becomes red-hot: the same phe- 
nomenon is exhibited by exposing it to the vapour of alcohol, or by 
placing it upon a piece of paper moistened with that fluid: im these cases 
the platinum is reduced with the evolution of heat, and the ignition seems 
to depend upon the slow combustion of the vapour of the alcohol: some 
of these properties correspond with those of platinum-black (p. 990). 


PuospHurer oF PxatTinum. ( pla + p).— According to E. Davy, 
there are two phosphurets. The first, obtained by heating phosphorus 
with the metal: the second, by heating phosphorus with the ammonio- 
chloride of platinum. Platinum crucibles are easily injured by the phos- 
phorus evolved during the decomposition of phosphoric salts. 


SeLENIURET or Puatinum.—Selenium and finely-divided platinum - 


combine with the evolution of heat into a gray powder, which is decom- 
posed when heated in the air; selenium attacks: platinum crucibles when 
evolved in them, and they may be cleansed by blowing a current of air 
into them when red hot. ‘ | 


CyaNURET oF PLATINUM has not been obtained in .a separate state, 
nor has the precipitate formed by ferrocyanuret of potassium in a strong 


solution of bichloride of platinum been satisfactorily examined. A double — 


-cyanuret of platinum and potassium is obtained according to L. Gmelin 


‘as follows: spongy platinum is mixed with its weight of ferrocyanuret of 7 


potassium and heated to incipient redness, but not higher: the platinum 
separates a part of the iron from the cyanogen, and when the mass is 
dissolved in water the platino-cyanuret may be separated by exystallization; 
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the crystals are yellow in one direction, but blue in the direction of their 
axes: they effloresce and become pale-red in the air, but still retain 19-4 
per cent. of water, which requires a higher temperature for its separation, 
This salt is abundantly soluble in hot water, but the greater part erystal- 
lizes as the solution cools: the solution gives a scanty white precipitate, 
with solutions of the oxides of zinc, tin, and mercury; a pale-blue with 
the protosalts of iron, and a reddish-brown with the persalts of iron; a 
greenish blue with the salts of copper; and a white curdy precipitate 
which blackens by exposure to light, with nitrate of silver: it is not 


precipitated by nitrate of lead. This salt in crystals, consists, according 
to Gmelin, of | 
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SULPHOCYANURET oF Pxatinum forms, according to Grotthuss, a 

bulky flocculent precipitate of a yellow-colour: it is soluble in acids and 

in solutions of chloride of potassium and sodium, and of sal-ammoniac: 
alcohol throws it down again from these solutions, 


Autoys or Pratinum.—With potassium and sodium it forms com- 
pounds which decompose water. (Davy.) Its alloy with manganese is 
unknown, Iron and platinum in equal parts form a crystalline alloy 
which takes a fine polish. According to Dr. Lewis, the alloy of cast iron 
and platinum is hard, tough, and somewhat ductile, the density greatly 

_ éxceeding the mean: it is brittle when hot. Stodart and Faraday found 
the toughness and smoothness of steel improved by one hundredth of 
platinum. (Phil. Trans., 1822.) Wires of steel and platinum, when 
welded and polished, exhibit a curious and beautiful surface, especially 
when the steel parts are slightly acted upon by dilute acid. This welding 
property of platinum may be usefully applied in the arts; wires may be 
joined so as to form rings and chains; and with a view to economy, pla- 
tinum may be joined to iron or steel for many uses in the laboratory of 
the:chemist. Platinum dissolves in fused zinc; the alloy is bluish- white, 
brittle, and hard: one twentieth of platinum destroys the malleability of 
zinc, and one fourth of zinc renders platinum brittle. (Lewis.) Tin and 
platinum combine in all proportions, forming alloys more or less brittle 
and fusible. When tin-foil and platinum are wrapped together and 
heated by the blowpipe, they combine with incandescence. (Fox, Ann. 
Phil, xiii. 467.) The alloy of cadmium and platinum is white, granular, 
brittle, and easily fusible: heated till the excess of cadmium is expelled, 
it contains 100 platinum+-117 cadmium. (Tuomson.) The alloy of 
cobalt and platinum is comparatively fusible. With its weight of nickel 
platinum forms a pale-yellow alloy, susceptible of a high polish, and 
obedient to the magnet. Copper and platinum form alloys, the ductility 
and colour of which, vary with the proportions. Platinum easily destroys 
the colour of copper: this compound has been recommended for the 
amirrors of reflecting telescopes: an alloy of 7 platinum, 16 copper, 1 zine, 
resembles gold in colour. (Cooprr, Quart, Journ., iii. 119.) Lead-and 
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platinum form brittle alloys,.not entirely decomposed by cupellation. 
(Dumas.) Antimony forms a gray compound with platinum, partly 
decomposed by heat; and entirely, by roasting: these metals enter into 
ignition when they combine, in the same manner as tin and zinc. (Fox.) 
Bismuth and platinum form brittle alloys not entirely decomposed by 
cupellation. (Lewis.) Arsenic and platinum form a dark-gray, brittle 
alloy. When particles of arsenic are placed upon red-hot platinum-leaf, 
they immediately fuse a hole in it. When 2 parts of platinum, 2 of 
arsenious acid, and 1 of potassa, are fused together, a compound of 89 
platinum, and 10 of arsenic (1 atom of each), is obtained: its density is 
16-4; it is fusible at a red heat, but the whole of its arsenic cannot be 
expelled by heat. Equal parts of molybdenum and platinum melted into 
a hard, brittle mass: when the proportion of platinum was increased, the 
fusion was not complete. (Hienm.) Mercury amalgamates difficultly 
with platinum: a compound of 63 of mercury, and 37 of platinum, is a 
soft solid: spongy platinum forms the readiest combination: this amalgam 
adheres well to the surface of glass. Silver and platinum form fusible 
and ductile alloys; when the silver predominates they are soluble in 
nitric acid; by boiling sulphuric acid, the silver only is dissolved. When 
the alloy is kept in fusion, its components have a tendency to separate. 
Gold and platinum require a strong heat for combination, and the colour 
of the gold is greatly deteriorated even by one-twenty-second of platinum: 
an alloy of 4 of platinum, and 1 of gold, nearly resembles platinum in 
colour; the gold colour does not predominate till it forms eight-ninths of 
the alloy. (Harcnerr. Kuaproru.) ; 

The perfection with which vessels of platinum resist the action of heat 
and air, of most of the acids, and of sulphur and mercury, render them 
peculiarly valuable in many of their applications; but its high value is 
against its very general adoption, for, although much cheaper than gold, 


it is worth between four and five times its weight of silver. Berzelius | 


observes (Lenrpucn), that in the employment of platinum vessels, the 
following precautions must be attended to: 1. They must not be sub- 
jected to the action of compounds which evolve chlorine. 2. Nitre, and 
the alkalis, must not be fused in them. 3. No metallic reductions must 
be performed in them; nor compounds of phosphorus decomposed so as 
to evolve that substance. 4. When metallic oxides are heated in a 


platinum crucible, the heat must not be raised beyond redness, provided ~ 


the oxide is easily decomposed: hence the caution requisite with the 
oxides of lead, bismuth, copper, cobalt, nickel, and antimony, which, 
though they may not effect the fusion of the, crucible, spoil it by their 
action upon its interior surface, which is rendered rough and porous. 


5. That the immediate contact of the fuel (charcoal should always be 


used) with the crucible should be avoided as much as possible, especially 
at very high temperatures; for it is thus, in the process of time, rendered 
brittle and unsound. Small holes and fissures may be filled up and 


soldered with pure gold, but in that case the vessel must not be exposed 


to a white heat, because then the gold and platinum combine. It would 
appear from Mr. Daniell’s experiments (On a new register pyrometer, 
Phil. Trans., 1831, p. 315,) that one cause of the brittleness which pla- 
tinum acquires when repeatedly heated in the usual fuel, depends upon 
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the absorption of silicium, to the amount of about 3 per cent. A high 
temperature appears necessary to effect this combination, which is some- 
what analogous to the absorption of carbon by iron in the process of 
making steel by cementation. : 


CHARACTERS OF THE Satts oF Pratinum.—The difficult solubility 
of the ammonio and potasso-chlorides of platinum, and the solubility of 
the corresponding soda-compounds, are very characteristic of this metal. 
Phosphate of soda produces no precipitate in chloride of platinum; the 
ferrocyanurets of potassium throw down the platino-chloride of potassium : 
cyanuret of mercury occasions no precipitate: iodide of potassium com- 
municates a reddish-brown colour to solutions of the chlorides of platinum, 
and gradually produces a brown precipitate; and if the mixture be heated 
in a matrass, the glass acquires a coating of metallic platinum. All the 
metals which reduce the chloride of gold, with the exception of palladium, 
act similarly upon chloride of platinum, but its complete separation in 
the metallic state is slow: iron, zinc, cadmium, and copper, are its most 
effective precipitants; they separate it as a black powder, which sometimes 
adheres in films to the glass. : 


§ XXXIV. PALLADIUM. 


Pa.Lapium was discovered by Wollaston in 1803: it is always asso- 
ciated with the other metals mentioned in the last section as constituting 
the ore of platinum: it has also been found by M. Zinken in the gold 
and lead ores of the duchy of Anhalt Bernburg (Ann. de Ch. et Ph., 
x1iv. 201), and is common in Brazilian gold. 

Palladium is separated from the ore of platinum by the following 
process. (Wotzaston, Phil. Trans., 1805.) Digest the ore in nitrohydro- 
chloric acid, neutralize the redundant acid by soda, throw down the pla- 
tinum by sal-ammoniac, and filter: to the filtered liquor add a solution 
of cyanuret of mercury: a yellow flocculent precipitate of cyanuret of 


_ palladium is soon deposited, which yields palladium on exposure to 


heat. 

_ To obtain malleable palladium, Dr. Wollaston gives the following 
more explicit directions. (Phil. Trans., 1819.) “The residuum obtained 
from burning the cyanuret of palladium is to be combined with sulphur, 
and each cake of the sulphuret, after being fused, is to be finally purified 
by cupellation, in an open crucible, with borax and a little nitre. The 


_ Sulphuret is then to be roasted, at a low red-heat, on a flat brick, and 


pressed, when reduced to a pasty consistence, into a square or oblong and 
perfectly-flat cake. It is again to be roasted very patiently, at a low red- 
heat, until it becomes spongy on the surface. During this process sul- 
phur flies off in the state of sulphurous acid, especially at those moments 
when the heat is allowed occasionally to subside. The ingot is then to 
be cooled; and when quite cold, is to be tapped with a light hammer, in 


__ order to condense and beat down the spongy excrescences on its surface. 


The alternate roastings and tappings (or gentle hammerings) require the 
utmost patience and perseverance, before the cake can be brought to bear 


hard blows; but it may, by these means, at length be made so flat and 
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square, as to bear being passed through the flatting-mill, and. so laminated 
to any required degree of thinness. Thus prepared, it is always brittle 
while hot, possibly from its still containing a small remnant of sulphur: 
I have ath fused some palladium per se, without using sulphur; but I 
have always found it, when treated in this way, 80 hard and difficult to 
manage, that I greatly prefer the former process.” 

Palladium is of a dull-white colour, malleable and. ductile. Its 
specific gravity is about 11:3, or 11°86 when laminated. Its specific heat 
is 0'05927. (ReGNavtr.) It is hard. It fuses at a temperature above 
that required for the fusion of gold, and when intensely heated by the 
oxy-hydrogen blowpipe, it is dissipated i in sparks. When heated over the 
flame of a spirit-lamp, it acquires various shades of blue upon its surface, 
in consequence of superficial oxidation. It is acted on by the greater 
number of the acids when aided by heat, and also by potassa and nitre: 
it is blackened when an alcoholic solution of iodine is evaporated from 
its surface, which is not the case with platinum: it has a strong affinity 
for cyanogen. The equivalent of palladium appears to be somewhere 
between 52 and 57. I have adopted 54. (53°3 Turner. 56 GMELIN.) © 

Dr. Wollaston has ascertained the existence of native palladium in 
the ore of platinum. It is in small fibrous grains. 


PROTOXIDE OF PALLADIUM. (pal+ 0).—By carefully heating the 
nitrate of palladium to dull redness, a black oxide is obtained, which 
dissolves in hydrochloric acid without evolving chlorine. When nitrate 
of palladium is, precipitated by an alkali, the red or dark-orange coloured 
powder which falls, is an hydrated oxide. This oxide consists of 


Berzelius. 
Palladium ] Wari. ts 87 ep 2 OL Ou 
Oxygen ae | 8 Syria 
Protoxide of palladium 1 62 100 100:00 


Brnox1IpE oF Panuapium. ( pal+s 0.)—To prepare this oxide 
Berzelius recommends that a solution of potassa, or its carbonate, in 
excess, should be poured by little and little on the solid bichloride of 
' palladium and potassium, and the materials well intermixed;. water is 
not first added, because it decomposes the double chloride, and ‘the alkali 
is not added all at once, because the oxide would then be dissolved at. 
first, and afterwards separate as a gelatinous hydrate, which could not be — 
purified by washing. When prepared according to the foregoing direc- 
tions, the binoxide is obtained as a hydrate, of a deep yellowish-brown 
colour, which retains a little potassa in combination, but on heating the 
solution to 212° the alkali is dissolved, and the anhydrous pack oxide 
left. (Turner's Elements.) : 


SuLPHATE oF Pauuaprum is formed by digesting the metal in “eld 
phuric acid, or by eh cominiaeee the nitrate by that acid: it is a soluble 
red salt. 


PROTOCHLORIDE OF PALLADIUM ( pal +C) is obtained. by digesting 
palladium in hydrochloric acid with a little nitric acid, and evaporating 
to dryness: it forms a brown powder, which is "lack when rendered — 
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anhydrous. It forms double salts with most of the other chlorides. It 
consists of . ek  anatitelr Aa 


EAMAGhiny ©.) neg ert 54. 60 
Chlorine . 1 SO 2 40 
Protochloride of palladium 1 90 100 


AMMONI0-PROTOCHLORIDE oF PatuApium is a soluble salt which is. 
convertible into perchloride of palladium, by boiling with nitrohydrochlo-. 
ric acid. By adding excess of ammonia to this sait, another ammonio- 
chloride is formed, which is an insoluble yellow powder. | 


-PALLADIO-PRoTOCHLORIDE oF Porasstum is formed by dissolving 
(pal+ C) with (P0+C). It crystallizes in four-sided prisms, soluble 
in water and precipitated from this solution by alcohol in the form of 
brilliant yellow scales. The corresponding sodium sa/t is soluble in alco- 
hol, and deliquescent. . 


PERCHLORIDE OF PattapiuM. BicHLoRIDE oF PALLADIUM. ( pal +20.) 
—Obtained by dissolving the protochloride in nitrohydrochloric acid, and 
applying a gentle heat: the solution is almost black, and gives a red pre- 
cipitate with chloride of potassium: when the solution is boiled, chlorine 
is evolved, and protochloride formed. It consists of 


Palladium oe eS eek. aay eet a2 
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Bichloride of palladium 1 126 © 100-0 


PALLADIO-BICHLORIDE OF Potassium. ( pal +2€)+(po-+ €).—When 
the palladio-protochloride of potassium is digested in nitrohydrochloric. 
acid and evaporated to dryness, the above compound is obtained in the 
form of a red crystalline powder: it is very sparingly soluble in cold. 
water, and hot water partially decomposes it with the formation of hydro- 
chloric acid and binoxide of palladium: heated till it fuses, it evolves 
chlorine, and becomes the protosalt. The corresponding ammontacal salt 
is also of a cinnabar-red colour. — 


Nitrate or Pattapium.—Palladium, especially when aided by heat, 
dissolves in nitric acid, forminga red solution, which leaves a red sub- 
nitrate on evaporation. 


_ SULPHURET or PALLapium. (pal + §.)-—This compound is readily 


formed. by fusing sulphur with palladium; it is white, hard, and fusible, 


and when long exposed to heat and air loses the whole of its sulphur. 
It is thrown down in the form of a black powder, by the action of 
sulphuretted hydrogen upon the salts of palladium. It consists of 


Berzelius. Vauquelin. 
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PuoseHurEr or Pauapivm is an easily-fusible compound. 
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SELENIURET OF PatiADIuM.—Selenium and palladium combine, with 
_ the evolution of heat; the compound is gray and coherent, but does not 
fuse: before the blowpipe it gives off selenium, and at a very high tem- 
perature melts into a gray metallic button, which is brittle and crystal- 
- line, and still retains selenium. 


CarBurer oF PatuApDiumM.—Palladium acquires extreme brittleness 
when long fused in contact with charcoal. When a plate of palladium 
is held in the flame of alcohol, it becomes covered with carbon, and 
carbonaceous excrescences gradually form upon it, which, when burned, 
leave palladium, and the surface of the metal becomes corroded, and its 
whole substance brittle.. When. spongy palladium, in the state in which it 
is obtained by the ignition of its ammonio-chloride, is heated to redness, 
and placed upon the wick ofa spirit-lamp, it glows and becomes enveloped 
in an accumulation of a compound of carbon and palladium. This 
property of precipitating charcoal from flame, and combining with it, is 
peculiar to palladium. Platinum and iron show indications of it. 
(Wouter, Poggend., iii. 71.) — 


CYANURET oF PatLApium.—This compound is formed when a solu- 
tion of cyanuret of mercury is added to a neutral solution of palladium: 
it falls in olive-coloured or dingy-yellow flakes: this furnishes a ready 
method of separating palladium from other metals which are incapable of 
decomposing the cyanuret of mercury. The cyanuret of palladium, 
when sufficiently heated, leaves the metal: it dissolves in cyanuret of 
potassium, and, on evaporation, prismatic crystals of palladio-cyanuret of 
potassium are obtained. There is also a corresponding ammoniacal salt. 
When nitrate of palladium is decomposed by cyanuret of mercury, the 
precipitate detonates by heat. 


Aunoys oF Patiapium.—These have not been minutely examined. 
Like platinum, it destroys the colour of gold; 1 part, fused with 6 of 
gold, forming a white alloy. This compound, from its hardness and 
durability, was employed, at the suggestion of Dr. Wollaston, for the 
graduated part of the mural circle, constructed by Troughton for the 
Royal Observatory at Greenwich. It readily amalgamates with mer- 
cury. Palladium exists in large quantities in some part of South America, 


for bars of it, weighing several pounds, have been imported from that - 


country, and nearly pure. 


CHARACTERS OF THE SALTS oF PaLLApIuM.—The fixed alkalis throw | 


down red or orange-coloured precipitates from the solutions of palladium, 
sparingly soluble in excess of the alkali. Ferrocyanuret of potassium 
gives an olive-green precipitate; and sulphuretted hydrogen one of a 
dark-brown colour. Protochloride of tin occasions a brown precipitate 
in the neutralized solutions of palladium; when dilute, the mixture 
becomes green. Protosulphate of iron throws down metallic palladium. 
Many of the other metals precipitate palladium in the metallic state. 
Cyanuret of mercury forms a precipitate in all the salts of palladium 
when the acid is not in excess. 
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§ XXXV. RHODIUM. 


Tuis metal, discovered in 1803, by Wollaston, may be obtained as 
follows:—Digest the ore of platinum in nitrohydrochloric acid, filter the 
saturated solution, and pour it into a solution of sal-ammoniac, by which 
the greater proportion of the platinum is precipitated; filter, and separate 
the palladium by cyanuret of mercury; filter again, and immerse a plate 
of zinc into the clear solution, which will become coated with a black 
powder. Separate this, and digest it in dilute nitric acid, by which a 
little copper and lead are taken up. Then wash, and digest in dilute 
nitrohydrochloric acid, to which add some common salt; evaporate to 
dryness, and wash the dry mass repeatedly with alcohol. A deep-red 
substance remains, which, when dissolyed in water, furnishes a black 
precipitate upon the immersion of a plate of zinc. ‘This, strongly 
heated with borax, assumes a white metallic lustre, and is rhodium. 

Rhodium is a white metal very difficult of fusion: its specific gravity 
is about 11; it is extremely hard. When pure, the acids do not dissolve 
it, but they act upon and dissolve several of its alloys, a circumstance 
which explains its presence in the nitrohydrochloric solution of platinum. 
When an alloy of lead and rhodium is digested in nitrohydrochloric acid, 
it is also readily dissolved, and by evaporation a red compound is 
obtained, from which chloride of rhodium may be separated by water. 
The red-colour of this compound suggested the name which has been 
applied to the sietal (from pddoy, a rose). Berzelius has shown that 
metallic rhodium may be oxidized by ignition either with nitre or with 
bisulphate of potassa, and that when heated with the latter, a double 
sulphate of peroxide of rhodium and potassa is produced, which yields a 
yellow solution with hot water: in this way rhodium may be separated 
from platinum, iridium, and osmium. ‘There-is great discrepancy in the 
equivalent of rhodium given by different chemists; according to the latest 
experiments of Berzelius, the number 52 has been adopted. (52°2 Tur- 
NER. 54 Tuomson. 120 Guru. 45 deduced from earlier experiments.) 


PeroxivEe or Ruopium. SesquioxipE oF Ruoprum.—When a mix- 
ture of finely-divided rhodium, potassa, and a little nitre, is heated to 
redness in a silver crucible, and the product washed with water, and then 
digested in hydrochloric acid, a hydrated peroxide of rhodium, insoluble 
in the acid, remains. When heated it becomes black, and probably is 
_then the protovide. This oxide is stated to consist of 
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Sesquioxide of Rhodium 1 64 100 


PERCHLORIDE oR SEsQuICHLORIDE or Ruoprum was obtained by 
adding silicated fluoric acid to a solution of rhodio-chloride of potas- 
sium, as long as the silico-fluoride of potassium was generated, after 
which the filtered liquid was evaporated to dryness, and [the residue] 
redissolved in water. This perchloride when dry has a dark-brown 
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colour, is uncrystalline, and decomposed by a full red-heat into chlorine 

and metallic rhodium. It deliquesces in the air into a brown liquid, and 

its aqueous solution has-a fine red colour. (Ann. de Ch. et Ph., Xt. 51.) 
This perchloride is represented as consisting of 
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In combination with the chlorides of potassium and sodium, this per- 
chloride forms double salts. (rhodio-chlorides.) They are composed of 1 
atom of the perchloride and 1 of the basic chloride. 


Nirrate or Raopium is formed by dissolving the oxide in nitric acid; 
it is deliquescent, uncrystallizable, and of a deep red colour. The double 
nitrate of rhodium and soda forms dark-red crystals, soluble in water, but 
insoluble in alcohol. j 


Sutpuurer or Ruoprum is obtained by heating the metal in a state of 
fine division with sulphur; or by heating the ammonio-chloride of rhodium 
with sulphur: it is‘also precipitated by heating the solution of the latter 
salt with one of an alkaline hydrosulphuret. . 


SunpHATE oF Ruopium is asoluble uncrystallizable salt, obtained by 
ihe action of nitric acid on precipitated sulphuret of rhodium; it forms 
two double sulphates with potassa; one is obtained by igniting rhodium 
with bisulphate of potassa; it yields a yellow solution with hot water; 
the other is formed by the action of sulphurous acid on the rhodio-chlo- 
ride of potassium; it is a pale yellow powder. 


Autoys or Ruopi1um.—Rhodium forms malleable alloys with the mal- 
leable metals, several of which have been examined by Dr. Wollaston. 
(Phil. Trans., 1804.) It has not been combined with mercury. oi 

With steel, rhodium forms an alloy, which probably would be very 
useful in the arts, were it not for the scarcity of the latter metal. 1 to 
2 per cent. of rhodium gives steel great hardness, and yet there is sufficient 
tenacity to prevent cracking either in forging or hammering. (Quarterly 
Journal, ix. 328.) The extreme hardness and durability of rhodium 
induced Dr. Wollaston to suggest it for the nibs of metallic pens, a pur- 
pose to which it has been successfully applied. _ 


CHARACTERS OF THE SALts or Ruoprum.—These have as yet been but, 
imperfectly examined. Those containing the peroxide are mostly of ared. 
or orange colour; they are precipitated by cyanuret of mercury, by ferro-. 
cyanuret of potassium, and by sal-ammoniac. The action of the pure 
alkalis upon them is very indefinite. According to Pfaff (Handbuch der 
Analyt. Chemie), the salts of the peroxide of rhodium yield a yellow floc- 
culent precipitate insoluble in excess of the precipitant, with the caustic 
alkalis: they are not precipitated by carbonated alkalis, nor by solution of — 
sal-ammoniac, if there be excess of acid present; but the perchloride of 
thodium yields a difficultly-soluble dingy-yellow precipitate, with excess 
of ammonia; hydrochloric acid redissolves it; and forms a red solution. 
Zinc and iron throw down metallic rhodium. 
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§ XXXVI. OSMIUM. 

__ Osmium and Iridium are contained in the black powder which remains 
after the action of nitrohydrochloric acid upon the ore of platinum. This. 
résidue, when fused with potassa and washed, furnishes a yellow alkaline. 
solution of oxide of osmium. Saturate the alkali with sulphuric acid, 
pour the mixture into a retort, and distil. A colourless solution of the 
oxide of osmium passes into the receiver, from which almost all the other 
metals throw down metallic osmium. (Tennant, Phil. Trans., 1804; 
Wottaston, Ibid., 1829.) | 

To obtain the oxide of osmium in a pure, solid, and crystallized state, 
grind together, and introduce, when ground, into a cold crucible, three: 
parts by weight of the insoluble powder, and one part of nitre. The cru- 
cible is to be heated to a good red in an open fire, until the ingredients 
are reduced to a pasty state, when osmic fumes will be found to arise from 
it. ‘The soluble parts of the mixture are then to be dissolved in the 
smallest quantity of water necessary for the purpose, and the liquor thus 
obtained is to be mixed in a retort, with so much sulphuric acid, diluted 
with its weight of water, as is equivalent to the potassa contained in the 
nitre employed: but no inconvenience will result from using an excess of 
sulphuric acid. By distilling rapidly into a clean receiver, for so long a 
time as the osmic fumes continue to come over, the oxide will be collected 
in the form of a white crust on the sides of the receiver, and there melt- 
mg, it will run down in drops beneath the watery solution forming a fluid 
flattened globule at the bottom. When the receiver has become quite 
cold, the oxide will become solid and crystalline. One such operation 
has yielded 30 grains of the crystallized oxide, besides a strong aqueous 
solution of it. ‘This may be agitated with mercury, and the product 
washed with hydrochloric acid to remove the oxide of mercury which is 
formed. The osmium remains in the form of a black powder, which 
acquires a metallic lustre by friction. In its densest state, its specific 
gravity, according to Berzelius, is 10. (Ann. de Ch. et Ph., xu. and XLil.) 
When heated in the air it burns into an oxide, and in its pulverulent state 
it is attacked by nitric acid; but after exposure to a red-heat in close 
vessels, it becomes much less oxidable. Osmium is extremely poisonous, 
and has an extraordinary influence upon the brain and nervous system ; 
so that persons have been rendered delirious by inhaling osmic fumes. 
The equivalent of osmium appears, on the authority of Berzelius, to be 


about 100, (997 Turnmr,) and he conceives it susceptible of five degrees 
of oxidizement. :; . 


ProroxipE oF Osmium (0S+ 0) is obtained by the action of pure 
alkalis on the protochloride of osmium, or upon the osmio-chloride of 
potassium: it gradually falls in the form of a nearly black hydrate, obsti- 
nately retaining a portion of alkali; it dissolves slowly in the acids forming 
deep-green or greenish-brown solutions. When heated in a close vessel 
it gives off water, but does not sublime. It detonates when heated with 
combustibles. Its equivalent is 108. | | , | 


SESQUIOXIDE oF OsMiuM (0S +150) has not-been obtained in an ingu- 
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lated state, but is produced in combination with ammonia, when the bin- 7 


oxide is heated with excess of ammonia, nitrogen being at the same time 
evolved. 


BinoxipE or Osmium. (08 +20.)—When a saturated solution of. 
bichloride of osmium, or of the osmio-bichloride of potassium, is heated 


with carbonate of soda, the binoxide gradually falls; it retains a little’ 


alkali, which may be removed by dilute hydrochloric acid; if it then be 
washed and dried at 212°, it only retains water, which it gives off when 
heated, and remains anhydrous. In this state it appears insoluble in the 
acids. Its equivalent is 116. 


TEROXIDE OF Osmium (08+30) is assumed to exist in certain salts 
of this metal, but has not been isolated. 


Prroxiwe oF Osmium. Osmic Acip.  (0S8+40) or Os/—This is the 
volatile oxide above adverted to, and is obtained by the combustion of the 
metal in oxygen, or by the action of boiling nitric acid, or by the fusion 
of osmium with nitre or with potassa. When osmium is heated, and a 
current of oxygen passed over it, white or yellowish crystals of the 


anhydrous peroxide are formed: these dissolve slowly in water, and ~ 


readily in alcohol and ether; the solutions gradually deposit metallic 
osmium. Other combustibles deoxidize it; by sulphurous acid its solu- 
tion is rendered yellow, orange, brown, green, and lastly blue, colours 
_ corresponding to the different degrees of oxidizement. It stains the skin. 

It may be volatilized in hydrogen gas, but when its vapour and hydrogen 
are passed through a red-hot tube, it is reduced. It is reduced by sul- 
phuretted hydrogen, and sulphuret of osmium is formed. The odour of 
the vapour of this oxide is very peculiar; it has been by some compared 


to that of chlorine; it is acrid, and poisonous; when much diluted, it a 


little resembles the smell of new wheaten bread; this is the origin of the 


. > lel ° e ° : 
term osmium, from oop%, odor. It has no acid reaction, but as it com- 


bines with alkalis, and forms compounds which are permanent at high 


temperatures, it has sometimes been termed osmic acid. When infusion. 


of galls is dropped into its aqueous solution, a very characteristic blue 


colour is produced, which Berzelius ascribes to a mixture of the peroxide 


and sesquioxide, The equivalent of this oxide is 100 +32= 132. 


rhea or OsmriumM.—Berzelius has described four chisades of 


this metal, corresponding in composition to the oxides. When chlorine 


is transmitted over heated osmium, a beautiful dark-green sublimate of 
protochloride of osmium is the result. This is succeeded by a red subli- 
mate, which is the bichloride. The sesquichloride and perchloride have 
not been obtained in a separate state, but Berzelius infers their existence 
in combination with sal-ammoniac, * certain osmio-chlorides of that salt: 
he has also examined the double salts, produced by the union of the pro- 
tochloride and perchloride of osmium with the chloride of potassium. 


SutpHurets of Osmrum.—Sulphur and osmium apparently combine, 
in several proportions, for sulphuretted hydrogen precipitates it from all 
its solutions. 

The remaining compounds of this remarkable metal haye not been suffi- 
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x ciently examined, to enable us to give satisfactory details respecting them. 
A few of its alloys have been noticed by Mr. Tennant, and the characters 
of its salts will be sufficiently obvious from the preceding statements. 


§ XXXVII. IRIDIUM. 


Tas metal was discovered by Tennant in 1803, and about the same 
time by Descotils: the various colours exhibited by the hydrochloric solu-. 
tion of its oxide suggested its name (from Jris, the rainbow). The black 
powder which remains after native platinum has been digested in nitro- 
hydrochloric acid, consists chiefly of iridium and osmium; titanium and 
chromate of iron also occur in it. To obtain iridium, this powder: is fused 
in a silver crucible, with twice its w eight of hydrate of potassa, for the 
space of an hour or more; the residue is washed, by which, as already 

* stated, the oxide of osmium is removed, and the Se eniae eel ie por- 
tion i8 iridium, which has been oxidized by the process.of fusion. This 
oxide. is Soluble in hydrochloric acid, and the solution is blue, if free from 
iron, which communicates more or less of a green tint: when heated with 
the addition of a little nitric acid, it becomes red, probably in consequence 
of the peroxidizement of the iridium. When the hydrochloric solution 
of iridium is evaporated, it furnishes brown crystals, which are decomposed 
by a red-heat, and leave finely-divided metallic iridium. They forma 
reddish- RE solution with water, which, if concentrated and mixed with 
a saturated solution of sal-ammoniac, afford a dark-brown precipitate of the 
ammonio-chloride of iridium. The solution of the chloride is decomposed 
by all the metals except gold and platinum, and Bi iridium preci- 
pitated. 

Iridium, obtained by immersing a plate of zinc into a solution of the 
chloride, or by violently heating that salt, is of a whitish colour, and, 
according to Mr. Children, who succeeded in fusing it by means of his 
large Voltaic apparatus, its specific gravity is above 18. The approximate 
specific heat of iridium is, according to Regnault, = 0°03683. Its most 
marked character is extremely difficult solubility in the acids: indeed, 
when pure, it is probably insoluble, although, when alloyed with platinum, 

alittle is taken up by nitrohydrochloric acid. Its equivalent, deduced 
from the experiments of Berzelius, is 96. The following details respect- 
ing the combinations of iridium are abridged from Berzelius, and from 
Dumas. (Chim. app. aux Arts.) 


OxipEs oF Iriptum.—According to Berzelius there are four oxides of 


iridium, separable from the corresponding chlorides by the action of 
alkalis. 


Proroxipr oF Irirum (27+ 0) is obtained by decomposing the pro- 
tochloride by a solution of caustic potassa; the product is to be washed 
with dilute acid, and afterwards with water and dried; it is a heavy black 
powder which loses oxygen at a red heat; it is not soluble in the acids, 
but with potassa yields a blue or purple solution. The hydrate of this 
oxide is thrown down in the form of a greenish-gray powder, when the 

_ iridiochloride of potassium (07° + €) +( pot+e)is spe by carbonate 
of potassa. This oxide consists of 
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Protoxide of iridium 1 “i 1042 AD LODO 


DEUTOXIDE orn SEsQuiox1DE oF IRIDIUM (27%+1:0) is formed when 


iridium is calcined with nitre or caustic potassa; or by exposing a mixture ~ 


of the iridiobichloride of potassium (ur +2 cl). +(p0+C) with twice its 
weight of carbonate of potassa to a dull red heat; the residue when washed 
leaves this oxide in the form of a black powder; it requires a very high 
red heat for its decomposition; hydrogen gas decomposes it at common 
temperatures, in consequence probably of an action similar to that of 
spongy platinum. The hydrate of this sesquioxide is obtained in the form 
of a bulky dark reddish-brown precipitate, when a solution of the sesqui- 
chloride, or one of its double salts, is decomposed by an alkali; if ammonia 


be used, the precipitate deflagrates when heated. The saturated alkaline . 


solutions of this sesquioxide ‘ are decomposed when diluted with water; 
its hydrate combines with acids, but when anhydrous it is insoluble in 
them. The components of this oxide are 


Suidinm 2s Wen aA oe thas UDO ae ae 
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| Sesquioxide ofiridium 1 108 100°0 


Bryoxipe oF Iriprum (17° -+20) has not been isolated, but it exists in 
a class of salts, and appears to be soluble in the Sikalie and their car- 
bonates. 


Prroxipe or Iriprum (t°+3 0) is obtained by gently heating a ized 
solution of perchloride of iridium and carbonate of potassa; it falls in the 
form of a yellow or greenish precipitate, not however free from alkali; if 
dried and heated, it is decomposed with decrepitation. When the double 
iridioperchlorides are decomposed by excess of ammonia, a blue oxide is 
obtained which yields blue solutions with the acids, and is regarded by 
Berzelius as a compound of the protoxide and sesquioxide. The peroxide 
consists of : 


Iridium. 2 se Atal Aten 8 ie Sok a 
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- Peroxide of iridium 1 120 100 


PROTOCHLORIDE oF IRtpIuM (7+ C) is formed by the action of chlo- 


rine on iridium heated to incipient redness; it is a dark-olive powder; it 
‘is decomposed at a high heat, giving off chlorine and sesquichloride, and 
leaving iridium; it is iueulabliss in water; very slightly soluble in boiling 
hydrochloric acid, and scarcely affected by nitrohydrochloric acid; it is 
resolved by excess of potassa into chloride of potassium and protoxide of 
iridium ; it forms double iridio-protochlorides. Its components are ~ 


Tridium-s.*2) “ny eying ep iewS ae, 49°8 
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Protochlovide of iridium <1 = 19 100°0 


- SESQUICHLORIDE oF IRIDIUM. (27 +13C.)—When iridium is calathad 
with potassa and nitre, and the resulting product supersaturated by nitric 
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acid, an oxide is obtained, which when washed, and dissolved in hydro- 
ehloric acid, yields chloride and sesquichloride of iridium; the latter forms 
a brown solution, which, evaporated to dryness and digested in alcohol, 
gives a solution of sesquichloride, and a residue of the double iridiochlo- 
ride of potassium. The sesquichloride is obtained on evaporating the 
alcoholic solution, in the form of a deliquescent uncrystallizable compound 
of a black hue; it tinges water deep brown; it is always hydrated, and, 
when heated, gives off hydrochloric acid, and forms an oxichloride which 
is decomposed at ahigher heat. Thischloride forms double salts with the 
alkaline chlorides; their solutions are deep brown, and, when boiled with 
excess of alkaline chloride, are decomposed, the sesquichloride of iridium 
becoming protochloride and bichloride, and forming two double salts, of 
which those of the protochloride are dissolved, and those of the bichloride 
‘deposited. The sesquichloride consists of Yiiiines,” 
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Sesquichloride of iridium 1 150 100 


Brcntoriwe or Irmrium (17 +2C) is obtained by calcining iridium 
with nitre and potassa, washing the resulting oxide, dissolving it in nitro- 
hydrochloric acid and evaporating to dryness; the bichloride remains 
nearly pure; at a high heat, it gives out water and hydrochloric acid, and 
produces oxide of iridium; its aqueous solution is deep red; it is soluble 
in alcohol, but this solution decomposes spontaneously into hydrochloric 
acid, sesquichloride, and iridium. Bichloride of iridium consists of 
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Bichloride of iridium 168 100°0 


Ir1p10-BIcHLORES.—The bichloride of iridium produces characteristic 
double salts. When an intimate mixture of metallic iridium and chloride 
of potassium is heated, and subjected to the action of a current of chlorine, 

the iridio-bichloride of potassium is formed; the resulting product should 
be washed in water acidulated by nitrohydrochloric acid; the undissolved 
iridium separated by decomposition, and the solution evaporated to dry- 
ness; the excess of chloride of potassium may then be removed by water, 
for the double chloride is insoluble in the solution of that salt. Thus 
purified, the double salt may be again dissolved in the acidulated water, 
and obtained, by due evaporation, in anhydrous octoédral crystals. This 
Salt is black in mass, but red in powder; it is insoluble in alcohol, which 
_ throws down a brown or deep red precipitate from its solutions; it is not 
fusible, nor decomposed at a dull red heat; a higher temperature converts 
it into sesquichloride, and an intense heat into chlorine and metallic 
iridium, which remains mixed with chloride of potassium. Iridio-bichio- 
ride of sodium is prepared “as the preceding, and has the same general 
properties, but it includes water of crystallization, and forms. tabular, or 
quadrangular prismatic crystals with diédral summits. When a solution 
of bichloride of zridium is mixed with one of sal-ammoniac, a double salt 
is obtained, little soluble in water, and insoluble in alcohol, and which, 
when heated, leaves pure iridium; it is of so deep-red a colour as to 


ee ase enh, he is | Si a ey wi Sar eect ax + ne an ** Cagegt" Sm = ee atl 
: 4 ie J ° . i “~ - ae; 
beter: 5 ‘ ye . he ~~ 
> A ; ‘ : A . Rfis a 
ee : . , ’ 
‘ ‘ Na ; : 1 


1008 ALLOYS OF IRIDIUM. 


appear almost black, and the slightest traces of it give a red tinge to the 
ammonio-chloride of platinum; 1 part dissolved in 20 of water form a 
-yery deep orange-coloured solution; indeed, according to Vauquelin, ‘its 
colouring power is so great, that 1 part of it gives a decided tint to 40,000 
of water. Ammonia decolours this solution without producing a ‘preci- 
pitate; protosulphate of iron, sulphuretted hydrogen, and zinc, iron, 
and tin, produce the same effect, and chlorine restores the colour. This 
double salt consists of Bis 


Bichloride of iridium . bah as | 166. Pao 
Hydrochlorate ofammonia . . 1 . . 54 . . 244 
1 


—_——_. 


Ammonio-bichloride of iridium yi 106°0 


SunpHurets oF Irrpr1um.—When the respective chlorides of iridium 
are decomposed by sulphuretted hydrogen, a series of sulphurets cor- 
responding with the chlorides appear to be formed; they are of a deep 
brown, and resemble the sulphurets of platinum, rhodium, and palladium: 
they are soluble in potassa and in carbonate of potassa, and in alkaline 
sulphurets. When equal parts of sulphur and of the preceding ammonio- 
bichloride are heated together, a bisulphuret is obtained, composed of 


diam HPs Sey SPOT a ROG. re Nae yy 
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Sutenates or In1p1um.—When the sulphurets prepared by precipita- 
tion are digested, whilst moist, in cold nitric acid, they are converted into 
sulphates of iridium, which are dark green, brown, or orange, according 
as they contain the protoxide, sesquioxide, or binoxide. 


Puospuuret or Iripiom is obtained by heating the metal in the 
vapour of phosphorus; a compound resembling iridium in appearance is 
formed, which burns, when heated red-hot, in the air, and is converted | 
into iridium, and phosphate of oxide of iridium. 


CarBuret oF Irip1um.—When iridium is immerged in the flame of 
alcohol, black excrescences of carburet form upon it, which, burned in the 
air, leave pure iridium, so that, as soon as it is formed by the above pro- 
cess, it must be immediately dropped into, water on withdrawing it from 
the flame; its composition appears to be (27+ 4CaYr.) 


-Autoys oF In1tptum.—These require a very high heat for their forma- 
tion; the ductile metals may be combined with a considerable proportion 
of iridium without loss of ductility. The greater number of these 
alloys, when digested in nitric acid, leave a pulverulent residue of iridium; 
nitrohydrochloric acid dissolves them when the proportion of iridium is 
not very considerable. 

The native alloy of iridium and osmium forms small crystals of much 
lustre, harder than steel, and as refractory as iridium; they fuse, how- 
ever, as well as iridium, in the are of flame between the charcoal points — 


of a powerful voltaic battery. (DAnreLL.) The density of these grains is 
18°64. 


Satts oF Irtprum.—-These salts have not been minutely examined; 
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those obtained by dissolving the hydrated protoxide are generally green 
and uncrystallizable. The sulphate of the binoxide of iridium is yellow, 
uncrystallizable, and soluble in water and alcohol, forming an orange 
solution not precipitated by the alkalis, but which gives, with chloride of 
barium, a precipitate of sulphate of barium, coloured brown by the 
binoxide. 


§ XXXVI. GLUCINUM. 


Giucinum, Guycium, or Beritiium, was first obtained in 1828, by 
Wohler, by the action of potassium on chloride of glucinum. (See 
AtumiInuM.) It is a gray substance, having a slight metallic lustre, and 
very difficult of fusion. At common temperatures it is not acted on by 
air or water, but when heated in the air it burns into glucina: it burns 
vividly in oxygen gas, in chlorine, and in the vapour of iodine and bro- 
mine. It combines, with the evolution of heat and light, with sulphur, 
phosphorus, selenium, and arsenic. (Wéauer, Ann. de Ch. et Ph., 1828.) 
Its equivalent is doubtful: that deduced from the experiments of Berze- 
lus is about 18, if glucina be considered as a protoxide; if glucina be 
regarded as a compound of 2 atoms of base and 3 of oxygen, then the 
equivalent 27 must be adopted, and its symbol will be (2 gl +30); but 
till more is known of the analogies of this rare substance, it will be most 
convenient to assume glucina as a protoxide = ( gl +0). 


OxIDE oF GLucINUM, or GuuctINA, ( gl+ 0,) was discovered in 1798, 
by Vauquelin, in the beryl: it also exists in the emerald of Peru, in 
euclase, in the chrysoberyl, in phenakite, and in a few other rare 
minerals. It is white, insipid, and insoluble in water; it has no action 
onvegetable colours; its specific gravity —2:97. It dissolves in caustic 
potassa and. soda, but not in ammonia, and thus resembles alumina, but 
differs from yttria. Again it differs from alumina, but resembles yttria, 
in being soluble, when freshly precipitated, in carbonate of ammonia; it is 
“much more soluble in this solution than yttria. With the acids it forms 
saline compounds of a sweetish astringent taste, (hence the name, from 
yAukvs, sweet.) It is not precipitated by ferrocyanuret of potassium. 

1. The beryl, or aquamarine, is found in primitive rocks in many 
parts of the world, but especially fine in Siberia. It is usually trans- 
parent, and pale-green or blue. It crystallizes in six-sided prisms. 

li. The emerald is principally found in Peru, crystallized in regular 
six-sided prisms, the edges or angles of which are sometimes replaced by 
facets. Its colour is green, and it is either transparent or translucent. 

int, Euclase is a very rare crystallized mineral, originally found 
in Peru, but has since been brought, in insulated crystals, from the 
Brazils. 

iv. Chrysoberyl, or Cymophane, occurs most frequently in Brazil, 
where it accompanies topazes in alluvial soil; it has also been found 
in Ceylon and in Siberia; it is green, or yellow-green, and in one 
direction slightly opalescent; it occurs in rounded pieces and prismatic 
_ ¢rystals. Specific gravity 3-7. 

_ ¥. Phenakite. This mineral was discovered by Nordenskiold mixed 
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with emerald from the Uralian Mountains; it had been mistaken for 
quartz, hence the above name, from deva€, deceiver ; it forms flat colours 
less rhomboids. 

These minerals, analyzed by Vauquelin, Thomson, and Hartwall, are 
constituted as follows:— 


Beryl. Emerald. Euclase. Chrysoberyl. Phenakite. 


(Vauquelin.) (Vauquelin.) (Vauquelin.) (Thomson.) (Hartwall.) © 
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To obtain glucina from either of these minerals, proceed as follows:— 
Reduce it to a fine powder, and fuse it with thrice its weight of hydrate 
or carbonate of potassa; dissolve the fused mass in dilute hydrochloric 
acid, and evaporate to dryness, by which the silica is rendered insoluble: 
digest this dry residue in water acidulated by hydrochloric acid, and add — 
ammonia, which throws down a mixture of glucina and alimiane wash 
the precipitate, and digest it whilst moist in excess of carbonate of ammo- 
nia, by which the glucina is dissolved, and, on filtering, the alumina 
remains behind; then boil the filtered liquid, and carbonate of glucina is — 
- thrown down, which, washed, dried, and heated to redness, affords pure 
glucina. It consists of 


Berzelius. 
Glucinum 1 PUES, AS GBB Tes Maer ds 
Oxygen s cbs ons pets.  BleRern” ee 
Glucina 1 26 100°0 100:00 
*e 


CnLoRIDE oF GiuciINuM is obtained by dissolving glucina in hydro- 
ehloric acid, and carefully evaporating to dryness out of the contact of © 
air; or it may be procured by a process similar to that described for the 
chloride of aluminum, in which case it forms a silky sublimate, becoming 
brown when fused, and soluble in water. Bromipe or GutLucinuM, — 
formed by the dient combination of its elements, sublimes in acicular — 
crystals, fusible, and very soluble in water with the evolution of heat. 
_ Iopmpz or Giucinum resembles the bromide and chloride. FLuoRIDE OF 
Guucinum: .after perfect evaporation to dryness of a solution of glucina i 
in hydrofluoric acid, the residue is soluble in water. 


Nirrate or Guucrna is difficultly crystallizable, deliquescent, and 
soluble in alcohol, 


SuLPHURET oF GLucinuM.—Glucinum burns brilliantly i in sulphur — 
vapour, forming a gray compound difficultly soluble in water, and. evolving 
sulphuretted hydrogen with acids. : 


SuLpHAte or Griucina.—When glucina is dissolved in excess of sul 
phuric acid, evaporated till acid begins to escape, and then alcohol added, — 
a erystallizable bisulphate of alucina separates, the solution of which dis- _ 
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solves carbonate of glucina, and becomes a subsulphate, which is not ery~ 
stallizable, but which, after evaporation to dryness, is separated by the 
action of water into a neutral sulphate, and an insoluble salt containing 
great excess of base. 


Puospuurert oF Giucinum.—Glucinum burns in the vapour of 
phosphorus as in that of sulphur, and produces a gray pulverulent 
phosphuret, which disengages phosphuretted hydrogen in water, 


Prosprate or Guvcra is precipitated in a gelatinous form when 
phosphate of soda is added to solution of chloride of glucinum: it-fuses 
into a transparent glass. 


SeLeniurer or Giucinum is formed as the sulphuret, and with the 
" same phenomena, 


CarBonate or Guucra falls in the form of a bulky flocculent preci- 
_ pitate, which is light and soft when dried; it is easily decomposed by 
heat. 


CHARACTERS OF THE Sats or Guucina.—These salts are astringent 
and sweet: they are precipitated by the caustic fixed alkalis, and the 
precipitate is redissolved by their excess, and sparingly by their carbon- 
‘ates: it is not soluble in caustic ammonia, but readily so in carbonate of 
ammonia: they are not precipitated by ferrocyanuret of potassium. A 
characteristic property of glucina is, that when a warm solution is mixed 
with a warm solution of fluoride of potassium till a precipitate begins to 
appear, and the mixture then suffered to cool, a difficultly-soluble double 
salt separates in the form of lamellar crystals. (BreRzExius.) Sulphate 
of glucina does not form a crystallizable double salt when mixed with 
sulphate of potassa. 


§ XXXIX. ZIRCONIUM. ‘ 


Sir H. Davy first demonstrated the nature of Zirconia, and its 
metallic base was obtained by Berzelius in 1824 by acting upon the 
potasso-fluoride of zirconium by potassium. It is a black powder, having 
the appearance of plumbago, and not apparently conducting electricity. 
It is difficulty-soluble in the acids, with the exception of the hydrofluoric, 
which readily dissolves it, evolving hydrogen. Heated in the atmosphere, 
it burns into zirconia. Its equivalent, deduced from the analyses of 
_ Berzelius, is about 22, if zirconia be regarded as a protoxide; but if an 
equivalent of zirconia be assumed as containing 2 atoms of base and 3 of | 
oxygen (220° +30), the equivalent will then be about 33. We shall for 
the present adopt the former atomic number. 


OXIDE oF ZIRCONIUM. ZIRCONIA. (ZU + 0) or Zin, was discovered 
in 1789 by Klaproth: it is of rare occurrence, haying only been found in 
‘the Zircon ox Jargon (whence the name of this earth). The zircon is a 

_ gilicale of zirconia; it is found in Ceylon, and occurs in some sienitic 
rocks; when colourless and transparent, it ranks among the gems: 
3X 2 
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when coloured brown or red, it is termed hyacinth or jacinth, which — 


also occurs in Ceylon, and is found in small crystals in the sand of the 
rivers of that island; also near Pisa in Italy; in Brazil; and abundantly 
in the sands of the brook of Expailly in France (Dép. Haute Loire), 
These minerals contain about 70 per cent. of zircon, combined with silica 
and occasionally tinged by oxide of iron. (Kuaproru, Beitrdge.) Zirconia 
is obtained from them by the following processes: —Reduce the colourless 
zircons to a fine powder, having previously heated them to redness, and 
quenched them in water. Mix the powder with nine times its weight of 
hydrated potassa, and gradually project it into a red-hot silver crucible, and 
keep it in perfect fusion for two hours. When the crucible has cooled, 
- reduce the mass to a fine powder, and boil it in distilled water. Boil the 
undissolved residue in hydrochloric acid; filter, and evaporate to dry- 
ness; redissolve the dry mass in distilled water, and precipitate by car 
bonate of soda. The carbonate of zirconia which falls may be decom- 
posed by heat. : 


The following method of obtaining pure zirconia is recommended — 


by Dubois and Silveira. (Ann. de Ch. et Ph., xiv. 110.) Powder the 
zircons very fine, mix them with 2 parts of hydrated potassa, and heat 
them red-hot in a silver crucible for an hour. ‘Treat the substance 
obtained with distilled water, pour it on a filter, and wash the insoluble 
part well; it will be a compound of zirconia, silica, potassa, and oxide of 
iron. Dissolve it in hydrochloric acid, and evaporate to dryness, to 


separate the silica. Redissolve the salts of zirconia and iron in water; — 


and to separate the zirconia which adheres to the silica, wash it with 
weak hydrochloric acid, and add it to the solution. Filter the fluid, and 


precipitate the zirconia and iron by pure ammonia; wash the precipitate — 


and treat it with a boiling solution of oxalic acid, which retains the iron, 
whilst an insoluble oxalate of zirconia is formed. It is then to be filtered, 
and the oxalate washed, until no iron can be detected in the water that 


passes. The oxalate of zirconia is, when dry, of an opaline colour; after 


being well washed, it is to be decomposed by heat in a platinum crucible. 


Thus obtained, the zirconia is perfectly pure, but is not affected by acids. 


It must be re-acted on by potassa as before, and then washed until the 


alkali is removed. Afterwards dissolve it in hydrochloric acid, and pre- | 
cipitate by ammonia. The hydrate thrown down, when well washed, is 


perfectly pure, and easily soluble in acids. (Other methods of proceeding- 


are pointed out by Berzelius, Lehrbuch, i.) 


Pure zirconia is a white infusible substance, insoluble in water, spe- — 
cific gravity 4:3. After having been heated to redness it scratches glass; _ 


it resists the action of the acids, with the exception of the sulphuric; and 
according to Berzelius, the best method of rendering it soluble consists in 


mixing it in fine powder with sulphuric acid diluted with its weight of — 


water, and heating the whole in a platinum crucible till the acid is eva- 


porated, but not to redness: the sulphate of zirconia thus obtained is — 


soluble in hot water. ; . 


Hydrate of Zirconia may be thrown down from this solution by 


caustic ammonia in the form of a bulky gelatinous precipitate, which if 
dried, or even washed with boiling water, loses it easy solubility; when 


exposed to a red heat it becomes remarkably luminous after it has lost — 
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its water. ‘This hydrate is sparingly soluble in the alkaline carbonates, 
and consists of 2 atoms of zirconia and 1 of water; zirconia being com- 
posed of ; Berzelius, 

Vairconiuny «le of Soe Te oe ks 43686 
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Zirconia 1 30 100°0 100-000 


Cuiorwer or Zirconium is obtained in the form of a white fixed 
compound, by heating zirconium in chlorine. Hydrated zirconia dis- 
solyes readily in hydrochloric acid, and the solution yields, on evaporation, 
small acicular silky crystals of hydrated chloride, soluble in water and in 
alcohol, but only sparingly soluble in hydrochloric acid. The anhydrous 
chloride cannot be obtained pure by heating the hydrate, for in that case 
it loses half its chlorine in the form of hydrochloric acid, whilst half the 
zirconium becomes zirconia. 


Fivorwe or Zirconium.—Zirconia dissolves readily in hydrofluoric 
acid, and yields, by slow evaporation, a crystallized salt, which, by the 
action of water, is resolved into a sub and super salt. When solution of 
fluoride of potassium is added to excess of fluoride of zirconium, the 
solution yields, on evaporation, small granular crystals, sparingly soluble 
in cold water, of potassofluoride of zirconium, consisting, according to 
Berzelius, of 


Potassium . 1 40) 4 % 229, 
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When solution of fluoride of zirconium is dropped into excess of 
fluoride of potassium, an analogous triple compound is formed, containing 
2 atoms of potassium, 3 of zireonium, and 5 of fluorine, (BERZELIUS.) 


Nirrate or Zirconta is a very soluble and uncrystallizable com- 
pound: its solution dissolves hydrate of zirconia, and it is only imper- 
fectly decomposed by the addition of alkalis, ; 


SutpuureEt of Zirconium is formed by heating sulphur and zirconium 
in an exhausted vessel, or in an atmosphere of hydrogen; in both cases 
light is emitted, and a pulverulent brown sulphuret formed. It is 
insoluble in nitric, hydrochloric, and sulphuric acid, feebly acted on by 
nitrohydrochloric acid, but dissolved and decomposed by hydrofluoric 
acid. ; 

SuLpHate or Zirconia. (Zirn+ s/,)—This salt is formed by digesting 
zirconia with sulphuric acid and a little water; the mixture must be 
boiled to dryness, and ultimately heated nearly to redness; the remain- 
ing sulphate is readily soluble in boiling water, and yields, on evapora- 
tion, a gum-like mass, with no traces of crystallization; but if it be 
redissolved in sulphuric acid, the solution yields crystals which are still a 
neutral sulphate, and which may be freed from adhering acid by washing 

_with’alcohol; they contain water of crystallization. Berzelius has also 


~ -s t 
. 
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described a disulphate, a tris-sulphate, an ‘ammonia-sulphate, and a 
potassa-sulphate of zirconia. ‘ 


PHOSPHATE and CARBONATE OF AIRCONIA are insoluble salts. ~ 


CHARACTERS OF THE SALTS oF Zircon1a.~-These salts have an astrin- 
gent taste: they are precipitated by caustic potassa, and the precipitate is 
not soluble in excess of the alkali. When boiled with sulphate of potassa 
a subsalt of zirconia subsides. Infusion of galls produces in them a yel- 4 
low precipitate, and phosphate of soda throws down a white phosphate of 
zirconia. The recently-precipitated carbonate of zirconia is soluble in 
excess of bicarbonate of ammonia, or of potassa. | | 

§ XL. YTTRIUM. 
In 1794, Professor Gadolin discovered a new earth in a mineral from } 
the quarry of Ytterby, in Sweden, to which Ekeberg, in 1797, gave the _ 
name of Yitria. ‘The mineral has since been termed Gadolinite. It is 
composed of yttria, silica, and the oxides of iron and cerium. The fol- 
lowing process for obtaining pure yttria is described by Vauquelin. (Ann. 
de Ch., xxxvi. 150.) : 
Fuse pulverized Gadolinite with twice its weight of potassa; wash the 
mass with boiling distilled water, and filter. The filtered solution, which 
has a beautiful green colour, yields, during evaporation, a black precipi- 
tate of oxide of manganese. When this has ceased to appear, allow the _ 
liquor fo stand; decant the clear part, and saturate with nitric acid. Let — 
the insoluble part be also digested with extremely dilute nitric acid, which _ 
will take up the soluble earths only, and will leave undissolved the silica _ 
and oxide of iron. Let the two portions be mingled together; and eva- 
porated to dryness; then redissolved and filtered; by which means any 
remains of silica and oxide of iron are separated. To obtain the yttria _ 
from the nitric solution, it would be sufficient, if no other earth were pre- — 
sent, to precipitate it by carbonate of ammonia; but small portions of 
lime, and of oxide of manganese, are still present along with it. The first 
is separated by a few drops of carbonate of potassa; and the manganese, — 
by the cautious addition of hydrosulphuret of potassa. The yttriais then _ 
to be precipitated by pure ammonia, washed abundantly with water, and _ 
dried. It amounts to about 35, or, according to Berzelius, 45 per cent: 4 
of the weight of the stone. It has been found also to form about one~ 
fifth of the weight of yttrotantalite, and about one-twelfth of that of yttro~ 
cerite; and it occurs in the minerals termed Orthite and Pyrorthite, and 
in the fluoride and phosphate of yttrium. (See Co.umstum.) 
_ Berzelius obtains yttria as follows:—Gadolinite in fine powder is dis- 
solved in nitrohydrochloric acid, and the solution decanted from the depo= ; 
sited silica: crystals of sulphate of potassa are then added to it, and it is 
left for 24 hours; in proportion as the fluid becomes saturated by the sul- 
phate, a white or yellowish powder falls, which is a double sulphate of 
potassa and protoxide of cerium: this is separated, and the clear solution — 
neutralized by caustic ammonia, and the oxide of iron thrown down by 
succinate of ammonia. The precipitate is separated by filtration, and the — 
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¢lear liquid precipitated by caustic ammonia, by which yttria (with a little 
oxide of manganese) is thrown down: the oxide of manganese may be 
separated by digesting this precipitate in a solution of carbonate of ammo- 
nia, filtering, and boiling, by which carbonate of yttria separates: this, 
being dried and heated to redness, leaves yttria, | 

Wohler obtained yitrium in 1828 by dissolving yttria in hydrochloric 
acid, evaporating to dryness, and acting upon the chloride of yttrium so 
obtained by potassium: by washing the residue of this action, the yttrium 
remains in the form of gray metallic scales, brittle, and resisting the 
action of air and water: when heated in air or oxygen it burns brilliantly 


"into yttria, which shows slight marks of fusion; it dissolves in sulphuric 


acid and in solution of potassa, but not in ammonia: it combines with sul- 
phur, selenium, and phosphorus. (Phil. Mag. and Ann., v. 393.) The 
equivalent of yttrium is probably 32. 


Oxipe or Yrrrium. (Yyé+0) or Yr.—Yttria is insipid, white, and 
without action on vegetable colours. Its specific gravity 14842. It is 
insoluble in water, but very retentive of it: insoluble in pure alkalis, but 
readily soluble in carbonated alkalis. In carbonate of ammonia it is much 
less soluble than glucina. It forms salts which have a sweetish austere 
taste, and which have been little examined. They are decomposed by the 
pure alkalis, and by lime and baryta. Oxalic acid and oxalate of ammo- 
nia throw down a white curdy precipitate from the solutions of yttria, 
Ferrocyanuret of potassium occasions in them a gray granular precipitate ; 
phosphate of soda, a white gelatinous one; and tincture of galls throws 
down brown flocculi. 


Yttria appears to consist of 
Berzelius. 
Verrvany 1g) 32 et 80 Oe eed 
Oxyeen ele nS 8 205. 4 hes 


Yttria 1 AO 100 100°0 


Cnutorwe or Yrrrium is very soluble, and deliquescent. When 


yttrium is heated in chlorine, it burns brilliantly, and the resulting 


chloride sublimes in white acicular crystals. 


lopipr AND Brome or Yrrrium.— Yttrium burns when heated in 
the vapour of iodine or bromine; the resulting compounds are volatile, and 
form crystalline sublimates, fusible, and soluble in water with the evolu- 
tion of heat. 

Frvorws or Yrrrivm is an insoluble compound; it occurs native, 
combined with the fluorides of cerium and calcium, in the vicinity of 


-Fahlun. 


a. 


» 

rt 
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SuLPHURET OF Yrrrium—Yttrium burns in sulphur-vapour, and 
produces a pulverulent gray sulphuret, insoluble in water, and evolving 
sulphuretted hydrogen when acted on by acids. 


SyppuatTe or Yrrria is erystallizable and of a pale-pink hue; it is 


“remarkable for its tardy solubility in water. It forms a double salt with 
sulphate of potassa. 
~ Seteniurer or Yrrrium.—Yttrium combines with selenium with 
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feeble ignition, when they are fused together; the compound is black and — 


does not decompose water; but on the addition of an acid, yields sele- 
niuretted hydrogen. 


Nirrate or Yrrria is deliquescent, but by spontaneous evaporation 
it may be obtained in colourless crystals. | 


( Puosruurer or YrrriuM.—Yttrium burns in the vapour of phos- 


phorus, and produces a pulverulent gray phosphuret, which decomposes 
water with the evolution of phosphuretted hydrogen, 


PxospHaTe oF YrrrtA.—The neutral phosphate is insoluble, and 
fusible before the blowpipe. When it is dissolved in an acid, and preci- 
pitated by ammonia, a basic phosphate falls. A native phosphate of yttria 
occurs near Lindesness, in Norway. (See Berzelius, in respect to some 
peculiarities of this salt.) 


CARBONATE OF YTTRIA is a light flocculent precipitate, sparingly 
soluble in excess of carbonic acid, and in the carbonated alkalis. It 
decomposes and slowly dissolves in the salts of ammonia: dissolved in 
carbonate of ammonia it affords a crystallizable ammonio-carbonale of 
yltria. : 

CHARACTERS OF THE SALts or YtrRIA.—They have a sweet astringent 
taste, not unlike those of glucina: their specific gravity exceeds that of 
the other earthy salts: some of them, when crystallized, have an ame- 
thystine tint, derived probably from a trace of manganese. They are 
thrown down of a white colour by ferrocyanuret of potassium, and by 
caustic potassa, and the precipitate is not soluble in excess of the preci- 
pitant. Carbonated alkalis, when added in excess, slowly redissolve the 
precipitate. The sulphate is the most characteristic salt. } 


§ XLI. THORINUM. 


Tus substance was discovered by Berzelius in 1828, in a rare and com- _ 


plex mineral, found in the syenitic rock of the Isle of Lovon, near Brevig, 
in Norway. It contained about 58 per cent. of thorina, (Poggend., xvi: 
387,) which was obtained as follows: the mineral in powder was digested 
in hydrochloric acid, which formed a gelatinous mass, which, evaporated 


to dryness, and digested in dilute hydrochloric acid, left silica. The - 


hydrochloric solution was then freed from lead and tin, by a current of 
sulphuretted hydrogen, and the clear solution saturated by ammonia: this 
occasioned a precipitate, which was washed, dissolved in dilu 
acid, and the solution evaporated to a small bulk ; during this 
sulphate of thorina was deposited, which, being washed with a saturated 
solution of sulphate of potassa, was dissolved in boiling water, and decom- 
posed by caustic potassa, which threw down the thorina in the state of a 
white powder. (Ann. de Ch. et Ph., xuiii. 5.) : 


te sulphuric 


evaporation — 


By passing a current of dry chlorine over a mixture of thorina and 


charcoal-powder, a crystalline chloride of thorinum is obtained, which is 
easily decomposed by potassium, and the product is thorinum. It is of a 
gray colour, metallic lustre, and apparently malleable. It is not oxidized 


by hot or cold water, but when heated in the air jt burns with great 


men sy 
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brilliancy into thorina, which is snow-white, and shows no traces of 
fusion. It is feebly acted on by sulphuric acid, and scarcely by nitric acid: 
it is not attacked by the caustic alkalis at a boiling heat. Hydrochloric 


acid dissolves it, with the evolution of hydrogen. Its apparent equivalent 
is 60. (59°6 TurNER.) 


Ox1pE or THorRINUM. THORINA (th + 0), obtained as above described, 
and after having been heated to redness, is white, and insoluble in the 
acids, with the exception of the sulphuric. When thrown down in the 


state of hydrate it dissolves readily, and exposed to the air absorbs car- 


bonic acid. It probably consists of 


Thorinum,1 ... 60 . « 88 
Ox Veen. alo wie gon Gis a. aula 


—- 


Thorina 1 68 100 


Thorinum combines energetically with chlorine, sulphur, and phos- 
phorus. The chloride has been above adverted to: the other compounds 
have been but imperfectly examined. 

Thorina is distinguished from the other oxides by the following pro- 
perties: from alumina and glucina, by its insolubility in pure potassa; 
from yttria, by forming with sulphate of potassa a double salt, which is 
quite insoluble in a cold saturated solution of sulphate of potassa; from 
zirconia, by the circumstance that this earth, after being precipitated from 
a hot solution of sulphate of potassa, is almost insoluble in water and the 
acids. Thorina is precipitated also by ferrocyanuret of potassium, which 
does not separate zirconia from its solutions. Berzelius has remarked 
that sulphate of thorina is much more soluble in cold than in hot water, 
so that a cold saturated solution becomes turbid when heated, and in 
cooling recovers its transparency. (TurnEr’s Elements.) 


§ XLU. ALUMINUM. 


Tue term aluminum or alumium has been applied to the metallic base 
of the earth alumina, a substance of common occurrence in the mineral 
world, and of great importance in its applications to the arts. The nature 
of alumina was discovered by Davy in 1808, (Elem. Chem. Phil., 355,) 
who found that potassa was generated by passing the vapour of potassium 
over white-hot alumina: he did not, however, determine the properties 
of its base. This has since been more accurately effected by Wéhler, to 
whom we owe the following ingenious method of obtaining it. (Ann. de 
Ch. et Ph., Jan. 1828, and Poggendorff, Annalen, xi. 146.) Chloride of 
aluminum is heated with potassium in a small platinum or porcelain cru- 
cible: the heat of a spirit-lamp is sufficient, for when the substances begin 
to act, the temperature suddenly rises to redness, and care should be taken 
so to adjust the relative proportions of materials, that none of the chloride 
may be evaporated in an undecomposed state, while at the same time | 
there should not be excess of alkali in the residue. When the crucible 
is cold, its contents are well-washed with cold water, by which a finely- 


divided gray substance, with a certain degree of metallic lustre, is 
obtained, which is pure aluminum. 
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Aluminum is extremely difficult of fusion; and although in the pul-’ 
verulent state it does not apparently conduct electricity, it becomes a 


conductor when its particles are aggregated by heat. This, if not arising 
from imperfect contact, isan interesting fact, and holds good also, accord- 
ing to Wohler, in the case of iron, which does not conduct when in very 
fine powder. Aluminum is not oxidized by exposure to air, but, when 
heated nearly to redness, it burns into a hard white substance, having the 


properties of alumina. When sprinkled into the flame of a spirit-lamp it 
scintillates like iron-filings, and if, when red-hot, it be immersed in oxy- 
gen, it burns with vivid light and intense heat: the result is fused alumina,. 


apparently as hard as corundum. 

Aluminum is not acted on ‘by water at common temperatures, but 
when boiled it is slightly oxidized, and a little hydrogen is evolved: the 
oxidizement is, however, imperfect and superficial. It is not affected by 
nitric or sulphuric acids at common temperatures, but it rapidly dissolves 
in hot sulphuric acid, and sulphurous acid is evolved. The dilute acid 
dissolves it with the evolution of hydrogen, as is also the case with hydro- 
chloric acid. It is soluble with the evolution of hydrogen in the caustic 
alkalis, and alkaline solutions of alumina are the results. 

There is much difficulty in determining the equivalent of aluminum, 
arising out of the different views that may be taken of the atomic con- 


stitution of alumina, which is its only known oxide: some chemists regard 


it as a protoxide, and in that case a number intermediate between 9 and 
10 would represent aluminum; others, from the analogy that subsists 
between some of the combinations of alumina and the peroxide of iron, 
have regarded it as a sesquioxide; and here again a discrepancy in its 
equivalent ensues, dependent upon its being considered as composed of 
] aluminum and 1°5 oxygen, or of 2 and3. Gmelin has adopted the equi- 
yalent 9, and Thomson 10, regarding alumina as a protoxide: Dr. Turner, 
considering alumina as a sesquioxide, represents aluminum by the equi- 
valent 137, and then doubles that number in order that alumina may be 


regarded as consisting of 2 equivalents of aluminum and 3 of oxygen. I 


shall assume 26 as the equivalent weight of an atom of aluminum, and 
hall consider alumina as=(@1+30).— % 


Oxipe or ALUMINUM. SEsQUIOXIDE OF ALUMINUM. ALUMINA. (al 4- 
30) or At.—To obtain pure alumina, we decompose a solution of pure 
alum by excess of carbonate of potassa, wash the precipitate with repeated 
portions of hot distilled water, redissolve it in hydrochloric acid, precipi- 
tate it again by ammonia, thoroughly edulcorate, and dry the precipitate: 


it is rendered anhydrous by exposure to a red heat, In this process, the _ 


alumina which first falls always retains a little potassa, which is got rid 
of by the second solution, and precipitation by ammonia: if ammonia be 
used as the original precipitant of a solution of alum, the resulting preci- 
pitate retains subsulphate of alumina, not decomposable by excess of am~- 
monia. Pure alumina may also be obtained, according to Gay Lussace 


(Ann. de Ch. et Ph., v. 102), by igniting ammonia alum, previously wd : 


deprived of water of crystallization by heat: sulphate of ammonia evapo- 
rates, and alumina remains, perfectly white, and very soft to the touch, but 


nevertheless, almost insoluble in acids, It readily blends with water, but — 
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assumes its former properties after having’ been gently heated. Its 
extreme division, and the hardness of its particles, observes Gay Lussac, 
might render it useful for polishing metal, and its whiteness for the pre- 
paration of colours. 

Alumina isa colourless, insipid, infusible, and insoluble powder, with- 
out action upon vegetable blues: its specific gravity is 2. It has a strong 
attraction for moisture, which it rapidly absorbs from humid air to the 
amount of one-third its own weight. When precipitated from its solution, 
and dried at a temperature of 60°, it retains about half its weight of 
water; this may he expelled by ignition. When mixed with water, 
alumina is characterized by the plasticity of the mixture; andif the paste 
be dried in the air, and then heated, it shrinks considerably in conse- 
quence of the loss of water; this shrinkage was applied by Wedgwood 
to pyrometrical purposes (p. 151). Alumina has a strong affinity for 
various organic compounds, and its use in the arts of dyeing and calico- 
printing depends upon its attraction for different colouring-principles, and 
for ligneous fibre. If ammonia be added to a solution of alum in infusion 
of cochineal, or of madder, the aluminous earth falls in combination with 
the red colouring-matter, and the supernatant liquor remains colourless. 
Colours thus prepared are called Lakes. 

Moist alumina is readily soluble in most of the acids; but after the 
expulsion of its water by a red heat, it is much more difficultly dissolved, 
or even insoluble. It is very sparingly soluble (when moist) in caustic 
ammonia; but potassa and soda readily dissolve it, and it is also soluble, 
to a certain extent, in the aqueous solutions of baryta and strontia. The 
fixed alkaline solutions of alumina are decompesed by the acids and by 
ammoniacal salts. Some of the earthy combinations of alumina exist 
native, and in them it has been regarded as performing the part of an 
acid; so that they have been called Aluminates. Alumina is recognised 
by its solubility in caustic potassa; by the formation of octoédral crystals 
of alum on evaporating its sulphuric solution with the addition of sulphate 
of potassa; and by the fine blue colour which it affords when moistened 
with nitrate of cobalt and strongly heated: this, according to Berzelius, 
is the most certain test. 

Alumina, in reference to the above-mentioned equivalent, will con- 
sist of 


Berzelius. Davy: 
Aluminum edge BBY Wr am BBs 15) (5S) Ses 


] 
Oxygen +. 3% « 24 . 1 48 . « 467 ,.4%. 44 


Alumina 1 50 100 100°0 100. 


Native Alumina may be said to constitute the sapphire, which occurs 
either colourless or -pale-blue, is extremely hard, and occasionally crystal- 
lized: its specific gravity is about 4. The oriental ruby and the oriental 
topaz are red and yellow varieties of sapphire. These gems are mostly 
found in alluvial deposits in Ceylon and Pegu: they have also been met 
with in France and Bohemia. Corundum, adamantine spar, and emery, 
are minerals also consisting chiefly of alumina, with less than 2 per cent. 
of oxide of iron, and a little silica, All these substances are extremely 
hard, being, in that respect, second only to diamond. 
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Hyprates or Atumrya,— When alumina is precipitated from its — 


solutions in the state of hydrate, washed, and dried at between 70° and 
80°, it always contains about 59 per cent. of water, although its physical 
characters vary considerably, dependant upon the strength of the solution 
from which it has been precipitated: if from a saturated solution of alum, 
it forms a friable, opaque, spongy mass; if from a dilute solution, a 
transparent, yellowish, gum-like, or gelatinous substance, which has no 
earthy characters, and does not adhere to the tongue. The composition 


of these hydrates, dried below 80°, is ‘ 
Alumina Ua teks | 50. . 41 
Waters iia. vs 1 8 2onL6. op MTZ gt aed 
Octohydrate of alumina 1 122 100 


Exposed to a red heat, the gelatinous hydrate loses only about 43 per 
cent. of its water, and the residue, under these circumstances, consists of 


Alumma 402:76° 4") ‘el rete nr50, Ae gees 
Water a tg insect et ol eee 


Bihydrate of alumina 1. "68 100°0 


By a protracted white heat, a further portion of water to the amount 
of about half an atom may be expelled, and the residuary hydrate then 
contains about 20 per cent. of water. 

The pulverulent or spongy hydrate of alumina, unlike the foregoing, 
loses the whole of its water at a red heat, and hence, in analyses, it is 
always desirable that the alumina should be thrown down in the spongy 
and not in the gelatinous state, as in the latter case a considerable error 
in the estimation of its quantity might ensue. The gelatinous alumina 
may, however, be brought to the state of the spongy, by moistening it 
with sulphuric acid and then giving it a red heat; both the water and 
the acid are then entirely driven off. 

Native Hydrate of Alumina constitutes the mineral called Gibbsite, 
from Richmond in Massachussets: it occurs in small stalactitic aggregates 
of a fibrous texture, and of a greenish-white colour: its density is 2°4, 
and it contains about 35 per cent. of water. According to Mitscherlich, 
a corresponding hydrate may be artificially formed by digesting excess of 
recently-precipitated hydrate of alumina in a solution of caustic potassa, 
at a moderate temperature, and either preserving the filtered solution in 
a well-closed flask, or suffering it slowly to absorb carbonic acid from the / 
_ air; in each case, small white translucent crystals are formed, which con- 

tain about 35 per cent. of water, not expelled at 212°. Gibbsite, there- 
fore, and these crystals, are composed of : 


Alaming: wh. oie ing ee eG 250 Goes AGS 
Water 5 heb eal penenithge  ebe ed poeta eae 
Terhydrate of alumina 1 ri 100 


The mineral called Diaspore, (from its property of decrepitating into 
powder when heated,) is a native bihydrate of alumina. 


Cutorie or Atuminum. (@/43¢.)—This compound has been 
mentioned as a source of aluminum: it was obtained by Wohler, as . 
follows:—Alumina, in the state of pulverulent hydrate, is mixed into a 
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paste with powdered charcoal, oil, and sugar, and this is heated in a 
covered crucible till the organic matteris decomposed: an intimate mixture 
of the alumina with charcoal is thus obtained, which is introduced whilst 
hot into a proper porcelain or glass tube, placed in a convenient furnace : 
dried chlorine is then passed through it into a receiver attached to the 
other end of the tube, and the air being thus expelled, the tube is heated 
red-hot, and chlorine gradually passed into it: carbonic oxide is disen- 
gaged, and chloride of aluminum formed, which chiefly collects within the 
tube, and ultimately plugs it up. It is a crystalline translucent substance 
of the colour of chlorine; it fumes and deliquesces when exposed to air, 
and is energetically acted upon by water: it may be preserved in naphtha. 
If a solution of alumina in hydrochloric acid be evaporated to dryness, a 
hydrated chloride remains, which, at a higher temperature, evolves hydro- 
chloric acid, and leaves alumina, so that chloride of aluminum cannot be 
thus obtained. The components of this chloride are 


IMM) 6 oe tel kk Ge eG, SS 
Chlorine Wepeest varie ee LOS . 806 


Chloride of aluminun 1 134 100°0 


This chloride combines with ammonia, and with sulphuretted and 
phosphuretted hydrogen: the ammonio-chloride has the formula (al+sc) 
+3(n+3h). 


CuHLoRATE oF ALUMINA is a deliquescent salt. 


TopipE oF ALUMINUM (al+32) has not been obtained in the solid 
state, but exists in solution when gelatinous alumina is dissolved in 
hydriodic acid. 

BroMiDE oF ALUMINUM (al+s b) was obtained by D’Arcet, by the 
action of bromine at a high temperature upon a mixture of alumina and 
charcoal; in its principal properties it resembles the chloride. 


Fivorwe oF ALumInuM.—Hydrate of alumina readily dissolves in 
hydrofluoric acid, and, on evaporation, a gummy substance is obtained, 
which bears a red heat without entire decomposition. ,Berzelius has de- 
scribed two alumino-fluorides of potassium obtained from mixed solutions 
of the two fluorides. Alumino-fluoride of sodium occurs native in Kryo- 
lite, a rare mineral hitherto found only in Greenland. 


Nitrate or Anumina is very difficultly crystallizable, and generally 
obtained, on evaporating its solution, in the form of a semitransparent 
gum-like mass, very deliquescent, and soluble in alcohol: it may be 
obtained by a very careful evaporation in soft foliated crystals. When 
decomposed by caustic ammonia, a pasty precipitate separates, which is a 
subnitrale, not decomposed by excess of ammonia. (BERZELIUS.) 


SuLeHuRET oF ALUMINUM (al +38) is obtained by dropping sulphur 
upon incandescent aluminum, or by passing the vapour of sulphur over — 
red-hot aluminum. A black compound is the result, which is decom- 
posed by exposure to air, and which, when thrown into water, deposits 
alumina, and evolves sulphuretted hydrogen. When an aluminous salt 
is decomposed by an alkaline hydrosulphuret, alumina is thrown down, 
‘and sulphuretted hydrogen is evolved. 
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- Hyposvrpnirn or Atvma.—No precipitate falls-when oxalate of 
alumina is added to hyposulphite of lime. (Hzrscuet.) iA 


Sunpuire or Azumtna is insoluble in water; it dissolves in sulphu- — 


rous acid, and the solution soon passes into sulphate: it is decomposed 
by heat. (Fourcroy.) 


Hyposutpuare or ALUMINA was obtained by Heeren, by mixing 
solutions of hyposulphate of baryta and sulphate of alumina; but on 
evaporating the filtered solution in vacuo, a white mass was obtained, 
the solution of which was copiously precipitated by chloride of barium, 
so that a dry hyposulphate of alumina cannot be obtained. (Poggendorff, 
vii. 180.) 


SutpHate oF Atumina (AL+3S/) is formed by digesting hydrate of 
alumina in sulphuric acid diluted with an equal bulk of water: the 
solution is evaporated and alcohol added, which throws down the sulphate. 
It dissolves in 2 parts of water, and forms small crystals, of a sweet and 
astringent taste. When excess of hydrated alumina is boiled in the 
diluted acid, and the solution filtered and evaporated in vacuo over sul- 
phuric acid, it congeals into a soft, white, semitransparent mass, which 
may be dried on blotting paper, and is not altered by the air. Exposed 
to heat, this salt loses water of crystallization, and an anhydrous sulphate 
remains. By long exposure to a red heat, the whole of the acid is ex- 
pelled. The solution of this salt may be used as atest for potassa; for 
when it is dropped into a strong solution of that alkali or its salts, small 
crystalline grains of alum are thrown down. It consists of 


Atunina. «38 OO a ed ee ee 
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Anhydrous sulphate of alumina 1 170 100°0 
The crystallized salt contains 
IRA, OPK ces ida a Ne ote te ho ida ete ey Pr eet wae B13 
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Crystallized sulphate of alumina = 1 332 100-0 100°0 


_ This sulphate is found native in the volcanic island of Milo, in the 


Archipelago. 


SuprrisunpHaTe or Aumina. (AxL+$/) +99, or (8 AL+38/) +279. 
— When ammonia is added to a solution of sulphate of alumina, a white 
powder falls, which is not of decomposed by excess of ammonia, and which 
consists of 
ok. OOS Fos ote 
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Alumina 
Sulphuric acid ; 
WAY ater lies Stak per aay 
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Subsulphate of alumina 


This compound, in the preceding state of hydration, exists native, 
forming the mineral called Aluminile, or Websterile: it occurs near New- 
hayen on the coast of Sussex; at Halle in Germany; at Bernon near 
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Epernay; and at Auteuil near Paris: its usual geological position is the 
plastic clay immediately upon chalk. 


Octopasic SunpHate or Atumina. (8 AL+3$/.)—When a solution 
of alum is decomposed by acetate of lead, the filtered solution, when 
heated to about 212°, becomes turbid, and deposits a white powder, which 
on cooling is redissolved: the same result is obtained, on mixing solutions 
of alum or of sulphate of potassa with pure acetate of alumina. This 
precipitate contains, according to Koechlin Schouch, . 

Alumina .. oe eens FO Bae 400 BIR 77 
MIMIC Bld) eo ey oi eet he ous Rp bona ues pki as 


Octobasic sulphate of alumina 1 520 100 


SULPHATE .oF ALUMINA AND Porassa. . Common. ALum. Porasu 
Auum. (Au-+38/)+ (P+5S/) +2 q.—This useful salt is manufactured 
upon an extensive scale in Britain. Aluminous slate, which is an argilla- 
ceous slaty rock containing sulphuret of iron, is roasted so as to oxidize 
the iron and acidify the sulphur: on lixiviating the roasted ore, a sulphate 
of alumina is obtained, which, with the addition of sulphate of potassa, 
yields alum. The shales or wastes of old coal-mines, which fall down 
ina decaying or decomposing state, yield, on lixiviation, considerable 
quantities of sulphate of alumina and sulphate of iron: the solution of 
these salts is evaporated at the alum-works, near Glasgow, in large brick 
cisterns, by carrying the flue of a furnace over its surface, and, when 
sufficiently concentrated, is run out into coolers, where the sulphate of 
iron crystallizes, and the sulphate of alumina, being the much more 
soluble salt, remains in the mother-liquors: to these, when heated, sul- 
phate or chloride of potassium is added, and they then yield crystals of 
alum, not at first pure, but rendered so, and obtained in beautifully- 
perfect octoédral crystals, by recrystallization. The sulphate of potassa, 
required for this manufacture, is obtained by burning common sea-weed, 
collected upon the coast; the ash, or kelp, contains salts of potassium, 
which are purified by crystallization: the mother-liquors, which were 
formerly thrown away, are now resorted to as sources of iodine (p. 371). 

There are many other methods of manufacturing alum, such as by the 
decomposition of clay by sulphuric acid, and by the lixiviation of certain 
alum stones, as they are called, which are products of the joint action 
of sulphurous acid and oxygen upon volcanic rocks containing alumina 
and potassa; these abound in the Solfaterra, near Naples, and yield what 
is termed Roman alum: it differs from common alum in crystallizing in 
_ opaque cubes, and appears to contain more alumina than common octo- 

édral alum: when this variety is dissolved in cold water and slowly cry- 
stallized, it reappears in cubic crystals; but if dissolved in water heated to 
110°, or higher, a subsulphate of alumina falls, and octoédral alum is 
obtained. Roman alum has not been accurately analyzed. 

Octoédral alum has a sweet and astringent flavour, accompanied by 
some degree of acidity; its density is 1°71: it reddens vegetable blues: it 
dissolves in about 15 parts of cold water, and in about its own weight of 
boiling water (185 cold and 0-75 boiling water, Granam). The cry- 
stals, when heated, readily fuse in their water of crystallization, and 
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when this is expelled by the application of a sufficient temperature, the 4 
dry alum becomes opaque and spongy, and in this state is generally | 


termed roche alum, or when further dried, burnt alum. Ata red heat alum 
first loses that portion of its acid belonging to the alumina, and ulti- 
mately the sulphate of potassa is itself decomposed under the influence of 
the alumina, which combines with the potassa and displaces the sulphuric 
acid. In its crystallized state, alum consists of 

Sulphate of alumina 1... 170 . . 35°8 


Sulphate of potassa URS SOG Ohare Se 
Waiter tau. Wo ae ee eR eG. Bae 


Crystallized alum 1 474 100°0 


Berzelius. Thomson. 
Alumina 1 : 50g. OS ee OO ae 
Potassa 5 Wn tek 3 46:0... ¥>, 1O0ck4 ack 9°95 6 oss 9°86 
Salphuric acid 4... <,, 160.0 <3 33:6 o). . dd 72. te eco 
Water oc. (yee 216. vs 60 Ds 5 Sao ie » 46°20 


1 474 100°0 100°00 100°00 


“Tf the quantity of carbonate of soda necessary to neutralize a portion 
of alum be divided into three equal portions, and added in a gradual 
manner to the aluminous solution, it will be found that the alumina first 
precipitated is redissolved upon stirring, and that no permanent precipi- 
tate is produced till nearly 2 parts of alkaline carbonate are added. It is 
in the condition of this partially-neutralized solution that alum is gene- 
rally applied as a mordant to cloth. Animal charcoal readily withdraws 
the excess of alumina from this solution, and so does vegetable fibre, pro- 
bably from a similar attraction of surface. When this solution is con- 
centrated by evaporation, alum crystallizes from it, generally in the cubic 
form, and the excess of alumina is precipitated.” (GrauHAm.) 


Homperc’s Pyropnorus.—When potash alum is ignited with char- 
coal, a spontaneously-inflammable compound results, which has long 
been known under the name of Homberg’s pyrophorus. The potassa is 
decomposed in this process, along with the acid of the alum, and pyro- 
phorus is probably a compound of sulphur, charcoal, and potassium, with 
alumina. Pyrophorus is most successfully prepared by the following 


process, Mix equal parts of honey, or of brown sugar and powdered - 


alum, in an iron ladle, melt the mixture over a fire, and keep it stirred’ 
till dry: reduce the dry mass to powder, and introduce it into a preen 
glass phial coated with clay, and placed in a crucible of sand. Give the 
whole a red heat, and when a blue flame appears at the neck of the 
phial, allow it to Gane about five minutes; then remove it from the fire, 
stop the phial, and allow it to cool, taking care that air cannot enter it. 

(See SuLpHATE oF Porassa.) 


SureHaTe oF ALuMINA AND Ammonia. AmMontA AtuM. (AL+38/) 
+(A+S8/) +249.—This salt is obtained exactly as the preceding, only 
sulphale of ammonia is substituted for sulphate of potassa: its atomic: 
constitution also resembles that of potash alum, and it is so similar in 
other respects, that as far as mere appearance and more obvious properties 
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are concerned, the two salts are not readily distinguished. It is recog- 
nised by evolving ammonia, when triturated with lime or potassa. This 
variety of alum was formerly much in use, and the requisite ammonia was 
chiefly derived from putrid urine. When heated it loses water, then 
ammonia, and, at avery high heat, its acid, the residue being pure 
alumina. 


SULPHATE oF ALUMINA AND Sopa. Sopa Anum. (Au+38/)4+(S+ 
S/) +249.—In this salt sulphate of soda takes the place of the sulphate 
of potassa in the common alum: it crystallizes in octoédra, which are 
less hard and regular than those of potash alum, and effloresce in a dry 
air. (Quart. Jour., viii. 386.) It dissolves in about its own weight of 

_ water. 


SULPHATE oF ALUMINA AND Iron.—This salt, formerly called plumose 
alum, forms white silky crystals or fibres, of a strong styptic taste, 
extremely fusible and soluble, and when heated evolving water, sulphuric 
acid, sulphurous acid, and oxygen, and leaving alumina and peroxide of 
iron. The atomic constitution of this salt has not been established; it 
has been analyzed by Klaproth (Beitrdge), Berthier (Ann. des Mines, 
v. 259), and R. Phillips (Ann. of Phil., 2nd series, vy. 446), with the fol- 


lowing results. 
Klaproth. Berthier. R. Phillips. 
Protoxideofiron 750 . . 120 . . 20°79 
Pinna wer ses LOO et OE ores Be 
Sulphuric acid \ W795 °° 344... 309 
Water . pas On tia. dare 


100-00 99°2 100°0 


An octoédral salt resembling alum, is formed from a mixed solution 
of sulphate of alumina and persulpate of iron. (MurscHERLIcH.) 

Some other double salts of alumina (subsalts) have been described by 
Riffault. (Ann de Chim., xvi. 355.) : | 


PuospHuret or AtuminuM is formed by passing the vapour of phos- 
phorus over red-hot aluminum. Exposed to air it smells of phosphuretted 
hydrogen, and it decomposes water. (WOHLER.) 


PHosPHAtE oF ALUMINA precipitates when phosphate of soda is added 
to solution of alum; it is insoluble in water, but dissolves in phosphoric 
acid, and yields, on evaporation, a gummy deliquescent compound. 
When excess of ammonia is added to an acid solution of this phosphate, a 
subphosphate of alumina is precipitated, which is soluble in caustic 
potassa, and the formula of which is (4Au+3)/). The mineral called 
wavellite is a hydrated subphosphate of alumina, with fluoride of 
aluminum. The rare mineral, called ambligonite, found at Chirnsdorff, 
in Saxony, isa double phosphate of alumina and lithia. (Berzetius.) 


SELENIURET oF ALUMINUM is a black pulverulent compound, rapidly 
_ decomposed by water. 2 : 


CarBonate or AtumINA.—The precipitate thrown down by alkaline 
carbonates from a solution of alum is a compound of alumina and the 
carbonate employed. Water saturated by carbonic acid dissolves alumina, 

3Y 
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“but exposure to air destroys the combination ; so that no carbonate of 
alumina exists. (Saussure, Jour. de Phys., til. 28.) 


Supnocyanuret or ALUMINUM crystallizes in octoédra, which are — 
persistent in the air. (GrRanamM.) 


Borate or Atumina may be formed by boiling recently-precipitated 
alumina with boracic acid; it is uncrystallizable, and of a very astringent 
taste. : 


ARsENIATE OF ALUMINA.—This salt may be obtained by mixing solu- 
tions of alum and arseniate of soda; it is a white powder, insoluble in 
water, but soluble in arsenic acid. 


Attoys of ALuminum.—Aluminum probably exists in some of the — 
varieties of cast-iron and steel. By fusing highly-carburetted steel with — 
alumina, a peculiar alloy results, which is white, granular, and brittle, 
and which yields, on analysis, 64 per cent. alumina. On fusing 67 parts 
of this alloy with 500 of steel, a compound is obtained, which possesses 
all the characters of the best Bombay moolz, and like it, when its surface — 
is polished and washed over with dilute sulphuric acid, exhibits the | 
striated appearance called damask, for which the celebrated sabres of — 
Damascus are remarkable, and which renders it probable that they also — 

are made of wootz. (Quarterly Journal of Science and Arts, ix.) 


CHARACTERS oF. THE Sats or ALUuMINA.—These salts have an 
astringent, sweet, and subacid taste: they are precipitated by the caustic 
fixed alkalis, but the precipitate is redissolved when they are added in — 
excess. Sulphate of potassa, with a little sulphuric acid, added to a strong 
solution of alumina, throws down a white crystalline powder, which is 
alum: phosphate of soda produces a white flocculent precipitate of phos- 
phate of alumina. Succinate of ammonia and infusion of galls occasion 
precipitates in strong aluminous solutions. When aluminous substances - 
are heated by the blowpipe with nitrate of cobalt, they acquire a blue 


colour, which is only distinctly seen after the mixture has cooled, and by 
daylight. : 


+ 


§ XLITI. SILICIUM. 


From experiments upon the action of potassium upon silica, Sir H. 
Davy concluded that that earth consisted of a peculiar inflammable basis, 
combined with its weight of oxygen, and he called the basis Silicium. 
This estimate of the composition of silica was deduced from the quantity 
of potassium required for its decomposition; the subject has since received 
further elucidation, and the correctness of the above statement has, to a 
great extent, been confirmed. . 

In the year 1824, silicium was obtained in its pure state by Berzelius, 
and from its properties, presently to be described, he has placed its: 
correctly, perhaps, among the simple non-metallic combustibles; indeed, 
it bears a strong resemblance to boron. Before, however, we remove it 
from the class of bodies with which it has usually been associated, it 


we 
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may be well to wait till its general characters have been more satisfactorily 
studied. From the ample account of this substance, given by Berzelius, 
the following details are chiefly extracted. 

He recommends, as the best source of silicium, the silico-fluoride of 
polassium, which is prepared by passing silico-fluoric acid into a solution 
of potassa, evaporating to dryness, and heating the residue nearly, but not 
quite, to redness, The salt thus obtained is to be well mixed with eight 
or nine-tenths of its weight of potassium, and the mixture introduced into 
a green glass tube and heated: before it acquires a red heat, its contents 
become ignited, in consequence of the chemical action that ensues, and 
the potassium is burned at the expense of the silica; a brown mass is 
thus obtained, consisting of fluoride of potassium, siliciuret of potassium, 
and a portion of the undecomposed salt: this is thrown into cold water, 
which occasions the evolution of hydrogen, resulting from the action of 
the siliciuret, the potassium of which is converted into potassa, and the 
silicium set free. When the effervescence is over, and the fluid has 
become clear, it is poured off from the residue, which is again washed, 
allowed to subside, and separated by decantation as before. These first 


_ washings must be performed with cold water, otherwise the alkali re-acts 


on the silicium, which, however, may now be thoroughly edulcorated 
with boiling water. It remains in the form of a dark-brown powder, 
infusible, and a non-conductor of electricity. Its properties are remark- 
ably different before and after the application of a red heat: before it has 
been heated it burns easily in the air; but the superficial formation of 
silica prevents its entire combustion: in oxygen it burns brilliantly, and 
however carefully prepared, it always produces a little moisture. It is 
not acted upon either by sulphuric, nitric, or nitrohydrochloric acids, even 
when aided by heat. Liquid hydrofluoric acid readily dissolves it, 
evolving hydrogen: it is also dissolved when heated in a solution of 
caustic potassa. Silicium, after it has been heated, (obtained, for instance, 
by washing that which has been partially burned in the air, with hydro- 
fluorie acid, to remove the superficial silica,) sinks in sulphuric acid, is 
incombustible before the blowpipe and in oxygen, and is not acted on by 
hydrofluoric acid, nor by caustic potassa; but it is easily dissolved in a 
mixture of hydrofluoric and nitric acids. 

Silicium may be perfectly oxidized, and entirely converted into silica 
or silicic acid, by mixing it with dry carbonate of potassa, and heating to 
redness ; it burns at the expense of the oxygen of the carbonic acid, ‘and 
a silicate of potassa is obtained. Fused nitrate of potassa has no action 
upon it; but the addition of a little dry carbonate of potassa causes 
immediate deflagration: this paradoxical appearance depends upon the 
circumstance that the attraction of silicium for oxygen is influenced by 
the presence of the alkali, which has a high attraction for silica; just as 
the effect of zinc upon water is influenced by the presence of an acid, 
having an attraction for the oxide of zinc about to be produced. Carbonic 
acid is so weak that it does not prevent the action of the alkali: and as 
silicium has a stronger attraction for oxygen than carbon, it is oxidized at 
the expense of the carbonic acid. Nitric acid, on the other hand, is a 
strong acid, which entirely prevents this action of the alkali in the 

saltpetre upon the silicium; and silicium, at the temperature at which 
wae 2 
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saltpetre fuses, does not become oxidized; but if the heat be raised to 


whiteness, the silicium is then speedily oxidized by the decomposition 


of the nitric acid, and intense combustion ensues. Heated with the 


hydrated caustic alkalis, silicium burns in the oxygen of the water which — : 


they contain. 


__The equivalent of silicium has been variously estimated; according 
to Berzelius, silica is composed of 51°6 oxygen, and 48-4 silicium, and 


regarding it as a protowide, this would give 7°5 as‘ the equivalent of 


silicium, for 51-6: 48:4::8:7:5. But Berzelius considers silica as a 


compound of 1 atom of base + 3 oxygen, hence 22°5 is his equivalent of - 


silicium, and silica would be represented by ($2 +30), or 22°5 + 24—46°5. 
Others regard silica as a protoxide, and as composed of equal weights of 
base and oxygen, so that the equivalent of silicium will be identical with 


that of oxygen, or 8, an estimate closely consistent with the few analytical — 


proofs which we have, and conveniently applicable to the siliceous com- 
pounds. | 


OXIDE oF Sinictum, Smica, or Srzicic Act, (St +0), St, or $2/.— 


) 


ee ee ee ee 
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This, which is the only known combination of silictum with oxygen, isa _ 


very abundant natural product ; it exists pure in some varieties of rock- 
crystal, and nearly pure in flint*. It may be obtained by heating colour- 
less rock-crystal to redness, quenching it in water, and reducing it toa 


* The following are the principal 
minerals containing silica pure or nearly 
SO. 

i, Rock-crystal or Quartz, which may 
be considered as pure silica. It cry- 
stallizes in the form of a six-sided prism, 
ended by six-sided pyramids ; some va- 
rieties are perfectly transparent and 
colourless ; others white and more or 
less opaque. Its specific gravity is 2°6. 
It is so hard as to give sparks when 
struck with steel, and is nearly infusible. 
The primitive crystal, which is very 
rare, is an obtuse rhomboid, the angles 
of which are 94° 24’, and 85°36’. The 
finest specimens are brought from Mada- 
gascar and the Alps. The perfectly 
transparent crystals found near Bristol, 
and in Cornwall, are sometimes called 
Bristol and Cornish diamonds. The fine 

crystals are cut into ornaments, and 
sometimes used as a substitute for glass 
in spectacles; they are then termed 
pebbles, and do not so readily become 
scratched as glass. 

Brown and yellow crystals of quartz 
are found in great beauty in the moun- 
tain of Cairn Gorm, in Scotland, and 
are much admired for seal-stones, &c. : 
they are sometimes improperly termed 
topazes. 

Purple quartz or amethyst, is tinged 
with a little iron and manganese. Rose 


quartz derives {its colour from manga- 
nese. 


actinolite ; and chrysoprase is tinged of 


a delicate apple-green by oxide of nickel. - 


Avanturine is a beautiful variety of 
quartz, of a rich brown colour, which, 


Prase or green quartz, contains 


from a peculiarity of texture, appears _ 


filled with bright spangles; the finest 
specimens are from Spain: it is often 
imitated. 
tinged with iron, are found in Spain, 
and have been termed hyacinths of Com- 
postella. 


il. Flint, Chalcedony, Carnelian, Onye, 


Sardonyx, and Bloodstone or Heliotrope, 
and the numerous varieties of Agates, 


are principally composed of quartz, with 


various tinging materials. 


iii, Opal is among the most beautiful 
productions of the mineral world; it is — 


a compound of about 90 silica and 10 


water, and is distinguished by its very — 
The finest — 
specimens come exclusively from Hun- — 


brilliant play of colours. 


Small crystals of quartz, — 


gary. There is a variety of opal called — 


hydrophane, which is white and opaque 


tillimmersed in water; it then resem- 


bles the former. 
Common opal is usually of a dirty 


of the noble opal ; it contains silica and 
water, with a little oxide of iron, and is 


sa 


white, and does not exhibit the colours 


not of. unfrequent occurrence. The 


-_ 
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fine powder; in this state it is silica almost perfectly pure. Fuse 1 
part of this powder with 8 or 10 of carbonate of soda, in a silver or 
platinum crucible. Dissolve the mass formed in water, add slight excess 
of hydrochloric acid, and evaporate to dryness. Wash the dry mass in 
boiling distilled water upon a filter, and the white substance which 
remains is silica. This is the usual process; but the earth obtained by 
simply reducing the colourless rock-crystal to powder is very pure, though 
it sometimes contains traces of oxide of iron and manganese, and of 
alumina. A very pure silica may be obtained, by the fusion of fine white 
~sand, or powdered rock-crystal, with carbonate of lime: the resulting 
compound of lime and silica may be decomposed by dilute hydrochloric 
acid; and the silica, after having been duly washed, is in the form of a 
very light powder. When silico-fluoric gas is passed into water, the silica 
which is precipitated, after having been washed and dried, is also very 
pure, and in a state of extreme mechanical division. 

Silica, in its ordinary state, is a harsh white powder, insoluble in 
water and in most other solvents, and infusible except in the intense 
heat of the flame of a spirit-lamp, urged by the oxygen blowpipe: it 
then melts with difficulty into a colourless globule. Its specific gravity 
is 2°66. 

When recently precipitated, and in the state of hydrate, it is toa 
certain extent soluble in water and in the acids. The aqueous solution 
is tasteless, and, when evaporated, deposits gelatinous silica, which, on 
being ‘dried, becomes again quite insoluble: the acid solutions also 
exhibit no indication of saline combination, but when evaporated leave 
pure silica. Silica is often found in spring and mineral waters; and in 
the fountains of Reikum and the boiling geysers of Iceland it is con- 
tained in such quantities as to be deposited by them in the form of 
a@ porous incrustation. According to the view of the atomic constitution 
of silica above suggested, it will consist of 


Berzelius. 
Silicium 1 ES PES | Se 48°4 
Oxygen 1 Be Oy cds t eg OU aE ae out ea 
Silica 1 16 - 100 100°0_ 


CHLORIDE OF SILIcIUM. (St+ C.)—Silicium burns, when heated in 
chlorine, or when a current of chlorine is passed over red-hot silicitum in 
a porcelain tube, and a fuming liquid is the result, of a yellow colour, 
extremely volatile, and irritating to the nose and eyes, and which, 
exposed to moist air, forms hydrochloric acid and silica. Dropped into 
water it floats upon that fluid, and is then dissolved, depositing a little 
gelatinous silica: hydrochloric acid: is also formed. When potassium is 
heated in its vapour, it burns with the production of siliciuret and 
chloride of potassium. (BEerzetius.) Chloride of silictum may also be 
obtained by passing dry chlorine over an intimate mixture of silica and 


substance called menilite from Menil | cent. of silica. Obsidian, a volcanic pro- 

Montant, near Paris, is nearly allied to | duct, contains 78 per cent. of silica, and 

common opal. It is found in irregular | much resembles glass in appearance ; 

“masses in a bed of clay. — and the different kinds of pwmice are 
iv. Pitchstone, so called from its | nearly of similar composition, - 

resinous appearance, contains 73 per 


Ad 
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finely-divided charcoal in a red-hot porcelain tube: the chloride may be 
condensed in a properly-cooled receiver; as it generally contains excess 
of chlorine it may be agitated with a little dry mercury and redistilled. 
(OERSTED.) ’ 


Berzelius. 

Silicium . SMe tated Sempra DB» 4 ts ph OB) Bs os 17'°3 

Chlorine: 3 (<< tise joe nel ee sue 81°7 » Pie eahbel aa 
] 


—. 


Chloride of silicium 44 100°0 « 100°0 


fopipr or Siicrum has not been formed. 


BRoMIDE OF SILICIUM (si+b) was obtained by Serullas by passing 
the vapour of bromine over heated silicilum: it is a colourless fuming 
liquid, heavier than sulphuric acid. It congeals at 10° and boils at 300°. 
It is decomposed when gently heated with potassium, with explosive 
violence; water converts it into hydrobromic acid and silica. (Phil. 


~ Mag. and Ann., xi. 395.) 


- Frvorme or Siicrum.—The only acid body which acts energetically 3 
upon silica is the hydrofluoric acid. The result of this action is a 
gaseous compound, which has been called silicated fluoric acid, or fluo- 


silicic acid; it is probably a binary compound of silicium and fluorine. 


To obtain this gaseous compound, 3 parts of fluor spar and 2 of pow- 
dered glass, or of silica finely powdered, are mixed in a retort with about 
an equal weight of sulphuric acid; the gas evolved is to be collected over 

fons mercury, and when its production 

slackens, it may be accelerated by 

Hydrogen 4 Oxygen a gentle heat. The mercury and 

d : the glass vessels employed must 

Hyprorivonic Sica be quite dry. This decomposition 

19 16 depends upon the evolution of 

hydrofluoric acid and its action 

_ upon the silica, water and fluoride 

ar ae . of silictum being the ultimate re- 
26 | sults, as in the annexed diagram. 

The hydrofluoric acid is derived as follows, from the action of hydrated 
sulphuric acid on fluoride of calcium. 


—— 


+ 
Fluorine -1 Silicium 
» is + 8 


Hydrofiuoric Acid 
19 


Fluorine Hydrogen 
8. arte a 


FLUORIDE 
oF CaLciuM Water 
38 
‘ Liguip 
Calcium Oxygen P dai int ie 
- a . AcIp 
Lime Sulphuric 
28 + Acid, 40 


Renee, 
Sulphate of Lime 
; 63 
Silicated fluoric acid is a colourless gas; its odour is acrid, somewhat 


resembling hydrochloric acid; its taste very sour; its specific gravity is 
3°6 compared with air: 100 cubic inches weigh about 112 grains. Tt 
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extinguishes the flame of a taper. It produces white fumes when in 
contact with damp air, and when exposed to water it is absorbed, and a 
soluble compound of silica with hydrofluoric acid is formed, whilst a 
quantity of silica is at the same time precipitated. If the beak of the 
retort from which the gas is issuing be plunged into a basin of water, it is 
soon choked by the copious deposit of hydrated silica, which sometimes 
forms tubes through the water, by which the gas escapes directly into the 
air. When it is intended to saturate water with the gas (it takes up 
about 260 volumes), this effect may be prevented by agitation, or better 
by suffering the gas to escape through a stratum of mercury into water 
above it. ; 

Water thus saturated becomes a gelatinous mass, from which the acid 
liquor may be separated, by placing it, without pressure, upon a linen 
filter. The liquor is sour, and, when saturated with the fixed alkalis, 
becomes gelatinous, but not turbid: with barytic salts it soon deposits a 
white precipitate. Saturated with potassa, and evaporated to dryness, it 
yields the silico-fluoride of potassium, already adverted to as a source of 
silicium. It is a hydrofluate of fluoride of silicium, and when evaporated, 
gaseous fluoride of silicium escapes, and hydrofluoric acid is evolved, so 
that, although the original aqueous solution does not act upon glass, it, 
immediately does so when so far concentrated by evaporation as to 
generate the free hydrofluoric acid. 

When 1 volume of silicated fluoric acid is mixed with 2 of ammonia, 
a total condensation ensues, and a dry silico-fluate of ammonia results, 
which is decomposed by the action of water. When silico-fluoric gas is 
passed into liquid ammonia, the whole of the silicium is separated in the 
form of silica, and hydrofluate of ammonia remains in solution. Potas= 
sium heated in this gas, burns, and produces silico-fluoride of potassium. 


Fluoride of silicium consists of 

J. Davy. Berzelius: 
Silicium oh et Be yh Boe ee SOS ck « . 8OFTR ew 28988 
Fluorine SOU A oe eee oe BR Se! GOB te - OO a hed toe 
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26 100°0 100°0 100°00 


Strico-Fiuoripe or Potassium. (PO+250+3 f)—When this salt 
is formed by passing silicated fluoric acid into a solution of potassa, it 
falls in the form of an iridescent jelly, which dries into a white powder, 
very sparingly soluble in boiling water, and yielding minute anhydrous 
erystals: It appears that in the formation of this salt the potassa acting 
on the hydrofluoric acid forms fluoride of potassium, which combines 
with the fluoride of silicium, in the proportion of 1 equivalent of the 
former to 2 of the latter; or that silico-fluoride of potassium consists of 
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Fluoride of silicium 
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SiLICO-FLUORIDE oF Sopium is obtained in the same way as the 
potassium salt, but falls more readily, and is not iridescent: it is more 
soluble, especially in hot water. It may be obtained in small shining 
erystals, which are anhydrous hexangular prisms. 
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' SILIco-FLUORIDE oF Barium is gradually precipitated when silico- 
fluoric acid is mixed with chloride of barium, in anhydrous microscopic 
crystals, of difficult solubility in water. ee ‘ 

The silico-fluorides of strontium, calcium, magnesium, and lead, are 
formed by dissolving their carbonates in silico-fluoric acid. The salts of 
magnesium and of lead are very soluble. The silico-fluorides of man- 
ganese, iron, zinc, cobalt, nickel, and copper, are soluble in water, and 
crystallize in similar hexagonal prisms, probably isomorphous, which — 
contain respectively ] equivalent of the silico-fluoride, and 7 equivalents 
of water of crystallization. 


SuLPHURET oF SrLIc1um.—Silicium, when heated intensely, burns 
brilliantly in the vapour of sulphur, and a white earthy compound is the 
result, which is not affected by dry air, and when heated to redness is 
slowly decomposed, with the production of sulphurous acid. It is rapidly 
decomposed by water; in moist air it exhales sulphuretted hydrogen, 
and that gas is abundantly evolved by its action on water, whilst the 
silica is retained in aqueous solution, and no sulphur is deposited: hence _ 
it consists of 


Berzelius. 
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PHOosPHURET oF Srurctum has not been formed. ; 


. Garsurer or Siicrum.—When the potassium employed in the 
reduction of silica contains carbon, the resulting silicium is partly in the 
state of carburet: it has a dark colour, and gives off carbonic acid when 
burned. 


Autoys or Srinicrum.—Berzelius remarks that silicinm only combines 
with the metals when in its nascent state, and that when once insulated _ 
no such compounds can be formed. When silica is reduced in contact * 
of platinum, it becomes penetrated by silicium; but silicium may after- 
wards be heated white-hot in a platinum crucible without any such 
effect. 


Sinicatrs.—It is obvious from the preceding statement, that there — 
are no salts, properly so termed, in which the oxy-acids are combined 
with silica, ‘but that silicium forms haloid compounds. But silica 
readily combines in the manner of an oxide or acid, with many of the — 
salifiable bases; hence the term silicic acid applied to it, and szlzcates to 
its compounds. Ofthese compounds several.are most importantly useful, 
and many of them are found as natural. products, forming crystallized 
minerals, and parts of the strata or rocks that constitute the exterior 
crust of the globe. Glass, pottery, and porcelain, in all their varieties, — 
are combinations of silica, and it isan essensial ingredient in soils. I 
shall first deseribe some of the best defined silicates, and then advert to 
the manufacture of glass, and of the different kinds of porcelain and pot- 
tery, in which it is concerned. . 
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SmIcaTE or Porassa.—When | part of silica and 4 of caustic potassa 
are fused together, and slowly cooled, a part of the compound may be 
poured out of the crucible before the whole has solidified, and pearly 
crystals are formed in the residuary portion, which are apparently com- 
posed of 1 atom of silica and 1 of potassa. (Berzetius.) When J part 
of silica and 2°5 of carbonate of potassa are fused together, the carbonic 
acid is expelled, and a bisilicate of potassa is the result. (H. Rost.) 
These silicates are soluble in water, forming the liquor silicum of the 
older chemists. This solution may also be obtained by digesting gelati- 
nous hydrate of silica, or very finely-divided silica in solution of potassa; 
the silica is thrown down from these solutions in the gelatinous state, by 
the acids. When potassa and great excess of silica are fused together, a 
species of glass is the result, which however is still acted upon by water; 
this solubility is greatly impaired by the presence of lime and alumina. 
The atomic composition of the different vitreous compounds that may Le 
thus formed, cannot be ascertained, but they generally contain from 15 
to 20 equivalents of silica to 1 of potassa. When 15 parts of silica, 10 
of carbonate of potassa, and 1 of powdered charcoal, are fused together 
for about six hours, a vitreous compound is obtained, which when dis- 
solved by boiling in water, filtered, and concentrated by evaporation, may 
be used to render wood, paper-hangings, scenery, and other such articles, 
incombustible: it may be mixed with alumina or chalk, and applied in 
the manner of a paint. (Fucus, Schweigger’s Journal, xxiy. 378.) 


SILICATE OF Sopa.—The compounds of silica and soda are analogous 
to the preceding, but as carbonate of soda is not deliquescent, some of the 
soluble vitreous compounds which it forms effloresce on exposure, instead 
of running into a liquid, or remaining moist upon the surface. A solution 
of silica in soda has been employed as an addition to soap; it is said to 
improve its detergent powers. Silicate of soda always has a greenish or 
bluish tint, however pure the materials used inits production, and this is 
an obstacle to the substitution of soda for potassa in certain kinds of 
_ glass. 


SILIcATE OF Lime.—Silica and lime may be combined by fusion, but 
the results of their mutual action have not been minutely examined. 
Under the article Guass, in A1xtn’s Dictionary, some valuable facts will 
be found in reference to these combinations. There are some minerals, 
and among them ¢able-spar or Wollastonite (composed of 50 silica, 45 
time), which are silicates of lime. Apophyllite is a hydrated silicate of 
lime and potassa, composed of 1 atom of tersilicate of potassa, 8 of ter- 
_ Silicate of lime, and 16 water (P +3 Sv) +8(C +3S0/) +16. 


Sinicate or Baryra.—2 parts of silica and 1 of baryta fuse 


together into a porous slag. A similar combination may be obtained 
with strontia. 


Siricate oF Magnesta.—Several minerals appear to be definite com- - 
pounds of silica and magnesia. Olivin, or chrysolite, is a simple silicate or 
magnesia (M+ s0/ ) with variable proportions of oxide of iron. Steatile 
is a tersilicate of magnesia (M-+3$2/), and meerschaum a hydrated bisi- 
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licate. According to Morveau, silica and magnesia may be combined 
by fusion at a white heat. 


SiICATE oF LIME AND Macnesta.—Pyrowene, or augite,is a crystallized 
mineral, composed of 1 atom of bisilicate of lime, and 1 of bisilicate of 
magnesia. Sometimes oxide of iron replaces part of the magnesia. Simi- 
lar crystals are occasionally found in the slags of iron-furnaces, and may 
also be formed artificially, (Mirscupruica and Berruisr, Ann. de Ch. el 
Ph., xxiv.355.) Equal parts of lime, magnesia, and silica, may be fused 
into a green glass, which strikes fire with steel. (Acuarp.) Amphibol, 
or hornblende, may be regarded as a compound of 1 atom of tersilicate of 
lime, and 3 of bisilicate of magnesia (with oxides of iron and manganese). 


- Smicate or ManGanese.—This compound occurs native in Dalecarlia, 
The red siliceous manganese is a bisilicate of the protoxide of manganese 
(Man +2580/). | 

Siricate oF Iron.—A silicate and bisilicate of protoxide of iron is 
found in the slag from the smelting of the ferro-sulphurets of copper. 
Davy found the ochraceous sediment of the chalybeate springs of Lucca . 
to consist of silicate of peroxide of iron, the water probaby holding a 
protosilicate in solution. There are several other minerals which are 
silicates, or hydrated silicates of iron. — 


Srnicate oF Zine occurs native under the name of electric calamine: 
it crystallizes in rhombic prisms, composed of 2 atoms of silicate of oxide 
of zinc, and 1 of water. 


* 


SiticaTe oF Copper is thrown down upon the mixture of sulphate or 
nitrate of copper with silicate of potassa, It occurs native in dioplase, 
or copper -emerald, which is apparently composed of 2 atoms of oxide of 
copper, 3 of silica, and 2 of water. 


Siricate or Lrap.—This compound exists in flint-glass, and is often 
used as a glaze for porcelain or earthenware, hence the poisonous quality 
conferred upon certain articles of food, when kept in earthen vessels 
thus glazed. A silicate of lead is easily formed (of variable composition) 
by fusing silica with oxide of lead; a yellow glass is the result. Some of 
the Chinese figures (often said to be made of rice) are a glass composed. 
of 41 oxide of lead, 39 silica, 7 alumina. (Kuaprortu.) 


SiztcATH oF ALuMINA.—The different kinds of clay are probably mix- 
tures, rathér than compounds, of silica, alumina, and water. The best 
clays for the purposes of pottery consist of about 3 proportionals of silica 
and 1 of alumina; or by weight 48 and 18. The following are the prin- 
cipal varieties used here. 1. Porcelain Clay, derived principally from 
the decomposition of felspar, and containing silica and alumina, some- 
times with traces of oxide of iron; it is very difficult of fusion. 2. Marly 
Clay, which, with silica and alumina, contains a portion of carbonate of 
lime; it is much used in making pale bricks, and as a manure; and when | 
highly heated enters into fusion. 3. Pipe Clay, which is very plastic and _ 
tenacious, and requires a higher temperature than the preceding for fusion; 
when burned it is of a cream-colout, and used for tohaccd-pipes and white 
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pottery. 4. Potters’ Clay is of a reddish or gray colour, and becomes 
red when heated; it fuses at a bright red-heat: mixed with sand it 
is manufactured into red bricks, and tiles, and is also used for coarse 
pottery. 

The mineral called Cyanite (Disthene), which is not uncommon in pri- 
mitive rocks, is a disilicate of alumina (2 AL+St). Andalusite is also a 
silicate of alumina. There are also many ternary and quaternary silicates 
in the mineral kingdom, a few of which I shall here enumerate, selected 
chiefly from the account ‘of them given by L.Gmelin*. Topaz=2 silicate 
of alumina+ 1] fluoride of aluminum. Fe/spar=1 tersilicate of potassa + 
3 tersilicate of alumina. Leucite=1 bisilicate of potassa + 3 bisilicate of 
alumina. Mica, a silicate of alumina with tersilicate of potassa. Pinit= 
1 tersilicate of potassa + 6 silicate of alumina (and oxide of iron). Albile 
= 1 tersilicate of soda+8 tersilicate of alumina. Sodalite =] chlo ide of 
sodium + 2 silicate of soda+ 6 silicate of alumina. Nephelin =1 silicate 
of potassa+2 silicate of soda+12 silicate of alumina. Analcime =1 . 
bisilicate of soda +3 bisilicate of alumina+2 water. Natrolite =1 
tersilicate of soda+3 silicate of alumina+2 water. Petalile — 1 tersi- 
licate of lithia +3 tersilicate of alumina. Spodumene =1 bisilicate of 
lithia+4 bisilicate of alumina. Barytic Harmotone =1 quatersilicate 
of baryta+4 bisilicate of alumina+6 water. Axiniteé = 1 bisilicate of 
lime + 3 silicate of alumina (with oxide of iron, manganese, and boraci¢ 
acid?) Prehnite =1 silicate of lime-+3 silicate of alumina. Stilbite = 
1 tersilicate of lime +3 tersilicate of alumina-+-6 water. Chabasite =] 
bisilicate of lime +3 bisilicate of alumina +6 water. Laumonile =] 
bisilicate of lime +3 bisilicate of alumina + 4 water. Emerald =| ter- 
silicate of glucina +2 tersilicate of alumina. Huclase =1 silicate of 
glucina+ 2 silicate of alumina. Zircon =silicate of zirconia, or ] silica 
+1 zirconia. Sphene =1 tersilicate of lime + 1 sesquititanite of lime. 


Porrery AND Porcetatn.—The better kind of pottery, called in this 
country Staffordshire ware, is made of an artificial mixture of alumina 
and silica; the former obtained in the form of a fine clay, from Devon- 
shire chiefly; and the latter, consisting of chert or flint, which is heated 
red-hot, quenched in water, and then reduced to powder. Each material, 
carefully powdered and sifted, is diffused through water, mixed by mea- 
sure, and brought to a due consistency by evaporation: it is then highly 
plastic, and formed upon the potter’s wheel and lathe into various circular 
vessels, or moulded into other forms, which, after having been dried in a 
warm room, are enclosed in baked clay cases resembling bandboxes, and 
- ealled seggars; these are ranged in the kiln so as nearly to fill it, leaving 
only space enough for the fuel; here the ware is kept red-hot for a con- 
siderable time, and thus brought to the state of béscuit. This is after- 
wards glazed, which is done “by dipping the biscuit-ware into a tub 
containing a mixture of about 60 parts of litharge, 10 of clay, and 20 of 
ground flint, diffused in water to a creamy consistence, and when taken | 


* The numbers imply atoms or equi- | be taken, from those given in the text: 
valents,according with thoseabove given. | and as yet we have no experiments to 
It is obvious that very different views of | guide us in our decisions on this point. . 
the atomic constitution of minerals may 


i ens 9s, at 
ate> a. 


— 
er. 


1036 * . POTTERY AND PORCELAIN. 


out, enough adheres to the piece to give an uniform glazing when again 
heated. The pieces are then again packed up in the seggars, with small 
bits of pottery interposed between each, and fired in a kiln as before. The 
glazing-mixture fuses at a very moderate heat, and gives an uniform 


glossy coating, which finishes the process when it is intended for common 


white ware.” (Arkin’s Dictionary. Art. PotrErRy.) 

The patterns upon ordinary porcelain, which are chiefly in blue, in 

consequence of the facility of applying cobalt, are generally first printed 
off upon paper, which is applied to the plate or other article while in the 
state of biscuit; the colour adheres permanently to the surface when heat 
is properly applied. 
The manufacture of porcelain is a most refined branch of art; the 
materials are selected with the greatest caution, it being necessary that 
the compound should remain perfectly white after exposure to heat: it is 
also required that it should endure a very high temperature. without 
fusing, and at the same time acquire a semivitreous texture and a peculiar 
degree of translucency and toughness. These qualities are united in some 
of the Oriental porcelain, or China, and in some of the old Dresden, but 
they are rarely found co-existent in that of modern European manufac- 
ture. Some of the French and English porcelain, especially that made at 
Sévres and at Worcester, is extremely white, and duly translucent, but it 
is more apt to crack by sudden changes of temperature; more brittle, and 
consequently requires to be formed into thicker and heavier vessels; and 
more fusible than the finest porcelains of Japan and China. 

The colours employed in painting porcelain are the same metallic 
oxides used for colouring glass, and in all the more delicate patterns they 
are laid on with a camel-hair pencil, and generally previously mixed with 
a little oil of spike-lavender or of turpentine. Where several colours are 
used, they often require various temperatures for their perfection ; in which 
case those that bear the highest heat are first applied, and subsequently 
those which are brought out at lower temperatures. This art of painting 
on porcelain or in enamel is of the most delicate description; much experi- 
ence and skill are required in it, and with every care there are frequent 
failures; hence it is attended with considerable expense. The gilding of 
porcelain is generally performed by applying finely-divided gold mixed 
up with gum-water and borax; upon the application of heat the gum 


burns off, and the borax vitrifying upon the surface causes the gold firmly ~ 


to-adhere; it is afterwards. burnished. 


__Crucrpies.—In the manufacture of various kinds of pottery employed 
in the chemical laboratory, and especially in regard to crucibles, many 
difficulties occur; and many requisites are necessary, which cannot be 


united in the same vessel: to the late Mr. Wedgwood we are indebted 
_ for vast improvements in this as well as in other branches of the art. 


Crucibles composed of one part of pure clay mixed with about three 
parts of coarse and pure sand, slowly dried and annealed, resist a very 
high temperature without fusion, and generally retain metallic substances; 


-but where the metals are suffered to oxidize, there are few which do ‘not 
act upon any earthen vessel, and some cause its rapid fusion, as the oxides 


of lead, bismuth, &c. Where saline fluxes are used, the best crucibles 
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will always suffer, but platinum may often be employed in these cases, 
and the chemist is thus enabled to combat many difficulties which were 
nearly insurmountable before that metal was thus applied. Whenever 
siliceous and aluminous earths are blended, as in the mixture of clay and 
sand, the compound softens, and the vessel loses its shape when exposed 
to a long-continued white heat, and this is the case with the Hessian 
crucibles: the most refractory of all vessels are those made entirely 
of clay, coarsely-powdered burned clay being used as a substitute for 
the sand. Such a compound resists the action of saline fluxes longer 
than any other, and is therefore used for the pots in glass-furnaces. A 
Hessian crucible lined with purer clay is rendered much more retentive ; 
and a thin china cup, or other dense porcelain, resists the action of saline 
matters in fusion for a considerable time. Plumbago is a very good | 
material for crucibles, and applicable to many purposes; when mixed with 
clay it forms a very difficultly-fusible compound, and is protected from 
the action of the air at high temperatures; it is well calculated for small 
table-furnaces. Wrought-iron, and the best cast-iron crucibles, are used 
for the fusion of several metallic substances which melt at a bright red- 
heat. The latter are used in the Mint for the fusion of silver; the gold 
is melted in black-lead or plumbago pots. 


Lures.—Under the term Lutes a variety of compounds are used by the 
practical chemist for the purpose of securing the junctures of vessels or 
protecting them from the action of heat. Slips of wetted bladder, linseed 
meal made into a paste with gum-water, white of egg and quick-lime, 
glazier’s putty, which consists of chalk and linseed oil, and fat lute, com- 
posed of pipe-clay and drying oil, well beaten to a stiff mass, are very 
useful lutes for retaining fumes and vapours and joining vessels to each 
other, but earthy compounds are required to withstand the action of a high 
temperature. Windsor loam, or an artificial mixture of clay and sand 
well beaten into a stiff paste, and then thinned with water and applied by 
a brush in successive layers, to retorts, tubes, gun-barrels, &c., enables them 
to bear a very high temperature; if a thick coating is required, great care 
should be taken that the cracks are filled up as it dries, and often a little 
tow mixed up with the lute renders it more permanent and applicable. If 
the lute is intended to vitrify, as, for instance, to prevent the porosity of 
earthenware at high temperatures, a portion of borax or of red-lead may 
be mixed up with it. Respecting the selection and management of cruci- 
bles, lutes, &c., the reader is referred to Mr. Faraday’s Manipulation. 


Morrars anD Cements.—Mortar, or the cement used in building, is 
-a compound of several earthy substances, one of which is always lime; 
for much valuable information relating to this important subject we are 
indebted to the late Mr. Smeaton, (History of the Eddystone Lighthouse,) 
and an excellent summary of the principal facts connected with it will be 
found in Arkin’s Dictionary. (Art. Cements.) The ordinary mode of 
making mortar consists in mixing a quantity of common sand with slaked 
lime, without any careful attention to the quantity or purity of the mate- 
rials; but it has been shown by Mr. Smeaton, that the presence of unburnt 
clay prevents the induration of the mortar, and the sand used in London 
always contains it; the lime too is often imperfectly burned and seldom 
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duly selected; that which contains a portion of alumina and oxide of iron 
being preferable to the purer varieties: hence the advantage of Dorking 
lime, or meagre lime, as it is usually called. The sand should be sharp 
and large grained, and perfectly free from salt, which always prevents the 
mixture from becoming hard. The addition of calcined ferruginous clay, 
or calcined basalt, or black oxide of iron, gives mortar the property of 
becoming hard under water. 

The mutual action which the substances constituting the different 
kinds of mortar undergo, has hitherto been but imperfectly examined by 
the chemist; to M. Vicat we are indebted for a curious and important 
series of experiments upon this subject, and his work may be consulted 
with much advantage, by those who are concerned in investigations of this 
nature. (Recherches Expérimentales sur les Chaux de Construction, les 
Bétons, et les Mortiers ordinaires. Paris, 1818.) 


Manvuracture or Guass.—Of this important and extensive subject I 
have only room for a very brief outline: for details I must refer to the 
authorities quoted, to the volume of Larpner’s Cyclopedia, which treats 
upon the manufacture of glass and pottery, and to Dumas, Chim. appl. 
aux Arls. 

Grass is essentially a compound of silica with potassa or soda, a 
variety of other substances being occasionally added for particular pur- 
poses, among which oxide of lead is perhaps the most important. The 
silica used in the manufacture of glass, is of various degrees of purity; 
fine white sand is generally employed in this country; flints, and the white 
quartz pebbles, abundant in some rivers, are also occasionally used. The 
alkali is either potassa or soda; purified soda or pearlash being preferred 
for fine glass; while less pure alkalis, such as wood-ash, barilla, and kelp, 
are used for common glass, where the impurities contained in those sub- 
stances are of no importance. The alkali is always used in the state of 
carbonate, but it loses its carbonic acid during combination with the silica; 
the quantity employed is about half the weight of the silica, but there is 
some loss during the process, by evaporation*. 

A glass composed solely of silica and alkali requires a very high tem- 
perature for its perfect fusion, and is very difficult to work, so that various 
substances are added, with the intention of forming a more fusible, 
colourless, dense, and transparent compound: oxide of lead, in the form 


of litharge or minium, is very efficacious in this respect: it increases the 


* All common glass when reduced to | which had lain in a wet cellar near the 


a fine powder is more or less acted on by 
_ poiling water, which separates the alkali, 
and its entire disintegration seems only 
to be prevented by the insolubility of the 
silica. Indeed, if finely-powdered flint- 
_glass be placed upon turmeric-paper and 
merely moistened, it powerfully reddens 
the test. Glass which has long been 
exposed to the weather frequently exhi- 
bits a beautiful iridescent appearance, 
and is so far decayed that it may be 
scratched with the nail: several years 
ago I examined some bottles of wine 


Bank, upwards of 150 years, having 
been deposited there (as circumstances 
proved) previous to the great fire of 
London in 1666. The glass was soft and 
greatly corroded upon the surface, in 
consequence of the abstraction of its als 
kali. The wine appeared to have been 
Malaga and Claret: the latter had pe- 
rished, but the former was still vinous. 
See Quart. Journ., xx. 262, where there 
is a paper on the solubility of glass by 
Mr. T. Griffiths. “4 
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fusibility of the compound, gives it greater tenaciousness when red-hot, 
increases its refractive power, and enables it to bear sudden changes of 
temperature. It is a copious ingredient in the London flint-glass, cele- 
brated for its brilliancy when cut, and used for most optical purposes. 
But lead, though it confers these advantages, is productive of some evil; 
it renders the glass so soft as easily to scratch, and so fusible that it 
softens at a dull red-heat, a quality which, though sometimes desirable, 
is often disadvantageous in its chemical applications. It is also very 
difficult to obtain a mass of glass containing lead, of equal density 
throughout; it is generally wavy, a defect especially felt in selecting glass 
for optical purposes. | 

Boracic acid and borax form an admirable flux for glass-making, but 
the expense of those materials confines them almost entirely to the 
manufacture of artificial gems, or of glass applicable to particular purposes 
only. 

Black oxide of manganese has long been used in glass-making; it was 
formerly called glass-soap, a term implying its power of cleansing certain 
impurities, and especially the green tinge which is apt to arise from 
impure alkali; but if it be added at all in excess, it communicates a 
purple tinge, more or less intense according to its quantity... This purple 
hue is destroyed by charcoal, or by thrusting a billet of wood into the 
glass-pot, which causes a slight effervescence, and the colour disappears. 
There can be little doubt that the carbon acts by deoxidizing the man- 
ganese, for if a little nitre be added, the purple colour returns. Lime in 
very small quantities, (8 or 10 parts of chalk to 100 of silica,) is sometimes 
added to glass: it acts as a flux, but it endangers the transparency of the 
compound, 

White arsenic is also used as a very cheap and powerful flux; and 
nitre, in small quantities, is employed to destroy any impurities arising 
from carbonaceous matter. 

The materials for the manufacture of glass are sometimes submitted 
to an operation called fritting, before they are transferred to the regular 
glass-furnace. It consists in exposing them to a dull red-heat, by which 
moisture and carbonic acid are expelled, and a slight degree of chemical 
action induced; this also prevents the excessive swelling up of the 
materials in the glass-pots, and renders the process of vitrification more 
certain and expeditious. The term frit, however, is now generally applied 
to the mere mixture of materials, which, without previous preparation, 
are at once melted in the furnace. | 
___The glass-pots are placed round a dome-shaped furnace, built upon 
_ arches, and open beneath for the free admission of air; there are generally 
six in each furnace, and they are entirely enclosed except at an orifice on 
the side, opening into a small recess formed by the alternate projections 
. of the masonry and the flues, in which recess the workmen stand. Coal 
is the fuel employed, and the furnace is so built that a rapid current of 
flame may be directed round each glass-pot, which afterwards passes out 
with the smoke into the dome and chimney, heating a broad covered 
shelf in its passage, which is sometimes used as an annealing-oven. 

_ In the construction of the furnace and pots, the greatest care is 
required; especially in the latter, which have not only to resist long- 
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continued heat, but also, as far as possible, the action of ingredients — 
which tend to accelerate their fusion or vitrification. They are usually : 


made entirely of a refractory clay, one portion being crude or unburnt, 
and another calcined and powdered; the latter being the remains of 
former furnaces when pulled down for repairs. 


The frit is introduced into the glass-pots through the side opening — | 


above-mentioned, and being heated to bright redness, becomes of a pasty _ 


consistency, and at length perfectly fuses. A quantity of impurities sub- 
side to the bottom of the pot, and partly rise to its surface. The scum, 
known under the name of sandever*, consists chiefly of saline substances, 
partly volatile at the high temperature of the furnace, which are removed 
from time to time, and sold to metal refiners as a powerful flux. The 
sandever, or glass-gall, being separated, the materials gradually become 
clearer, abundance of air bubbles are extricated, and at length the glass 
appears uniform and complete; the fire round the individual pot is then 
damped till its contents acquire a consistency fit for working, the whole 
process requiring about 48 hours from the time the pots are filled. At 
the working-heat, which is a full red, the glass has a very peculiar tena- 
cious consistency, and as it adheres but feebly to polished metal, it is 
easily wrought and managed with iron tools. 

All glass articles require to be carefully annealed, that is, suffered to 
cool very slowly, otherwise they are remarkably brittle and apt to crack, 
and even fly into many pieces upon the slightest touch of any hard sub- 
stance,.as is well shown in the small drops of green glass suddenly cooled 
by dropping them into water, and called Rupert's drops; the instant 
their thin end is broken off, they crumble into a powder with a kind of 
explosion. This phenomenon, according to Mr. Aikin, “depends upon 
some permanent and strong inequality of pressure, for when they are 
heated so red as to be soft, and merely let cool of themselves, the property 
of bursting is lost, and the specific gravity of the drop increased.” What 
are termed Proofs, or Bologna phials, are also made of unannealed glass, 
and fly to pieces when a piece of flint or other hard and angular substance 
is dropped into them. 

When large masses of glass which have been long in fusion are suf- 
fered to cool slowly, they frequently exhibit very singular crystalline 
appearances; there are often detached globular formations, of a very 


peculiar radiated texture, and looking exactly like foreign substances ~ 


imbedded in the glass; sometimes it is opaque and crystalline, bearing a 
strong resemblance to certain mineral products; in these cases crystalliza- 
tion seems to have influenced the affinity of the elements, and the conse- 
quent composition of the products. Mr. Watt's experiments upon the 
fusion of basalt may be consulted in reference to this curious subject. 
(Phil. Trans.) 


The exact ‘composition of the different kinds of glass is scarcely © 


known; the following proportions of the materials are, however, given 
in Messrs. Arkins’ Dictionary, to which the reader is referred fora 
valuable article upon the subject of glass: it must, however, be recol- 


* This substance is scarcely known in | of the pains bestowed upon the purifica- 
our present glass-houses, in consequence | tion of the materials employed, 
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lected, that the composition of the perfect glass can only be remotely 
anticipated from a knowledge of the substances employed in its forma- 
tion, in consequence of the changes which they undergo, and the volatility 
of some of them, at the high temperature to which they are subjected *. 
The specific heat of glass as determined by Regnault is 0°19768; but the 
composition of the specimen which he used is not stated. (Ann. de Ch. 
et Ph,, uxxiii, 34.) 
Flint-glass. Specific gravity about 3°2. 
120 parts of fine clear white sand 


40 4, ~~ purified pearlash 
35 4 litharge 
Boe. #235 nitre 


A small quantity of black oxide of manganese. 


Crown-glass, or best window-glass. 
200 parts of soda 


300. —,,_~—Ss fine sand 
OO) lime 
250 -,, ground fragments of glass +. 


Green Boltle-glass. 
100 parts of sand 


30 4, ~— coarse kelp 
169 4, —_—‘lixiviated earth of wood ashes 
30 =,‘ fresh wood-ash 

80 4, brick clay 
100 ~,, ~+fragments of glass. 


Plate-glass, invented by Abraham Thevart in 1688, was first manu- 
factured in Paris. It may be composed of 
300 Ibs. fine sand 
200 Ibs. soda 
30 Ibs. lime 
32 0z. Manganese 
3 oz. cobalt azure 
300 lbs. fragments of good glass. 

These materials are brought into perfect fusion, and poured upon a 
hot iron or copper-plate; the mass is then rolled out, annealed, and 
afterwards polished by grinding with sand, emery, and colcothar. The 
difficulty of producing a perfect plate without specks, bubbles, or waves, 
may easily be conceived, and this, with the risk of breakage, renders a 
large plate extremely expensive. 

The art of colouring glass, and of making artificial gems; is of an old 


_* Mr. Faraday has communicated to| Silica. .... . 51°93 . 48°24 . 44-30 
the Royal Society a paper on the manu-/| Oxide of lead . 33:28 . 40°12 . 43-05 
facture of glass for optical purposes,; Potassa .... 13°77. 10°€0. 11°75 
containing much curious and valuable | Alumina... . O47 . 0°58. 0°50 
information upon the subject generally, | Oxides of iron | io ae 
and which should be consulted by those and manganese | 7. 8. O12 
who are concerned in that difficult ; TS aeltercas, 
branch of the art of glass-making. Te 99°72 99°62 99-72 
successfully availed himself of the use + In the manufacture of all common 
of borate of lead as one of its com-| glass a proportion of brcken glass is 
I am indebted to him for the |) usually mixed up with the raw materials, 


ponents. 

following analyses of different specimens 
of flint-glass. (Pril, Trans., 1830.) 

+: 


and is technically known under the name 
of Cullet. 
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date, and effected by metallic oxides. The paste for artificial gems gene- — 
rally contains borax, and should be kept in fusion till perfeetly clear. — 
The following proportions are recommended by M. Douault-Wieland. 


(Ann. de Ch. et Ph., xix. 57.) ‘ 
; Grains. b 
Powdered rock-crystal . : ; 4056 

Red lead. : ° ° ° . 6300 


Pure potassa . ° ° . 2154 
Borax , ; : : : pe e76 
White arsenic : F 4 : 12 


M. Lancon gives the following as ingredients for a good paste His, 


Grains. 
Litharge ° . . ; : 100 
White sand : : ; 5 75 
White tartar or pot-ash . ° 10 


The metals employed as colouring-materials are :—1. Gold. The purple 
of Cassius imparts a fine ruby tint. 2. Silver. Oxide or phosphate of © 
silver gives a yellow colour. 3. Iron. The oxides of iron produce blue, 
green, yellow, and brown, depending upon the state of oxidizement and — 
quantity. 4. Copper. The oxides of copper give a rich green; they also — 
produce a red when mixed with a small proportion of tartar, which tends — 
partially to reduce the oxide. 95, Antimony imparts a rich yellow. 
6. Manganese. The black oxide of this metal, in large quantities, forms 
a black glass; in smaller quantities, various shades of purple. 7. Cobalt, 
in the state of oxide, gives beautiful blues of various shades; and with 
the yellow of antimony or lead it produces green. 8. Chrome produces 
fine greens and reds, depending upon its state of oxidizement. 

White Enamel is merely glass, rendered more or less milky or opaque 

by the addition of oxide of tin; it forms the basis of many of the coloured 
enamels, which are tinged with the metallic oxides. Directions for the 
preparation of several good enamel-colours are given by Mr. Wynn, in the 
Transactions of the Society of Arts, 1817, and Phil. Mag., Li. | 

The following are the best authorities upon the subject of coloured 
glasses and artificial gems:—Nenrt, Art de la Verrerie; Kuncxet; Fon- 
raniev, Encyclopédie Méthodique; Ann. de Ch, et Ph, xiv. 57; ArkIN’s 
Dictionary, art. GLASS ; Larpner’s Cyclopedia ; Dumas’ Chim. app. au 
Arts. as 
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CuaptTer VII. 
VEGETABLE PRODUCTS. 


Havine, in the preceding chapters, examined the elementary sub- 
stances, and such of their combinations as are the result of artificial 
operations, we are now to turn our attention more exclusively to the 
products of organization. The present chapter embraces the interesting 
but complicated and difficult subject of vegetable chemistry, the objects of 
which are to inquire into the phenomena of vegetation, the nature of the 
ultimate elements of vegetable products, the proportions in which they 
combine, and the general laws which influence them; to examine the 
properties and distinctive chemical characters of the proximate com- 
ponents thence resulting, and the spontaneous changes to which they are 
subject. 

The chemical physiology of vegetables constitutes an important branch 
of scientific botany, for which I must refer to physiological and botanical 
authors, want of space obliging me here to limit myself strictly to the 
enumeration of a few leading points which bear directly upon chemistry, 
and which are essentially connected with the theoretical and practical 
details upon which I must necessarily enter, or which have been touched 
upon in preceding pages. | 


§ I. Or rue Grown, Srrucrurr, AND Funcrions or PLants. 


Sreps, from which plants are originally derived, present infinite variety 
in form and character; without, however, adverting to the minute history 
of their different parts, we may here refer to the common garden bean as 
illustrating the general structure of a dicotyledonous seed, and as enabling 
us to refer generally to their functions and developement. This seed, 
when the external membranes or coverings are carefully removed, is easily 
separated into two distinct portions, which constitute the bulk of the seed, 
and which are termed 
the cotyledons; they 
are represented by a a 
in the annexed cut, fig. 
280; between them is 
seen the embryo or 
- germ,of which one por- 
‘tion 6, lying between 
and within the coty- — 
ledons, is termed the plumula, and the small projecting part ¢ is called 
the radicle. 

- When a seed is placed under favourable circumstances, the different 

‘parts begin to grow; the membranes burst, the plumula gradually expands, 

and rises to the surface of the soil, and the radicle puts forth ramifications, 

and becomes aroot. These changes constitute germination. The coty- 

ledons, originally insipid and farinaceous, become sweet and mucilaginous, 

and furnish materials for the early nutriment of the young plant, before 
322 
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its root and leaves are adequate to their full functions; and vessels are 
observed for this purpose, as represented in fig. 281. When the root and 
stem have acquired a certain vigour, the cotyledons either rot away, or ~ 
become leaves; and the plant then derives its nourishment by the root and 
leaves, the former collecting materials from the soil, the latter from the 
atmosphere. 

The circumstances requisite for the healthy germination or growth of 
a seed are principally the following: —1. A due temperature, which is 
always above the freezing-point, and below 100°. 2. Moisture in due 
proportion. 3. A proper access of air, the oxygen of which is slowly 
converted into carbonic acid. The joint operation of these agents also is 
required: for seeds exposed to air and moisture, but kept below 32°, will 
not grow, though they are not injured by the low temperature: nor will 
a seed vegetate without air, though moisture be present, and a sufficient 
temperature; this is shown by burying seeds deep in the soil, and by the 
spontaneous vegetation upon newly-turned earth, in which seeds had 
existed, but through absence of oxygen had been unable to vegetate. 
Hence, in all cases of tillage, the seeds should be so sown as that the air 
may have access; in sandy soils this is easily attained, but in clay, the 
adhesiveness of the material becomes a source of sterility. 

The swelling of the cotyledons is occasioned by the absorption of 
humidity; accordingly, all seeds enlarge in bulk when immersed in water, 
but those only of water-plants will vegetate under such circumstances ; 
others require the more free access of air, and grow in the common soil 
at depths to which the atmosphere easily finds access, and which mois- 
ture easily percolates; but in these early stages of vegetable-developement 
the soil is of no further use, for the seed will grow upon wet-paper, cloth, 
stone, or other materials; in short, air, moisture, and heat, are the only 
external requisites; everything else depending upon the seed itself. 
During the expansion and softening of the cotyledons, their albuminous 
and amylaceous parts become converted into gum and sugar, which are 
absorbed into the radicle, and contribute to its nourishment and growth 
into a root. When seeds are made to germinate in confined portions of 
air, it is found that they do not alter its bulk, but that a part of its oxygen 
ig converted into carbonic acid; hence, one consequence of germination is a 
diminution in the relative proportion of carbon in the seed, leaving a com- 
parative excess of hydrogen and oxygen, for these are its wlizmate elements.. 
This evolution of carbon is essential to the growth of the seed, for seeds 
will not germinate unless free oxygen be present: in hydrogen, nitrogen, 
and carbonic acid, when aided by moisture, the seed swells at first, but then 
decays; and in pure oxygen germination is morbidly accelerated; and it is 
said that certain oxidizing agents, especially the aqueous solution of chlo- 
‘yine, are effective in the restoration of the germinative power to old and 
dry seeds. All these changes are injuriously affected by light; sunshine 
soon kills the growing seeds, and even diffused day-light operates 

-unpropitiously; we see, therefore, that in a properly-constituted soil, _ 
everything concurs in promoting the healthy functions of the seed; alr, 
-moisture, and heat, are duly administered, but the direct influence of 
light is excluded: darkness seems essential to its early developement. 
At first, the radicle is. most rapid in its growth; the nourishment — 
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supplied by the cotyledons going chiefly, if not exclusively to it; it shoots 
forth its absorptive fibrils, which now take up nutriment from the soil, and 
feeding upon this, the plumula rises and puts forth branches and leaves, | 
the profuse and even infinite variety of which may well excite our wonder 
and admiration, and is doubtlessly connected with ends and objects of 
which we at present are ignorant. 

The general phenomena of the developement of a seed, are, chemically 
speaking, the same; but there are extraordinary modifications in the 
growth of plants derived from those which are monocotyledonous, as 
opposed to those derived from dicotyledonous or polycotyledonous seeds: 
the former class includes the palm tribe, and the greater proportion of 
tropical plants; all gramineous and liliaccous plants, likewise belong to it: 
their growth is endogenous, that is, it is the result of additions made 
internally; the latter class comprehends the ordinary forest-trees, and the 
greater number of our common vegetables; in them the growth is 
external, or exogenous; and the successive additions to their substance 
are made upon the exterior of the parts from which they proceed. 
The palm-tree furnishes an instance of endogenous growth: it bears 
a tuft of leaves at the top of a very lofty cylindrical stem, composed of a 
_ dense external layer of wood, and increasing in porosity towards the centre; 
its general texture appears similar throughout, and the distinctions of 
pith, wood, and bark, are not perceptible in its transverse section: its 
mode of growth is peculiar; it first forms a circle of leaves, which after 
having attained a certain size, are succeeded by another circle growing 
from the interior of the former: these are reproduced annually, each 
crop exerting an outward pressure upon the ligneous formation of the 
preceding year, which at length becomes too dense to admit of further 
distension: the growth of the inner layers is then necessarily directed 
upwards, so that they each successively rise by distinct stages, always 
proceeding from the interior; but the stem never increasing in diameter 
after the consolidation of its exterior layer. A disc of leaves shoots 
yearly from the new layer of wood, and when these fall off they leave a 
circular mark upon the stem, so that the age of the tree may be judged of 
by the number of these alternations of circular knots. Similar appear- 
ances may be observed upon grasses. 

The section of a bicotyledonous tree, or one of exogenous growth, 
exhibits several distinct formations: there is a central pith, the structure 
of which is cellular or spongy, and not tubular, and which is liable to 
much variation in quantity and character in different plants or trees, and 
at different stages of their growth: it is surrounded by concentric layers 
of wood, the exterior portions of which are softer than the interior; hence 
the distinction into alburnum or new-wood, and duramen or heart-wood, 
the former being paler than the latter, which is often brown, and in 
ebony, black. The wood is enveloped by the bark, which consists also of 
concentric layers, of which the innermost bears the name of liber; the 
whole is covered by cellular tissue and epidermis: the bark, like. the 
wood, when more than one year old, is composed of as many layers of 
cellular integument and woody fibre as it is years old, the former being 
external, and the latter internal, in each layer, and every layer being 
formed beneath the previous one, and therefore next the wood: so that 
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the bark is to a certain extent elastic or distensible; but after a time it 
splits, as in the elm, the cork, and the generality of European trees; or it 
peels off, as in the plane and birch. In the spring of the year a viscid 
substance is found between the bark and the wood, which is termed cam- 
bium. Besides these distinct formations which trees of exogenous growth 
present, the horizontal section of the stem exhibits a number of rays or 
lines proceeding from the pith to the circumference ; they are apparently 
composed of one or more layers of cellular tissue, and are termed medul- 
lary rays; in longitudinal section they give to many woods a peculiar 
satiny lustre. As a new layer of wood and bark are formed annually, it 
is customary to judge of the age of trees by the number of concentric 


rings which either of them exhibits; but these calculations are open to — 


many fallacies. (See Linpuny’s Introd. to Botany, book i., chap. ii.) 
The cuticle, or most superficial membrane of plants, is extremely 
varied in different vegetables, and,in different parts of the same plant: it 


extends over every part of the plant; it allows, by its pores, or stomata, — 


of absorption and transpiration, and being generally transparent, at least 
upon the leaves and flowers, it admits the influence of light. The cuticle 
varies in texture and appearance in different plants. On the currant and 


elder tree, it is smooth, and scales off: on the fruit of the peach, and on — 


the leaf of the mullein, it is covered with wool; on the leaf of the white 
willow, it is silky; in several plants, it is covered with hair and bristles, 
which in the nettle are perforated, and contain a venomous fluid: on the 
plum’ and upon many leaves, it is varnished with a resinous exudation, 


which prevents injury from rain: it is fungous on the bark of the cork- — 


tree; and on grasses, on the equisetum, and especially on different species 
of the rattan, it iscovered with a glassy net-work of silica. his fact first 
occurred to Sir H. Davy in 1798, and led to experiments by which he 
ascertained that siliceous earth existed generally in the epidermis of the 
hollow plants. “ It serves,” he observes, “as a support, protects the bark 
from the action of insects, and seems to perform a part in the economy of 
those feeble vegetable tribes, similar to that performed in the animal 


A. 
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kingdom by the shell of the crustaceous insects.” Silica is also found in + 


the hollow ‘stem of the bamboo, constituting the substance called 
tabasheer. It is to the large quantity of silica existing in grasses, that the - 


glassy character of the products of burned hay and corn stacks is to bem 


attributed. 


Under the cuticle, or epidermis, is the parenchyma; a soft substance, — 


ae 


appearing under the microscope of a honeycombed or hexagonal cellular _ 


structure, resulting from the mechanical laws which influence the pres- 
sure of soft cylinders. 

As the tree grows, the stem and the root both send out their branches” 
or ramifications, and the phenomena of their production are extremely 
curious and interesting: the branches, and their subdivisions, are generally 


produced with remarkable regularity, so as to give a defined outline to 


the shrub or tree, except where unequal exposure to air, light, or heat, 


causes one side to expand more luxuriantly than the other: the root, 
too, in an uniform soil, extends equally on all sides, but various causes 


likewise interfere with its growth, and it sometimes presents very extra- — 


ordinary diversions from its usual progress. 
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I have already noticed the infinitely-varied forms and textures of the 
leaves of plants; their anatomy has been closely investigated by botanists 
as well as the mode of their growth or formation; they for the most part | 
exhibit a beautiful skeleton or frame-work of ligneous fibre, supporting 
a delicate vascular and cellular structure, and are covered by cuticle. The 
flowers, and their parts, are analogous in anatomical structure. | 

Besides the cells, which have been mentioned as constituting a large 
proportion of the vegetable texture, there also are membranous ¢ubes inter- 
spersed through their various parts, which exhibit extraordinary varieties 
in their form, characters, and dimensions; some are simple, others jointed, 
or spiral, or annular, or perforated; their contents also, as well as those 
of the cells, are very various; they contain crude or concocted sap, 
various secretions, or products of vegetation, and air. 

The nourishment of plants is partly derived from the soil, through the 
medium of the roots, and partly from the air, by means of the leaves. In 
spring, before the leaves appear, the roots are chiefly active, and absorb 

carbonic acid, ammonia, and other matters derived from the soil, and 
from the decay of the allen leaves of the preceding autumn. The ab- 
Sorptive power of the root is not merely capillary, but peculiar and vital, 
and seems to reside in the terminal fibres or spongioles, and not in the 
radicular branches generally; hence the injury which is generally inflicted 
upon the root by removal or transplantation; the necessity of carrying 
with the root a sufficient ball of earth to prevent the abrasion or fracture 
of the spongioles; and the advantage of growing plants in pots, which are 
intended afterwards to be removed into the border. The roots absorb 
some substances more readily than others, but they have no selective 
power in respect to the most appropriate nutriment; and Saussure has 
shown that they, in many instances, absorb poisonous substances more 
rapidly than others. Marcet’s experiments have taught’ us that white 
arsenic and corrosive sublimate are poisonous to vegetables as well as to 
animals; and that vegetable poisons are equally active, such as opium and 
' prussic acid, which when applied, even in very dilute solution, to the 
roots, cause the plant to droop and die. It has been ascertained that the 
access of air to the roots of plants is not only not prejudicial, but that 
it favours the healthy performance of their functions. 

The fluids which are absorbed by the roots of plants, constitute the 
crude or ascending sap*; they are circulated in appropriate vessels 
throughout the vegetable fabric, being transmitted more copiously* to 
some organs than to others, and contribute to the formation of new parts, 
and to the composition of their various secretions. Hales, long ago, 
demonstrated the power with which the sap ascends in its vessels, and 


ginous mattér, and acetic acid combined 
with potassa and lime. The solid matter 
afforded by their evaporation, yielded 


* The sap of plants is of very various 
composition, and contains, besides cer- 
tain proximate vegetable principles, 


several saline substances, especially the 
acetates of potassa and of lime: it also 
often exhibits traces of wunhcombined 
vegetable acids. ‘The sap of the elm, 
beecli, hornbeam, and birch, have been 
examined by Vauquelin (Ann. de Chim., 
xxxi.): he found extractive and mucila- 


an ammoniacal smell, probably owing to 
albumen: the sap of the birch afforded 
saccharine matter. Dr. Prout has given 
some account of the sap of the vine. Its 
taste is sweetish, and its specific gravity 
scarcely exceeded that of water. Potassa 
and ammonia reddened it, and precipi- 
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endeavoured to account for the rapidity and the direction of its progress; 
but this phenomenon is still unexplained: a valvular system in the ves- 
sels, somewhat similar to that of the veins of animals, was presumed to 
be efficient in preventing the retrograde motion of the sap: but the well- 
known fact, that a plant may be inverted, and that the branches may be _ 
made roots and the roots branches, subverts such an hypothesis. When — 
the sap has once entered its vessels, it seems invariably to tend (perhaps 
in the direction of least resistance) towards the leaves, which, as regards 
its chemical changes and elaboration, are certainly most important and 
essential organs. ‘The quantity of the sap which, in many plants, is thus 
carried upwards from the roots, is very surprising, considering the source 
whence it must be derived; it may often be abundantly collected by 
cutting off a branch of a young and thriving tree or shrub, and it is then 
seen to ooze from the section, flowing over in drops, and running down 
the stem. The vast evaporation, also, ‘that takes place by the leaves, must 
be chiefly, if not exclusively, supplied by the roots. Many plants, 
examined by Woodward, lost, in three months, one hundred times their 
own weight of water by transpiration. Hales found asun-flower lose one — 
pound four ounces, and a cabbage one pound three ounces, in twenty-four ® 

A 


hours, by this process. This perspiration is said to depend upon the 
number of the stomata, and therefore to be less in evergreens, in which — 
they are few, than in deciduous and herbaceous plants. Whenever the — 
balance between the absorptive power of.the spongioles and the emissive _ 
power.of the leaves is disturbed, the plant suffers, as we see by the 
drooping of the leaves in a warm and dry atmosphere on the one hand, _ 
and in a dry soil on the other. . 
The leaves are the seat of the most important vegetable functions; _ 
they are organs of absorption and emission, of nutrition and of digestion. — 
The sap which in its crude state, as it rises from the roots, is extremely . 
dilute, and consists of little else than water, with carbonic acid, and 
traces of saline matter, is concentrated by evaporation in the leaves, and 
receives an addition of carbon from the carbonic acid in the atmosphere; 
air, and light, and heat, are active in these changes, and the leaves are ‘ 
' admirably adapted to such complicated purposes. Their influence in 
modifying the composition of the sap, and in supplying food to all parts . 
ig 


tated red flocks soluble in acetic acid. | Journal, iv. 147, N.S.) In ae fluid - 
It was rendered slightly turbid by nitrate | ounces he found j 
of silver, subacetate of lead, ferrocyanuret Oxalate of lime 2-900 
of potassium, and oxalate ofammonia. It NCR S OF line Fa hi 1:097 
contained carbonic and acetic acids, and Nrstatelo? potassa Peay 0-700 
an alkali. (Ann. of Phil., v.) Professor RPE 2:100 
Scherer analyzed the sap of the common Sugar, &c. (soluble in : 
maple: it had a milky appearance, and alcohol) \ 0°100 
sweet taste. It did not affect litmus or Loss Sey. 0°353 

_ turmeric. It was precipitated by oxalate Eso ime nie 
of potassa, nitrate of silver, and baryta- 7250 
water. When evaporated, it yielded a 
salt with base of lime, containing a| It is, however, almost impossible to 
peculiar acid, which he calls aceric acid. | collect the ascending sap without ad- 
(ScHWEIGGER’ s Journal, iv.) mixture of some other juices of the plant, 

The sap of the rose-tree has been | so that the analyses only afford approxi- 

examined by Mr. Addams. (Quarter/y | mations to its real composition, 


so 


ee 
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about them, is shown by the mischief which ensues when they are 
remoyed; and we have evidence of their emissive or perspiratory powers 
in the watery vapour which they give off, and which sometimes collects 
in drops; they also occasionally secrete grosser compounds. If we 
place a healthy leaf between two cold plates of glass, we generally 
observe that the greatest visible transpiration is from the lower surface, 
and the organization of the leaf is apparently. such as to render that 
surface the most apt for the escape of watery vapour: but in some plants 
the upper surfaces of the leaves are said to be most active, so that pro- 
bably both the absorptive and excretive power of the leaves varies in 
different individuals. 

One of the most curious and important functions of the leaves is their 
power of decomposing the carbonic acid which is always present in the 
air, retaining its carbon, or a portion of it, and emitting pure oxygen; 
and to show how important an agent light is in inducing these chemical 
changes, it is found that they only go on under its influence, and that 
in the dark they are cither inactive, or even deteriorate the air (as we 
are in the habit of saying,) by the addition of carbonic acid; upon the 
whole, however, although different plants act very differently in this 
respect, there can be no doubt that the influence of the vegetable creation 
upon the atmosphere is purificative; that is, that part of the carbonic acid 
produced by animal respiration, and by combustion and other causes, is 
decomposed by the leaves, and that they evolve more oxygen during the 
day-time than carbonic acid during the night. This is well illustrated by 
Dr. Priestley’s experiments on the sprigs of mint already cited (p. 65). 
We now, also, shall duly appreciate the importance of aqueous vapour, 
and of carbonic acid, as components of the atmosphere (p. 453), for that 
the leaves often absorb moisture from the air is shown by the reviving 
influence of damp air upon a drooping plant, or of the direct application 
of water to its leaves. It has also been proved that no oxygen is evolved 
by plants, except carbonic acid be present in the air. Aquatic plants 
furnish a striking corroboration of these observations; they decompose the 
_ carbonic acid of the air in water, and evolve oxygen during the influence 
of light; this carbonic acid may be furnished from various sources, but 
part of it is often derived from the respiration of fishes, and would accu- 
mulate to a noxious extent were it not replaced by the oxygen emitted by 
the plants; hence it is that fish never thrive in waters which are exempt 
from vegetation; and that in ornamental vases and basins, in which there 
are fish, aquatic plants are at the same time desirable. But, although 
plants will not thrive without access to carbonic acid, its excess is preju- 
dicial, and it has been found to operate as a poison when it exceeds one- 
twelfth of the atmospheric air; in such proportion, however, it never 
exists in the free atmosphere. 

Saussure’s experiments upon the functions of the leaves have taught 
us the curious fact, that along with the carbon, a portion of oxygen is 
also absorbed, and this (in the absence of light) from an atmosphere not 
containing carbonic acid. Fresh leaves, exposed in the dark under a 
bell-glass of air, absorb one portion of oxygen, and convert another into 
carbonic acid: if afterwards exposed to the light, and especially to the 
direct rays of the sun, they re-absorb the carbon, and give out the whole 
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of the oxygen, gradually restoring the air to its pristine condition. Very 
succulent leaves (those of the Cactus opuntia for instance), absorb oxygen 
in the dark, and again evolve it in the light: in the course of 30 hours 
they thus absorbed more than their own bulk, and it could not be 
extracted from them either by warmth, or by exposing them in the 
vacuum of the air-pump, though in the sun’s rays they invariably emitted it. 
These properties belong to the leaves of all plants, but the effects vary 
much in degree in different genera; they are also probably more or less 
resident in all the green parts of vegetables, but are not possessed by the 
bark or roots. Boussingault has published an elaborate paper in the 
Ann. de Chim. et Phys. (uxix. 5 and 353), respecting the absorption of 
nitrogen by the leaves of plants, but the question is not satisfactorily 
decided. 

The changes which the sap undergoes in the leaves are extremely 
complicated, and are sometimes manifest in their obvious properties; 
thus, the leaves of some species of Bryophyllum, are said to be 
‘sour in the morning, tasteless at noon, and bitter at night, reddening 
litmus at one time of the day and not at another; the flowers of the 
Cichorium intibus are white or blue, according to the intensity of. the 
day-light; and many fruits are observed to be more acid in the morning 
than in the evening. 

The circulation of the sap, as has been before remarked, is involved, 
as to ity cause, in great obscurity, and even the general direction. of its 


progress in the growing vegetable has not been very satisfactorily ascer-_ 


tained; but the researches of Andrew Knight (Phil. Trans., 1801), and 
other experimental physiologists, render it probable, that the chief ascent 
of the sap from the roots to the leaves, is in the vascular system of the 
alburnum and outer layers of wood, that it is thence transferred into the 
leaves, and that having there undergone changes, some of which have 
been adverted to, it descends chiefly, but not exclusively, by the liber or 
inner layer of bark, giving rise to the secretion of cambium, to the for- 
mation of new wood, and to the deposition or separation of gum, resin, 
and other characteristic proximate principles. The proofs of this circu- 
lation of the sap are, that if a branch be cut through in the spring, sap 
will exude more or less from its whole surface, but most copiously from 
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the alburnum; if it be cut half through, and a semicylindrical piece _ 


removed, the principal exudation of sap upon the upper half will then be 


in the innet layers of the bark, and the liquid which there oozes will be 
different from, and more concentrated than that which runs from the 
- outer layers of the wood; as if the ascending sap-vessels had been divided 
in the alburnum, and the descending in the liber; and if a ring of bark 
be carefully removed from a branch of a young tree early in the spring, 
the portion above the section will be turgid, and perhaps bear blossom 
‘and fruit, indicating symptoms of accumulation of sap, the escape of 
which from the cut surface is soon prevented by the induration of the 
inspissated descending sap, and ultimately by the growth of new ligneous 


matter, the proportion of which is enormous upon the upper, as compared | 


with that upon the under line of section. This explains the influence of 
ringing the branches of fruit trees, with a view of rendering them pro- 
ductive; and the difference between the ringed and the other branches is 
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often very striking, late in the season, as affecting the fruit, leaves, and 
general aspect of the plethoric parts. 

Plants are in general extremely susceptible of impurities in the air 
that surrounds them; slight modifications, therefore, in the composi- 
tion of the atmosphere, are more or less prejudicial to their growth; 
especially when not under the influence of light: thus, although in the 
sun, a plant will thrive in air containing 8 or 10 per cent. of carbonic 
acid, such excess of that gas is fatal to it in the shade. The experiments 
of Drs. Christison and Turner upon this subject (Brewsrer’s Journal, 
1828, and Linpiey’s Introduction, book ii. ch. v.) are very instructive; 
and instead of being surprised at the injury which plants sustain in the 
atmosphere of London, lead us to wonder that they are not more generally 
affected by it; there is no doubt, however, that plants, like animals, vary 
in regard to the delicacy of their constitutions, and that some are infinitely 
more susceptible, not only of changes in the temperature and humidity 
of the air, than others, but are fatally influenced by the presence of 
foreign matters which more hardy tribes resist. Dr. Macculloch has 
given us some curious facts upon this subject. (Quarterly Journal of 
Science for 1829.) 

The influence of the flowers of plants upon the atmosphere, is pro- 
bably as various as are their infinitely-varied forms, colours, odours, and 
composition; even in the light, they invariably deteriorate the air; that 
is, they. convert a portion of its oxygen into carbonic acid, and that, more 
rapidly than the leaves are found to do, in the dark: the sexual organs 
of the flower have been shown by Saussure materially to influence the 
destruction of oxygen. From M. Berard’s experiments on the action 
of fruits upon air (Ann de Ch. ef Ph., xvi.), it appears that they, in 
all cases, tend to the production of carbonic acid, and that this loss of 
carbon is essential to the ripening of the fruit; for when deprived of 
oxygen, the fruit dies. When fruits rot, they first change a portion of 
the surrounding oxygen into carbonic acid, and then liberate the same 
gas ready formed. He considers gum and lignin as the principles in 
unripe fruits which chiefly tend to the formation of sugar during their 
ripening, and has given several analyses of fruits in illustration of these 
views, a few of which are selected in the following Table: the elements 
of water are algo probably concerned in the change. 


CHERRIES. PLUMS. PEACHES. PEARS. * Apricots. 


\Green.| Ripe. |Green.| Ripe. | Green.| Ripe. | Green.| Ripe. | Green.| Riper. Ripe. 


Vegetable ti 9-21 | 0:57 | 0-45 | 0-28 | 0-41 | 0-93 | 0-08 | 0-21 | 0-76] 034] 0-17 
albumen 


Colouring } 0-05 


hate Pi 0:03 | 0:08 | 0:27 2 0-08 | O°01 | 0-04 | 0°03 | 0:10 
Fignm . 2} 244 | PID | E26) 1-41 | SOT 1:21 | 3°80 | 2°19 | 3°61:| 2°53 | 1-86 
Gum. . 601 | 3:23 | 553 | 2:06 | 4:22 | 4:85 3:17 | 2:07] 4:10] 4:47 5°12 
Sugar . . | 1:12 | 18:12 |17°71 | 24°81 | 0°63 | 11:61 | 6-45 | 11:52 | Trace! 6°64 | 16-48 | 
Malic acid | 1:75 | 2-01 | 0-45 | 0°56 | 1:07] 1:10] 0-11 | 0:08 | 2:70 | 2-301 1-80 
Lime . .| 0:14 | 0:10 | Traces|Traces| 0:08 | 0:06 | 0-03 | 0-04 Trace | Trace | Trace 
Water . |88-28 | 74:85 74°57 | 71:10 | 90-31 | 80°24 | 86-28 | 83°88 | 89°39 | 84:49 | 74-87 
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The evolution of heat during the germination of seeds, is well shown 
by the rise of temperature in the process of malting; and the temperature 
of the organs of the flower, during the period of their activity, 1s, in some 
plants, many degrees above that of the atmosphere: these cases of the 
production of heat must not be confounded with those of fermentation ; 
they are perfectly distinct, especially in the latter case. It appears 
probable that all plants have a power, dependent upon their vitality, of 
maintaining, toa certain extent, an equable temperature; but how far their 
internal heat can be affected by external causes, has not as yet been 
satisfactorily ascertained. 

I have now briefly enumerated a few of those phenomena of vegeta- 
tion in which chemical changes are principally concerned; the whole 
inquiry is full of interest to the chemical physiologist. Among the vital 
powers of plants, there are some which I have not adverted to, because 
apparently unconnected with the subject before us; such as the sleep of 
plants; the expansion and contraction of their flowers and leaves, 
_ dependent upon the presence or absence of light; their spontaneous and 
their involuntary motions, as in the Hedysarum gyrans, the Mimosa 
pudica, the Dionea muscipula, and the influence of electricity upon the 
latter. 

It has been stated that carbon, oxygen, hydrogen, and nitrogen, are 
the essential ultimate elements of vegetable products, and it is evident 
that they derive a part of their carbon and oxygen from the air: the source 
of theit hydrogen and nitrogen is probably acquired in the form of am- 
monia. That plants derive much of their nutriment from the soil, is 
obvious from its impoverishment, and from the direct influence of nourish- 
ment so applied; the substances thus taken up, are, or at least may be, 
very complicated, consisting of a variety of soluble matters, of inorganic 
as well as of organic origin; and the rapidity or facility with which they 
are imbibed depend upon a variety of obscure causes, and partly upon 
the relative magnitude and absorbent powers of the leaves; for it is, I 
believe, admitted, that plants with large systems of leaves absorb less 
from the soil than those which are less liberally provided with foliage; 
and, independent of this, some plants are certainly more voracious and 
gross feeders than others, thriving in proportion to the richness of the 
soil, and acquiring odour and flayour from the manure with which they 
are supplied. 


Manures are of vegetable, animal, or mineral origin. The two former 


are capable of affording carbon, nitrogen, and hydrogen; they may also 
_ yield some of the immediate principles of vegetables. ‘The mere existence, 
however, of organic matter in the soil is not sufficient to constitute it 
a manure; it must be reduced to a state in which it can be absorbed by 
the roots of a growing vegetable; this is effected by fermentation or 
‘putrefaction. Where the vegetable matter is in an inert insoluble form, 
it will be of no avail unless rendered active and soluble, which is effected 
either by mixing it with such kinds of animal matter as undergo quick 
putrefaction, such, for instance, as dung, rotten fish, or decaying parts of 
animals; or, by the operation of alkaline bodies, such as quicklime, &c. 
When newly-burned lime is strewed over a soil containing inert vege- 
table matter, it acts upon it, and renders it more or less decomposable, 
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while the lime, by absorbing moisture and carbonic acid, is slaked, and 
passes into the state of chalk, which is often a useful addition to the soil: 
but when limestone contains magnesia, it remains caustic, and sometimes 
proves injurious. 

The limits of this volume prevent my enlarging upon these topics, 
which are full of interest, and demand a separate work for their illustra- 
tion. Such a work Sir H. Davy published several years ago, but the 
general progress of the science, since that time, has been such as mate- 
rially to affect all its collateral branches; and the views and doctrines 
that were then plausible, now require revision and modification. The 
most recent work in which these matters are discussed at length is the 
Introduction to Liesia’s T'raité de Chimie Organique. 

Having now noticed a few of the leading facts connected with the 
structure and growth of plants, which bear upon their chemical physiology, 
I shall proceed to the methods of analysis applicable to the discovery of 
their ultimate elements, and to the proportions in which they are combined 
in their proximate or immediate principles. 


§ IL Or rar Composirion anp ANALYsIs OF VEGETABLE SUBSTANCES, 
AND OF THEIR ULTIMATE Princrexes. 


Atuouan the ultimate principles of vegetable substances are few in 
number, yet by being combined in various proportions, they give rise to a 
series of compounds materially differing from each other, and which are 
called their proximate components. It has just been stated that carbon, - 
hydrogen, oxygen, and nitrogen, are the principal ultimate components 
of vegetables; in some there are traces of sulphur; and in their 
sap or juices we find small proportions of potassa and of lime, and 
sometimes of soda and of magnesia: these bodies are combined with 
acids, and are chiefly obtained by burning or incineration. It has already 
been said that some plants contain silica; sulphate of lime is found in 
clover; nitrate of potassa in the sap of the sun-flower; and nitrate of soda 
in barley. Common salt, and some other chlorides, are frequent ingre- 
dients in marine plants; phosphate of lime is found in oats and some 
other seeds; and nearly all vegetables yield traces of oxide of iron, and 
many of oxide of manganese. In Saussurn’s Chemical Researches on 
Vegetation, and in Tuomson’s System of Chemistry, are copious tables, 
showing the earthy and saline constituents of vegetables. _ 

But the elements with which we shall almost exclusively have to deal, 
in our examination of vegetable products, are the four first, and the 
number, and the varied characters, of the compounds to which they give 
rise under the influence of organization, is certainly most extraordinary; 
of this diversity, some of the causes will become apparent as we proceed; 
others have not only repulsed all attempts at explanation, but even baffle 
our most unlimited conjectures. 

There is another leading distinction between organic and inorganic 
compounds, which is, that in the later the elements are generally united 
in binary arrangements; thus, crystallized sulphate of soda is composed of 
‘sulphuric acid, soda, and. water, which are binary compounds of sulphur 
and oxygen, sodium and oxygen, and hydrogen and oxygen, &c.: but 
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organic products are lernary or quaternary combinations, which we can 


scarcely ever imitate by artificial processes ; and in the formation of which 
a greater number of simple atoms are usually concerned: sulphuric acid, 
for instance, is a compound of 1 atom of sulphur, and 3 of oxygen; but 
tartaric acid consists of 4 atoms of carbon, 2 of hydrogen, and 5 of 
oxygen; hence, in organic compounds, the proximate atoms are heavier, 
or the equivalents larger, and the saturating powers less, than in inorganic 
combinations: there are, however, some instances of binary organic 
compounds; caoutchoue, and some oils, are composed only of carbon and 
hydrogen; but then there is this distinction, that they do not consist of 
one atom of the one element united to one or more of the other, but 
several atoms of each element are combined; and in most cases, no simple 
relation between them can be observed. 

No peculiarity of organic combination is more remarkable than the 
extreme difference between substances constituted of similar elements; 
sugar, gum, &c., consist of carbon, hydrogen, and oxygen; but those 
substances have neither the characters of acids or bases; acetic, succinic, 
citric, and formic acids also consist of the same elements, but in different 
proportions or differently congregated. Oxalic acid presents a striking 
peculiarity; it is composed of carbon and oxygen only, and contains less 
oxygen than carbonic acid, and yet 1s one of the most powerful acids; 
it is either a direct product of organization, or obtained indirectly from 
other organized compounds. 

If, therefore, we endeavour to combine the elements of organic bodies 
by artificial operations, they show a tendency to pass into binary, and 
not into ternary or quaternary compounds; and even in the living body, 
products that have already been organized, appear essential to the forma- 
tion of new ones; thus, vegetable life is in a great measure supported by 
‘the decay of former vegetables; and graminivorous and carnivorous 
animals require vegetable and animal substances for their sustenance; for 
although it be true that carbon, hydrogen, oxygen, and nitrogen, are the 
ultimate elements of our food, we should soon starve upon charcoal, and 
water, and nitrogen, or upon any of their compounds which had not 
already gone through the process of organization. 


As, therefore, we cannot so combine the insulated inorganic elements — 


as to imitate the products of organization, we are deprived, in our researches 


upon these forms of matter, of the aid of synthetic proof, in the ordinary” 


acceptation, at least, of that term; and in determining the nature and 


the relative proportions of the elements of organic compounds, we are — 


limited to analytic operations ; and eyen in them (as we shall presently 
find) numerous difficulties occur, especially affecting the determination of 


the integral atomic weights of the compounds, and the theory of their 


elementary arrangements. 

The first attempts at the analysis of vegetable substances, consisted in 
subjecting them to destructive distillation, and this method was greatly 
extended and improved by Hales, Priestley, and the earlier pneumatic 
chemists, who paid especial attention to the gaseous products of such 
operations, which, together with aqueous and oily liquids, and a residue 
of carbon, constitute the results of the process; hence the conclusion of 
the older chemists, that air, oil, water, and earth, including under that 
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name the carbonaceous residue (or caput mortuum, as they called it), were 
the universal elements of organic bodies. It is, however, evident that 
most of these are secondary results, that they are products of the opera- 
tion; and accordingly their composition and relative proportions are liable 
to infinite variation, dependent upon the manner in which the distillation 
has been effected. In modern analysis, therefore, this method is rejected ; 
or at least only adopted where some specific product is to be examined, 
or where some general inference is to be drawn from the nature or pro- 
portions of the newly-produced compounds: ammonia, for instance, denotes 
the presence of nitrogen; a large quantity of oid announces excess of 
hydrogen; and of acid excess of oxygen; the uncondensed gases, and the 
residuary carbon may also be examined. 

The following is a form of apparatus in which these operations may 
be carried on:~- 
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a isa luted glass or earthen retort, containing the substance to be 
decomposed, and placed in a sand-heat 6, which is gradually raised to a 
red heat. It is connected by the adapter c with the receiver d, which is 
kept cool for the condensation of the liquid products; the gases pass into 
the bell-glass f standing over water or mercury. ¢ is a lube of safety, to 
allow for sudden expansion or contraction; there being in its lower part 
a small quantity of mercury which is occasionally elevated or depressed. 
The joints are secured by strips of bladder. 

If we again refer to the nature of the ultimate elements of organic 
bodies, it is obvious that combustion in oxygen will enable us to deter- 
mine their relative proportions. To take the simplest instance, let us 
suppose the subject of analysis to consist of carbon and hydrogen only ; 
in that case the products of its entire and perfect combustion in excess of 
oxygen would be carbonic acid and water; the quantity of carbonic acid 

being determined, that of the carbon which had formed it might be 
inferred; and this ascertained, and compared with the original weight of 
the substance, would give the proportion of hydrogen: thus, supposing 7 
grains of the substance under examination yielded, by combustion in 
oxygen, 22 grains of carbonic acid, it would have consisted of 6 carbon-+ 
1 hydrogen; for 22 carbonic acid (consisting of 6 carbon + 16 oxygen) 
are equivalent to 6 carbon. If the subject of analysis were a compound 
of carbon, hydrogen, and oxygen, it might be expedient to determine the 
weight of the produced water, with a view of arriving at that of the 
hydrogen, Let us suppose 15 grains of a compound of carbon, hydrogen, 


~~ 


Bt ond 


1056 ORGANIC ANALYSIS. 


and oxygen, to afford 22 grains of carbonic acid, and 9 of water; then 
wve should again have 6 of carbon, and 1 of hydrogen, (for 9 water = 1 
hydrogen and 8 oxygen,) and there would be a deficiency of 8 grains, 
(required to make up the original 15,) which would be the inferred weight 
of the oxygen. When nitrogen is present, its quantitative determination 
requires precautions to which I shall presently advert. So far, therefore, 
the mere ¢heory of these ultimate analyses by combustion, is sufficiently 
simple, but the difficulties of mantpulation are numerous and considerable ; 
they relate, first, to the mode of effecting the entire combustion of the 
organic compound, and secondly, to the accurate collection and quanti- 
tative determination of the products of combustion*. 

Gay Lussac and Thenard (Recherches Physico-Chimiques, tom ii.) 
were the first who endeavoured to meet these difficulties, and to furnish 
accurate analyses, upon the principles just stated. The method of effect- 
ing the combustion of an organic product in oxygen, which they originally 
adopted, consisted in forming a given weight of it into one or more 
pellets, with a requisite proportion of chlorate of potassa, and then 
subjecting it to a red heat. An account of their process is given in 
Turnarp’s TJ'raité de Chimie, with the following arrangement. and 
description of the apparatus. A hole is made through a brick 1, and 
the glass tube Aa‘ is 
DECOD" | 283 passed through it as 

Me far as to the small 
lateral tube BB’, which 
passes into the mer- 
curial trough. ‘The 
lower extremity of the 
tube rests upon the 
grate G, where it is to 
be heated, red-hot by — 
charcoal inflamed by | 
the lamp u. A brass 
cock is fitted, by grind- — 
- ing, to the tube cc. 
—~ Ithasa solid plug pp’, — 
in which is a cavity large enough to contain one of the balls to be 
analyzed, and which is introduced at the opening E. The plug is then 
turned round, and the ball falls into the red-hot part of the tube, where it — 
burns, the gases passing into the mercurial apparatus. FF is a basin, into — 
Which ice may be introduced to keep the metallic parts of the apparatus 
cool, tis convenient to case the lower part of the tube A in iron, as it 
«5 sometimes blown out at that part by the expansion within. a 

I shall not advert to the further proceedings with this apparatus, 

because it is rarely used. The chlorate of potassa is objectionable, 


* T have not space here to go into the | analyses that I shall afterwards have to _ 
many details connected with this diff- refer to, and may render the data upon 
cult subject, which, indeed, can only be which they are founded intelligible. The 
learned in the laboratory: my object is | fifth volume of Du mas’ Chimie appliquée 
to give the reader such an outline of the | au# Aris, may be profitably consulted for 
proceedings as may prevent the necessity | more minute particulars; as also, the 
of recurving to them in the individual | authors to which I refer in the text, — 
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_ because, except in particular cases, perfect combustion cannot be ensured 
by it; that is, the evolved gas is too suddenly generated, and is never 
perfectly inodorous, and in these analyses there should not be the smallest 
residuary vestige of the organic product appreciable by the empyreumatic 
smell of the produced carbonic acid or aqueous vapour. 

To avoid the imperfections of this method, Gay Lussac suggested the 
employment of oxide of copper as a source of oxygen for the combustion, 
and it has the advantage of resisting decomposition when heated alone, 
whilst it readily yields oxygen to carbon and hydrogen, at high tempera- 
tures; so that by weighing it before and after the analysis, the quantity 
of oxygen imparted to the combustible may, if requisite, be determined. 
The analysis, therefore, as now practised, consists in mixing the organic 
matter in due proportion with oxide of copper, and so subjecting it to 
combustion, that the carbon may be entirely converted into carbonic acid, 
and the hydrogen into water. When nitrogen is present it is collected 
in the state of gas, and the proportion of oxygen is estimated by the 
deficiency in the joint weights of the carbon, hydrogen, and nitrogen, as 
compared with the original weight of the portion of the organic product 
subjected to analysis. 4 

The oxide of copper is best obtained by heating copper-shavings to 

redness, exposed to air, and then bruising them in a mortar, by which the 
oxide is separated, and may be sifted off; or the plates may be succes- 
sively quenched in water, when the scales of oxide fall of, and may be 
dried, powdered, and heated to redness. The oxide derived from the 
ignition of nitrate of copper is sometimes preferable, as being finer and . 
lighter than the preceding; as these oxides are hygrometric, they should » 
be kept in stopper-phials, and used warm, with as little exposure to air 
as possible. . 

The tubes used in these analyses should be of green glass, and 
generally about three-tenths of an inch in diameter, and from 15 to 18 | 
inches in length, sealed, and either drawn into a point, or rounded at the 
sealed end: the open extremity should be smoothed by fusion so as to 
receive a cork without danger of cracking; and it is generally proper to 
protect the tube, by rolling a strip of thick copper-leaf spirally round it, 
tied at each end by a piece of wire. It may he heated either by means 
of Cooper's lamp-furnace, (Quart. Jour., xvii. 22,) or over charcoal, 
in a temporary arrangement of a grate and fire-bricks, (Farapay’s 
Manipul.,) but ail these arrangements must be left to the management 
of the operator, and require varying according to circumstances, only 
care must be taken that they are such as to enable us to heat successive 
portions of the tube at one time, and at another to give its whole length 
a red heat. (Dumas, v.) The whole of this process will essentially vary 
in its details according to the peculiarities of the product under exami- 
nation, which, if liquid, requires also further modifications of the appa- 
ratus: for these I must refer to the details given by Dumas, and toa 
paper upon the subject by Liebig, in the 2st volume of PoaGEnporrr’s 
Annalen. If solid, 3 or 4 grains of it, accurately weighed, and dried 
at 212° in vacuo over sulphuric acid, (see the means of effecting this 
described by Dr. Prout, Ann. of Phil., vi. 272,) are mixed with about 
200 grains of the oxide of copper, and introduced into the analyzing 
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tube, into the end of which is previously placed about half an inch in 
length of small copper shavings superficially oxidized; these shavings 2 
should also occupy about two inches of the tube above, or, as it lies 
horizontally, before the organic mixture, the object being to keep the 
whole contents of the tube in a loose or porous condition, so that the 
} gaseous products may 
escape from it without 
, impediment. Perhaps 
theannexed sketch may 
_ render thisarrangement 
more intelligible, in which a represents the sealed end containing oxidized 
copper-turnings, or fragments of the oxide; 6, the intimate mixture of the 
oxide with the organic substance, and c, the remaining portion of the tube | 
containing turnings, or scales of oxide. In this case, the portion c is first 
heated to redness, and the heat is then gradually extended through 6 
towards a, in such a manner, that all the products may have to traverse 
the heated oxide, for perfect and entire destruction of the matter sub- 
jected to experiment is the essential part of the process. Let us now 
suppose that the organic substance under examination 1s a ternary com- 
pound of hydrogen, carbon, and oxygen; it is obvious that the products 
will be water and carbonic acid: to ascertain the weight of the former, 
and thence the weight of the hydrogen required to form it, the products, 
as they escape from d, may be carried through a tube containing fragments 
of fused chloride of calcium, and accurately weighed; by this, the vapour of 
water will be absorbed, and the increase in the weight of the tube and its 
contents, will indicate its quantity: every 9 grains of increase are equi-_ 
valent to 1 grain of hydrogen. In the following cut (fig. 285), d represents 
ees the end of the me 
_@ LBAMIGHES . osing tube (fig. 28 
EEN GSS: to which 1S me: ff 
| . chloride of calcium tube 
e, from which issues the smaller tube f; the junction at d is made air- 
tight by perforated cork. The weight of the produced carbonic acid may 
be learned in two ways; either 
by collecting it in its gaseous 
state, and determining its bulk, 
and thence deducing its weight 
and that of the carbon which. 
it contains; or by condensing 
it into a weighed solution of 
caustic potassa, and deter- 
mining its quantity directly, 
by the increase of weight sus- 
tained by the solution. In 
the former case, the tube at f 
(fig. 286), is connected by the 
caoutchoue joint g, with the 
bent-tube 4, the extremity of 
which terminates in the in- 
verted graduated jar 7, filled 
with mercury. 
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In the latter case, the carbonic acid gas may be conducted from the 
extremity of the chloride of calcium tube f into the apparatus represented 
in the annexed cut (fig. 287), which is a glass tube blown into several 
~ thin bulbular enlargements, and containing a solution of caustic potassa. 


In fig. 288, this condenser is shown connected with the chloride of 
calcium tube jf, by short lengths of caoutchouc piping, and having another 
tube /, containing fragments of fused potassa, attached in the same way 
to its ee extremity. This latter tube is only required where nitr ogen 
is to be collected, and even then, as I shall presently state, may be 
dispensed with*, : 

It will now, I think, be obvious, that after the abstraction of the 
mater, in the chloride of calcium tube, the carbonic acid will pass on into 
the solution of caustic potassa, through which, by properly inclining the 
_ apparatus, it may be made to pass in divided bubbles, and under some 
pressure, so as to ensure its total absorption. When the experiment is 
completed, the apparatus is allowed to cool, and in order to prevent any 
portion of the alkaline solution retrograding into the chloride tube, the- 
fip of the analyzing-tube near a (fig. 284), is broken off, and any 
residuary carbonic acid may then be drawn into the alkaline solution: by 
applying gentle suction at the end of the tube & (fig. 288). The weight 
of the evolved carbonic acid is determined by accurately weighing the 
condenser with its alkaline solution, before and after the experiment. 
~ When ni/rogen is a component of the organic matter under examina- 
tion, the mixture with oxide of copper is made as usual, but the contents 
of the fore-part of the analyzing-tube c (fig. 284), must now consist 
of a mixture of shavings or filings of metallic copper with the oxide, and 
great care must be taken slowly to conduct the evolved gases through 
this mixture, rather highly heated, in order to effect the complete evolu- 
tion of the nitrogen, and to decompose the various compounds which that — 
‘substance might possibly form with the oxygen, carbon, or hydrogen. 
The nitrogen then escapes through the tube f, (containitie fragments of 
‘caustic potassa, or of chloride of calcium, to deprive it of humidity,) and 
must be collected over mercury by connecting the end of that tube with 
the apparatus g, h, 2, (fig. 286.) It is, however, in general, better, in 
“eases where the analysis is complicated by the presence of nitrogen, to 
‘make a separate experiment for the determination of its quantity: 


a 
_ * This useful apparatus is the contrivance of Justus Liebig. (Pogg. Ann., ie, 
- 4A2 
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that case, the evolved gases, (carbonic acid and nitrogen,) may be 
collected in the mercurial apparatus, and the carbonic acid abstracted by 


a few fragments of fused hydrate of potassa, when the nitrogen will 


remain, and its weight may then be inferred from the accurate determi- 
nation of its bulk. 

There are some useful remarks on organic analysis in a paper by 
Persoz (Ann. de Ch. et Ph., txxv. 6), who. employs sulphate of mercury 
as a substitute for oxide of copper in the combustion-tube. 


a 


| 
| 


My object in the preceding details, has been to render the principles — 


of the ultimate analysis of organic products intelligible to the student; 


the manipulations, in all their details, scarcely admit of useful description, 


and can only be learned by practice; and the beginner will, I think, do 


well to make each element the object of a separate experiment; I mean, — 


to employ one portion of the matter under examination for the deter- 
mination of the quantity of water formed, or of the elementary hydrogen; 
another for the determination of the quantity of carbonic acid formed, 
or of the elementary carbon; and another for the nitrogen. ‘The 
most experienced and dexterous chemist will also require repetitions 
of his analyses; and in undertaking these, he will do well to follow the 


recommendation of Dumas, who advises that these experiments should — 


be made upon each substance in increasing quantities; one, for instance, 
upon éwo, one upon four, and one upon six grains; or in some such 
proportions. 

I shall conclude these observations upon the ultimate analysis of 
organic products, with the following abstract from Dr. Prout’s paper 
upon this subject, (Phil. Trans., 1827,) which will elucidate some of the 
points that may appear obscure in the preceding paragraphs, and further 
explain some manipulatory details. Dr. Prout’s object was, effectually to 
burn the organic substance in oxygen gas; in which case, supposing 
it to contain three elements, hydrogen, carbon, and oxygen, one of three 
things happens. 1. The original bulk of the oxygen gas remains the 


same, in which case the hydrogen and oxygen in the substance exist inttin 


the same proportions in which they exist in water; or, 2. The original bulk 
of the oxygen is increased, in which case the oxygen exists in the substance 
in a greater proportion than it exists in water; or, 3. The original bulk 
of the oxygen is diminished, in which case the hydrogen predominates. 

Hence, in the first of these cases, the composition of a substance may 
be determined by ascertaining the quantity of carbonic acid gas yielded 
by a known quantity of it; while in the other two, the same can be readily 
ascertained by the same data, and by noting the excess or diminution of 
the original bulk of the oxygen. | 

Fig. 289, represents a front view of Dr. Prout’s apparatus, for the 


determination of these points. AB is a platform, two feet square, sur- 


rounded by a ledge for preserving any mercury that may fall about, and 
furnished with four adjusting screws (of two of which, c ¢ are sectional 
views). Into this platform are fixed perpendicularly four pillars, Dx, 
DB, about four feet and a half high, supporting another small platform, 
F F, about four inches wide, and which may be fixed or removed at pleasure’ 
by the brass pins, ab, ab. 11 are glass tubes, graduated to hundredths of a 
cubic inch, and cemented at bottom into semicircular iron tubes enclosed in 


the blocks x x (as repre- 
sented by the dotted lines). 
These iron tubes project a 
little below the wood at the 
lower part, where they are 
furnished with iron stop- 
cocks, ss, for drawing off 
the mercury when it may 
be necessary. Into the 
other end of these semi- 
circular tubes are likewise 
cemented the glass tubes, 
LL (of smaller dimensions, 
and a little longer than the 
tubes 11), and forming 
with them, when taken 
together, inverted siphons. 
The smaller tubes, LL, are 
surmounted by funnels, 
RR, furnished with stop- 
cocks, the object of which 

is to permit the mercury 

to flow into them with any 

velocity that may be re- 

quired. On the tops of 
the larger tubes, 11, are 
cemented the vertical stop- 

cocks, mM, of which fig. 

290 is a sectional view on 

a larger scale, and which 

renders the construction so 

obvious, that perhaps no 


further remark is neces- © 


sary, than merely stating 
that the cup a is filled with 
oil, and that the plug 4, 
which is square at the 
“Upper part, and adapted to 
a key, is furnished with a 
ee on which the 
} _ Serew-cap, ¢, rests, and by 
eans of which it may be 

q “tightened at pleasure*. 
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7 * The siphons are fixed together in-| contain‘as much as 20 cubic inches of . 
‘dependently of the general frame-work, | gas. It much facilitates the process of 
Band may be removed at pleasure by determining the" exact quantity of gas 


"taking out the ‘pins cd, cd, and ef, ef. 
This admits of their being replaced by | legs of the siphon graduated, which may 


contained in the apparatus, to have both 


others of different sizes. Those of a | be easily done go as to obviate the effects 
larger size have balls near the top, as | of capillary attraction when the tubes 
. Tepresented by the dotted lines, and may | are not both of the same calibre. 
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_ On the platform, r F (fig. 289), is a thin piece of wood, Nn, capable of i 
being raised or depressed by the screws, 00; on this the lamp, q, is — 
placed, at any distance that may be required from the tube p. Fig. 291 _ 
is an enlarged view of this lamp; it consists of two reservoirs, de, for 
holding the spirit, connected together by means of the tube, f, into which 
are placed, at the distance from one another of about 4 of an inch, a 
number of vertical burners, g g, about one-twelfth of an inch in diameter, _ 
and ? of an inch long, and made as thin as possible, with the view of 
preventing the conduction of the heat. These burners are each furnished | 
with a few threads of cotton, and are bent a little alternately like the — 
teeth of a saw, in order that their flame may envelop the tube P (fig. 289) 


Ra 
seein 


A Mh en : 
| a 


more completely: 4 is a cover for the wick of the lamp when not in use. — 

The tube p (fig. 289) is of green or bottle glass, moderately stout, and 
about one-fifth of an inch internal 
diameter. It is fixed between the 
horizontal parts of the vertical cocks, 
MM, so as to be perfectly air-tight; 
and when required, the whole, or any 
part of it, may be heated by means 
of the lamp, @, at the pleasure of 

the operator. 

When the apparatus is to be em- 

- ployed, both the siphon-gasometers, 
IL, IL, are to be filled with quicksil- 
ver, and a small green-glass retort, — 
containing the requisite quantity of 
chlorate of potassa (previously heated 
so as to expel the common air, and 
fill it with oxygen) is to be attached — 
to one of the cocks, as represented in 
fig. 292, by means of a caoutchouc 
tube. Heat is then to be applied, 
and any quantity of oxygen gas that 
may be required, introduced into the 
tube 1. After the whole has ac- 
quired the temperature of the atmo- _ 

sphere, the exact quantity of the gas is to be accurately noticed, as well 

as the state of the barometer and thermometer at the time. The tube P, 
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containing the substance to be analyzed, is then to be firmly fixed between 
the cocks, mm*, and subjected to heat, during which the oxygen gas is to 
be transferred from one siphon to another, through the red-hot tube, with 
any velocity that may be required, and which may be regulated by means 
of one of the stop-cocks of the funnels, RR, and the stop-cock, s, of the 
opposite siphon. 

Such is a general view of the apparatus, and the principles of its opera- 
tion; but perhaps a few practical remarks on some of the circumstances 
to be attended to during its employment, may not be deemed superfluous. 

The substance to be analyzed ce 293 
may be placed in a small tray of a: 
platinum-foil, and introduced alone ‘ 
into the tube p, and gradually sub- 
mitted to the action of heat and 
oxygen gas; but this does not an- 
swer well with organic compounds, 
as a portion of them is apt to escape 
combustion. Another method is, 
to mix the substance with pure 
siliceous sand, and to retain the 


TST 
\ 


Foret 
I 


TE 


mixture in the centre of the tube =. 

by means of asbestos. But this | a] 
method often fails, except there be SS 
about an inch of the oxide of copper SS SS 


| 


at each end of the tube, which must 
be kept red-hot during the experi- 
ment, and in this case it succeeds 
completely with many substances. 
Another method, and that which 
the most generally succeeds, is to 
mix the substance with oxide of 
copper, to heat these together in 
the tube, in the first place, and 
afterwards to open the other stop- 
cock and send the oxygen gas 
_ through the ignited and partially 
_ reduced oxide, by means of which 
it again becomes peroxidized; and any portion of the substance that had 
escaped complete combustion in the first part of the experiment, is now 
completely burnt. This last method is also that employed when it is 
required to determine the quantity of carbonic acid gas yielded bya given 
quantity of any substance; only in this case, of course, oxygen gas is not 
required, and the contents of the tube p must be taken out and well 
triturated, and subjected to heat a second time. If it should be required 
to Belz the gas formed, one method of removing it from the tube, 1, 


t 
i 


| 


* T have tried various modes of con- | very tightly with fine dry twine. The 
necting the tube so as to ensure its being | twine is then to be moistened also, and 
air-tight. Caoutchouc answers very | the whole kept in this state till the end 
well; but the best substance are slips | of the experiment, 
of thin moistened hog’s bladder, tied on 


~ 
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is represented at fig. 293; and others will readily occur to the practical 
chemist. 

The following are some of the advantages of this apparatus and mode 
of analyzing organic compounds. In the first and chief place, there is 
nothing to be apprehended from moisture. Whether the substance to be 
analyzed be naturally a hydrate, or in whatever state it may be with 
respect to water, the results will not be affected; and the great problem, 
whether the hydrogen and oxygen exist in the substance in the propor- 
tions in which they form water, or whether the hydrogen or. oxygen 
predominates, will be equally satisfactorily solved, and that (of course 
within certain limits), independently of the weight of the substance operated 
on*. When, however, it is the object to ascertain the quantities of car- 
bonic acid gas and water yielded by a substance, it is, of course, necessary — 
to operate on a known weight; but this being once determined, there is 
no fear, as in the common methods, of exposing the substance to the 
atmosphere as long as may be necessary. The hygrometric properties of 
the oxide of copper, as well as its property of condensing air, are also 
completely neutralized, for the whole, at the end of the experiment, being 
left precisely in the same state as it was at the commencement, the same 
condensation of course must take place, and any little differences that 
may exist are rendered quite unimportant from the bulk of oxygen gas 
operated on, which of course should, in all instances, be considerably 
greater than that of the carbonic acid gas formed. Another advantage of 
this method is, that perfect combustion is ensured by it. There is also 
no trouble of collecting or estimating the quantity of water, a part of the 
common process attended with much trouble, and liable to innumerable 
accidental errors, besides those already mentioned, and which there is no 
method of obviating or appreciating; here, on the contrary, the results 
are obtained in an obvious and permanent form, and from the ease with 
which they are thus verified, comparatively very little subject to error. 

The form and principles of this apparatus render it well adapted for 
many other chemical operations besides the analysis of organized sub- 
stances. Such, for example, as the reduction of oxides by hydrogen, and 
a variety of others that will readily occur to the practical chemist. 


In the course of the following pages, many instances will occur of — 
the different modes of expressing the ultimate composition of organic 
bodies, depending, as the following examples will show, upon the parti- - 
cular view which may be taken of the secondary combinations of the 
elementary principles. 

__ It is customary with many chemists to represent the oxygen and 
“hydrégen in certain vegetable substances, by the term water, and hence, 
where these elements are in the ratio to each other of 8 to 1, and in 
union with carbon only, the expression hydrate of carbon, is sometimes 
applied to the compound. In the following table, which contains the 
results of the ultimate analyses of several organic compounds, by Gay 
Lussac and Thenard, the meaning of this expression will be evident, and 

* It is to be observed that, throughout { the errors from this cause are thus ren- 


the experiments, great care is taken that | dered definite, and are easily corrected 
the gases are saturated with moisture; by tables calculated for the purpose. 
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also of the terms, excess of hydrogen, and excess of oxygen, as applied 
to such ternary compounds, in which, as will be observed, nitrogen is not 
present. 


Or supposing the Oxygen and 
Hydrogen to be in the 


ee Carbon. Oxygen. | Hydrogen. Bake of He sit 
Carbon. ‘Water. ene 
Oxygen. 
Bugar i, alist 0 te 42°47 50°63 6:90 42°47 57°53 0 
Gum Arabic. . 42°23 50°84 6:93 42°23 57°77 0 
PO ee lh 4a OO 49°68 6°77 43°55 56°45 0 
Sugar of milk . 38°825 | 53°834 7341 38°825 | 61°175 0 
Lignin of oak . . | 52°53 41°78 5°69 52°52 AT°47 0 
- beech . 51°45 42°73 5°82 51°45 48°55 0 
Mucous acid . .| 33°69 62°67 3°62 36°69 30°16 36°15 
Oxalic acid . . 26°57 70°69 2°74 3a Of 22°87 50°56 
Tartaric acid . . | 24:05 68°32 6°63 24°05 55°24 20°71 
Citric acid =... 33°81 59°86 6°33 33°81 82°75 13°44 
Aceticacid .. 50°22 44°15. | 5°63 50°22 | 46°91 2°87 
Hydrogen 
in excess. 
Resin (of turpent.) | 75°94 13°34 10°72 75°94 15°16 8°90 
Gopal) i .s .. 76°81 10°61 12°58 76°81 12°05 11-14 
ee ee oe, ts B19 5°54 12°67 81°79 6°30 11°91 
Oliveol ... . 77°21 9°43 13°36 | 77:21 10°71 12°08 


meee TC coun o aeicneen cern 


They consider it demonstrated, in reference to these experiments, 
ist. That a vegetable substance is acid, when the oxygen which it con- 
tains is, to the hydrogen, in a proportion greater than is necessary to form 
water; or where there is excess of oxygen. 2nd. That a vegetable sub- 
stance is resinous, oily, or alcoholic, where the oxygen is to the hydrogen 
in a less proportion than in water, or where there is excess of hydrogen; 
and, 3rd. That a vegetable substance is neither acid nor resinous, but 
saccharine, mucilaginous, &c., where the oxygen and hydrogen are in the 
same relative proportion as in water, or where there is xo excess of either. 

To the correctness of these results, there are, however, exceptions, 


‘some of which have been pointed out by Saussure (THomson’s Annals, 


vol. vi.), and by Daniell (Journal of Science and Arts, vi. 326); but we 
shall have again to refer to other analyses of the above important pro- 
ducts. The vegetable principles, also, which include nitrogen, and among 
which are the vegeto-alkaloids, are not contained in the above table, so 


that, admitting the general principle of classification, it may be modified 


as follows, in reference to vegetable proximate principles :— 

J. Triple compounds of carbon, hydrogen, and oxygen, in which the 
hydrogen and oxygen bear to each other the same relative proportion as 
in water, and which therefore are represented by (C@7 +). 

2. Similar triple compounds, in which there is excess of hydrogen; 
or (car+ +h). . 

3. Similar triple compounds, in which there is excess of oxygen; or 
(Car+q+0). © : 


= 
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4. Quadruple compounds of the above elements, with the addition of 
nitrogen, and represented by (CA + h+o +7). 


5. There are also some important organic products belonging to the 
class of hydrocarbons, which will require much of our attention, and 
some of which, together with their general distinctive characters, have 
been already adverted to in the section on Carbon. Although, therefore, 
it will be necessary often to digress from the arrangement of the vegetable 
proximate principles suggested by the above considerations, it may be 
resorted to as furnishing a general standard of reference. 

But, the mere determination of the relative proportions of the 
ultimate elements of these proximate principles, is not the only difficulty 
which this branch of the science presents: they must be viewed in 


reference to the Atomic Theory, in such a way, as to ascertain what 


number of elementary atoms are probably contained in what may be 
termed the proximate atom. Let us, for instance, suppose the case of 
tartaric acid: it contains per cent. 36 carbon, 3 hydrcgen, 61 oxygen, 
and is therefore represented in general terms by (Cd7+9+0), but how 
can its ultimate atomic composition be made to tally with its proaimate 
equivalent? The proximate equivalent of anhydrous tartaric acid, 
deduced from the weight of it which saturates salifiable bases, is 66; if 
now, in reference to this equivalent, we consider it as constituted of 4 
atoms of carbon, 2 of hydrogen, and 5 of oxygen, we shall obtain 
numbers closely corresponding with the experimental results; and which, 
therefore, we may presume to be the correct composition of its proxi- 
mate atom. Again, in reference to cilric acid: analysis gives us its 
component parts per cent. as 41°38 carbon, 3-45 hydrogen, 55°17 
oxygen, and these relative proportions may be atomically represented 
by 2 atoms of carbon, ] of hydrogen, and 2 of oxygen, which give the 
proximate equivalent 29. But then, one atom of any salifiable base, 
oxide of lead for instance, is neutralized, not by 29, but by 58 of citric 
acid; we therefore assume its elementary composition to be 4 carbon, 2 
hydrogen, and 4 oxygen = 58, which number coincides with its proxi- 
mate equivalent, or combining proportion. 

There is another very important but difficult consideration, arising 
out of these views of the ultimate composition of the organic proximate 
principles, which relates to the different views which may be taken of 
the manner in which the ultimate elements are arranged, or of the state 
in which they exist, in the original substance, before its decomposition, 
These views materially affect the perspicuity of our arrangements, as the 
following instance will serve to show. . Ether and alcohol are, like the 


acids just alluded to, compounds of carbon, hydrogen, and oxygen, but 


only in different proportions: ether is constituted per cent. of 64°87 car- 
Lon, 13°51 hydrogen, 21-62 oxygen. Alcohol consists of 52°18 carbon, 
13°04 hydrogen, 34°78 oxygen; now the relative bearings of these num- 
bers are such, as admit of ether being regarded as a compound of 4 atoms 
of carbon, 5 of hydrogen, and 1 of oxygen; and alcohol of 2 atoms of 
carbon, 3 of hydrogen, and 1 of oxygen. But here, the carbon and 
Lydrogen, and the oxygen and hydrogen, are to each other in such pro- 
portions as to admit of our considering ether as a compound of 2 atoms 
cf bihydrocarbon (or olefiant gas), and 1 atom of water; and alcohol as 


—— 
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a compound of 1 atom of bihydrocarbon, and 1 of water;, hence we 
have 
Ether = 2(2h+2 Car) + 9 = dihydrate of bihydrocarbon. 
Alcohol = (2h+2car)+ G = hydrate of bihydrocarbon. 


But there is another way of viewing the composition of these bodies, 
which consists in regarding quadrihydrocarbon, and not bihydrocarbon, 
as the form of hydrocarbon present in them, and then ether would be a 
compound of | atom of quadrihydrocarbon and 1 of water; and alcohol, 
a compound of 1 atom of quadrihydrocarbon and 2 of water. Or, 


Ether = (4h+ scar)+ G = hydrate of quadrihydrocarbon, 
Alcohol = (4h +4 Car) +2 q = bihydrate of quadrihydrocarbon. 


A third view of the atomic nature of alcohol and ether is this; a 
hydrocarbon distinct from any of those already described, and composed 
of 5 atoms of hydrogen + 4 of carbon, (the Ethule of Berzelius,) is the 
basis of ether and of alcohol: ether is an oxide of such hydrocarbon, and 
alcohol a hydrated oxide. Or, 


Ether = (5 h+s car) +0 = oxide of ethule. 
Aleohol = (5 h+s car + 0) +4 = hydrate of ether. 


I might go on to show other theoretic views which may be taken of 
the atomic constitution of ether and alcohol, and also to apply the same 
mode of reasoning to the probable proximate arrangements of the ultimate 
elements in a variety of other organic compounds; I have selected the 
above as sufficient to point the student's attention to the importance of 
the subject, and as instances to which I shall afterwards have occasion to 
refer: the present state of organic chemistry does not admit of many such 
generalizations; such as may be safely adopted, I shall afterwards detail; 
many are too hypothetical to come within our limits; but the whole 
subject is of extreme interest, as promising to simplify the apparent con-~ 
fusion and complexity that prevail in reference to the relative proportions 
of the ultimate elements of organic products, and to enable us to group, 
or combine them under secondary forms, in many instances analogous to 
the binary arrangements of inorganic (nature; and to apply to them an 
equally perspicuous nomenclature. | | 

It is obvious, that by adopting any of the above definitions of ether 
and of alcohol, we acquire considerable facility in discussing their com- 
binations, and mutual conversion into each other, and that the terms 
hydrate and binhydrate of quadrihydrocarbon, imply much more than 
the mere per centage statements of the elements: to illustrate this by 
a parallel case from inorganic chemistry; suppose a compound the 
ultimate elements of which are stated to be, per cent., 15°35 carbon, 
41:05 oxygen, 7°75 hydrogen, 35°85 nitrogen; this statement will be - 
found conipatible with, 1 atom of carbon, 2 of oxygen, 3 of hydrogen, 
and 1 of nitrogen; but how much is this statemeut simplified, and how 
different its meaning, by so grouping the carbon and the oxygen as 
to represent carbonic acid, and the nitrogen and hydrogen to represent 
ammonia; the whole producing carbonate of ammonia, or, 
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Carbon 1 « (6 oof. 38 on é 
Oxygen 9 ag ete ies Carbonicacid 1 . . 22. . 564 
ydrogen 3 PI nip ey le he . : 
Nitrepen “4a? 24 35-90} A RUETEA) 3 90E1 3 3 kd 
1 39 100°00 1 39 100°0 


I shall have to adduce many similar instances derived from organic 
analyses,. amply supported by experiment and analogy; and, as already 
remarked, importantly elucidating and simplifying these complicated 
researches. 

I now proceed to an enumeration of the principal proximate elements, 
or immediate principles, of the vegetable kingdom; to the methods of 
separating them from each other, and of obtaining them in their insulated 


states; to {an examination of their properties and uses; and to such ~ 


views of their ultimate constitution as are founded upon researches 
carried on in reference to the preceding details. I cannot adhere strictly 
to the systematic arrangement above proposed, but it will constitute the 
foundation of the order in which they are enumerated. The immediately 
ensuing sections, therefore, of this chapter, will relate to those proximate 
_ principles in which the ultimate elements are so combined as to constitute 
hydrates-of carbon, and I first select those which are of most -common 
and general occurrence; I shall refer, as we proceed, to certain of their- 
varieties or species, which belong to distinct genera of plants. 

I am quite aware that the arrangement adopted in this portion of my 
book is open to many objections, but I have rather studied the conve- 
nience of the student, than endeavoured to satisfy the theorist. When 


Liebig’s work is complete, we shall be better able to judge of its perspi- | 


cuity, but as far as arrangement is concerned, the published volume does 
not appear to me at all calculated to aid the beginner in this difficult 
branch of the science: the same objections apply to the fifth volume 
of Dumas’ valuable and elaborate treatise, which is also unfinished; 
indeed, some fatality seems to attend the completion of these works, 
arising, I presume, out of the incomplete state of many of the researches 
upon which the respective views of their eminent authors are essentially 
founded, and the difficulty of completing a stable superstructure upon 
either of their foundations. The nomenclature, which, among the conti- 
nental chemists, is creeping into organic chemistry, cannot, I think, be 
too strongly protested against by all who are engaged in teaching che- 
mistry: neither arrangement nor nomenclature are of much importance 
to those who have advanced far into, and are familiar with, the more 
complicated details of the science; but to the student, the capricious and 
hypothetical terms which are in vogue are either unintelligible, or what 
is worse, are calculated to mislead and embarrass. 


$ III. Gum, Mucitacr, anp THEIR VARIETIES. PEcTIN AND PECTIC 
Acip. Mucic Acip anp Pyromucic Acrp. 


Unvrr the term gum are included several modifications of a distinct 
proximate principle of vegetables, which are of extremely common and 
almost universal occurrence. To some of these the term mucilage is 
occasionally applied; and all the varieties may be referred to one or 
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other of these species, gum arabic furnishing a characteristic specimen of 
au, and gum tragacanth of mMuctiacH; the former the produce of the 
Acacia vera; the latter of the Astragalus tragacantha. 


Gum occurs in the form of an exudation upon the bark of trees, and 
collects into drops which gradually harden by exposure, and of which gum 
arabic furnishes a very perfect example: it may also be discovered, more 
or less abundantly, in the sap and juices of almost all plants and fruits, 
where it is recognised by the properties we are about to describe. 


Gum ARasic occurs in rounded pieces, or éears, of various sizes; and 
when pure is brittle, transparent, colourless, tasteless, inodorous, and of 
a specific gravity varying between 1:30 and 1:50. It does not crystallize, 
but when its aqueous solution is slowly evaporated, it remains in a 
hydrated state, and, though apparently dry, retains about 17 per cent. of 
water, which is given off by desiccation in vacuo over sulphuric acid at 
212°. Heated above 212° it becomes yellowish, and slightly sour; and 
when subjected to destructive distillation, yields acid water, empyreumatic 
oil, carbonic acid, and carburetted hydrogen, and leaves a spongy residue | 
of charcoal. 

Gum is slowly soluble in cold water, and more rapidly in boiling 
water, yielding a mucilaginous solution, which is more or less viscid 
and clammy according to the proportion of gum. ‘This solution is 
sometimes used as a glaze or varnish, and to give a gloss and stiff- 
ness to ribands, calico, &c. When substances, in a state of minute 
mechanical division, are suspended in it, it prevents their subsidence; 
hence its employment as an ingredient of writing-ink, and of some paints. 
Tt is quite insoluble in absolute alcohol and in ether; hence alcohol 
occasions a white precipitate of hydrated gum, when added to its aqueous 
solution, = 

When powdered gum arabic is triturated into a paste with sulphuric 
acid, the mixture gradually becomes brown, and if, after it has stood for 
24 hours, it is diluted with water and saturated by chalk, so as to abstract 
the acid, the gum retained in solution is somewhat modified, and resem- 
bles that which we shall afterwards describe as produced by the action of 
sulphuric acid upon lignin. Heated with sulphuric acid, gum is decom- 
posed, sulphurous acid, and traces of acetic acid, and of artificial tannin 
are formed, and about 30 per cent. of carbon deposited upon the addition 
of water. Boiled with very dilute sulphuric acid, it is partially converted 
into sugar. Nitric acid decomposes gum, and, when aided by heat, nitric 
oxide is evolved, and from 14 to 26 per cent. of mucic acid deposited on 
cooling. Longer digestion produces malic and oxalic acid. It would 
appear, from Vauquelin’s experiments, that when chlorine is passed 
through a solution of gum, a portion of citric acid is generated, but this 
requires verification. Powdered gum absorbs chlorine, and becomes 
brown and soft; it also absorbs hydrochloric acid, becoming brown, viscid, 
and evolving the gas when acted on by sulphuric acid. Iodine is appa- 
rently without action upon gum. 

The action of salifiable bases, and of salts, upon gum, has been in- 
quired into by Berzelius, Pfaff, Bostock, Thomson, and several other 
chemists. According to Berzelius, a concentrated solution of gum is first 
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coagulated by caustic potassa, and then gradually liquifies; alcohol 
throws down from the solution a compound of gum and potassa in the 
form of a curdy precipitate, which, when dried, is brittle and soluble in 
water: similar combinations may be made with the other alkalis and 
alkaline earths. When recently-precipitated hydrated oxide of lead 
is digested in an aqueous solution of gum, a definite compound 
of gum and oxide of lead is formed: the same compound is obtained 
subacetate of lead to a solution of gum, or 
by adding ammonia, not in excess, to a mixed solution of gum and 
nitrate of lead; it is white and insoluble, and when carefully dried con- 
sists of 61°75 gum, and 38-25 oxide of lead. A solution of gum arabic 
is precipitated by silicate of potassa; it is coagulated by a solution of 
borax, and the coagulum is soluble in free acid: in this respect gum re- 
When persulphate of iron is 
dropped into solution of gum arabic, a yellow gelatinous precipitate falls, 
soluble in free acid and in caustic potassa, but only partially soluble in 
boiling water: 1 part of gum in 1000 of water gives a yellow precipi- 
tate after 24 hours. This action upon persalts of iron is peculiar to gum 
arabic. Protonitrate of mercury also affords a precipitate with gum. 


by adding subnitrate or 


sembles starch, but differs from mucilage. 


(BERZELIUS. ) 


The term Muciuace is applied to a modification of gum, of which the 
substance known ini commerce as gum tragacanth may be taken as the 
type. It is in the form of white or yellowish semitransparent flakes, or * 
as not to admit of being pow- 
dered till dried at 212°, when it loses about 10 per cent. of water, and 
becomes brittle. It does not dissolve like gum arabic, but when steeped 
in water swells into a bulky mucilaginous mass, which, when boiled with 
water, gradually acquires the appearance of a solution of ordinary gum. 
According to Guerin, 100 parts of tragacanth yield 53 of gum (analo- 
gous to gum arabic), and 33 of mucilage (or Bassorin, a mucilaginous 
substance, described by Vauquelin as forming the bulk of gum Bassora, 
Ann. du Museum, xvi. 167), the remainder being water and oxalate of lime. 

Gum Senegal, Cherry-tree Gum (cerasin), and that of peach and. 
apricot trees, and other species of Prunus, together with the gum of starch 
and lignin, artificial products afterwards to be noticed, are closely analo- 
gous to gum arabic, or become so when they are boiled with water. . The 
mucilage of quince-seed, linseed, of the petals of the marigold (GEIGER’S 


curled and crinkled pieces, and so tough 


Calendulin), and that of several of the gum-resins, partake of the generic 


characters of tragacanth, or of mixtures of gum and mucilage. Sarcocolla — 
and salep also exhibit the same characters. 


Unrate Composition anp Equrvatent or Gum. — According to 
Berzelius’ analysis of the insoluble and anhydrous compound of gum and 
oxide of lead (gummate of lead), the oxygen in the gum is to that in the 
oxide of lead as 12 to 1; and if we regard it as a neutral compound, it 


will consist of 


Gums"). ‘ 
Oxide of lead 


Gummate of lead 


1 
1 
1 


186 
112 


— 


238 


62°4 
37°6 


Berzelius. 
61°75 
38°25 


100°00 
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The ultimate composition of gum, therefore, as represented by Berzclius, 
is shown in the following table, together with the results of some other 
analysts (excluding a ¢race of nitrogen). 


Berzelius. Prout. Gay Lussac. Berthollet. 
Carbon Wo Fh 2  4V94> 1° 41-906) 2 414. 4224, 43°80 > 
Hydrogen 12 . 12 . 645 . G788 . G65 . G93 . 6:86 
Oxygen. 12 . 96 . 51°61 . 51306. . 52:1. . 50°83. .. 49°34. 


Gum 1 186 100°00 100°000 100°0 100°00 100:00 


_ Pectin. Prctic Acty.—Under this term (from antes, coagulum), 
Braconnot has described the jelly of fruits, a substance which had gene- 
rally been regarded as a compound of gum and vegetable acid: it had 
been distinguished from animal jelly by deficiency in nitrogen. It is 
obtained from many fruits, by carefully expressing their juice and evapo- 
rating it more or less, at a temperature not exceeding 212°, It may be 
obtained by the addition of alcohol to recently-expressed currant or goose- 
berry juice: in the course of a few hours a gelatinous substance separates, 
which must be washed with weak alcohol and dried: it then resembles 
isinglass in appearance, and, when digested in cold water, swells into a 
soft pulp like starch, but is not blued by iodine. When heated with a 
small quantity of potassa, or soda, or of their carbonates, it is converted 
into what has been termed Pectic acid. This acid is easily obtained by 
the action of alkalis on the ligneous tissue of some vegetables: it com- 
bines with bases, and may be again separated from them by other acids. 
(Braconnot, Ann. de Ch. et Ph., xxviii. and xxx.) The alkaline pectates 
are soluble, but the pectate of lime is insoluble. It may be procured from 
the rasped roots of carrots and turnips. Deposited from a mixture of 
one-fourth of the juice of cherries and three-fourths of the juice of goose- 
berries, and, washed carefully, first with dilute alcohol, and then with 
cold distilled water, it is pure, with the exception of a little colouring- 
matter. 

__ To obtain pectic acid from the carrot, the root is rasped, pressed, and 
washed with common water, until the latter passes off limpid. Every 
100 parts of the pressed carrot, with 5 parts of bicarbonate of potassa, are 
boiled in water to form a clear fluid, and then again pressed; a strong 
solution of pectate of potassa is thus obtained, which, being decomposed 
by excess of solution of chloride of calcium, gives an insoluble pectate 
of lime. This, washed, and treated with water acidulated by hydro- 
chloric acid, and finally with pure water, affords pure pectic acid. In 
preparing it in this or any other way, water containing earthy salts 
Should be carefully avoided, as they are decomposed, and precipitate it. 
Tt has been much recommended in France as a part of the diet of 
invalids, and is said to be an antidote against many of the poisonous salts. 
(Ann. de Ch. et Ph., xxx. 96.) 

_ Pectic acid has not been quantitatively analyzed, but pectate of 
potassa (neutral) is said to consist of 15 potassa +°85 pectic acid; so that 

the equivalent of the pectic acid would be about 270. 


Mucic Acip. Sactactic Actp.—This acid is produced by the action 
of nitric acid upon gum, or upon sugar of milk. It was discovered by 
Scheele. (Opuse., ii. 3.) It is obtained by heating in a retort about - 
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3 parts of gum arabic and 5 of nitric acid, diluted with half its weight of 
water; carbonic acid and nitrous gas are evolved, and when the effer- 
vescence has nearly ceased, the mixture is allowed to cool: it then 
deposits a white sediment, which is mucic acid: 1 part of sugar of milk 
may be substituted for the gum, and exactly the same product is obtained. 
It may be purified as follows: add ammonia, in slight excess, to the 
impure acid, and afterwards as much boiling distilled water as will dis- 
solve the salt formed. Filter the solution while boiling-hot, and then 
evaporate it very slowly, nearly to dryness. The mucate of ammonia will 
be separated in the form of crystals, which are to be washed with cold 
distilled water till they become quite white and pure. They are now to 
be again dissolved in distilled water, and the boiling saturated solution 
permitted to drop from a filter into cold diluted nitric acid. This latter, 
of course, decomposes the mucate, and precipitates the acid in a state of 
purity. (Prout, Phil. Trans., 1827.) This acid is sparingly soluble in 
water, requiring 60 parts, at 212°, and is deposited, as the solution cools, 
in the form of a white gritty powder, of a slightly acid taste. It is inso- 
luble in alcohol. It combines with the metallic oxides, and forms a class 
of salts called mucates, or saclactates. | 

The salts of this acid have been especially examined by Trommsdorff, 
who, with Berzelius, agrees in assigning to it the equivalent 100: accord- 
ing to these chemists the mucate of lead, which is insoluble in water, 


consists of 
Berzelius. Trommedorff. 
Oxide of lead 1 ie 19S 20 2S OIRGL | y..8.) ORB eee 
UMueiotacid. 6 ccd te PROB.  AB'SS, dy i SO Ree 48°5 
1 


217 100°00 100°00 100°0 


Mucate of lead 


The following are the analyses of the mucic acid in reference to this 


equivalent :— 
Gay Lussac 

Berzelius. and Thenard. Prout. 

Parhoinectan Ghee bien B6ip cb oe P3420 109 AS 33°430-.. .)) 33°69"... Biiae 

Hydrogen 5 «., 5 » - 476°. ; 5105. . ., B62, ..« 94am 

Oxygen . Goi. es Dates ye COO Due a, 61°46>.. . 62°69... . 61°73 

1 


ww 


— 


105 100°00 100°000 100°00 10000 


Mucie acid 


Pyromucic Acty.—When mucic acid is subjected to destructive — 
distillation it yields about one-fifteenth of its weight of pyromucic acid, 
part of which sublimes, and part dissolves in the distilled liquid. The~ 
whole is dissolved in water, and filtered through animal charcoal, evapo- 
rated and crystallized, or again sublimed. This acid is permanent in the 
air, inodorous, very sour, fusible at 270°, and rises in vapour at a few 
degrees above that point, condensing in drops which concrete in fine 
acicular crystals, soluble in 26 parts of cold, and in less of boiling water, 
and more soluble in alcohol. (Hovron Lapituarpisre, Ann. de Ch. et — 
Ph., ix. 365.) It consists, in its anhydrous or combined state, of 


Boussingault, 
Carbon . 10 60. > BOF,» > OO re 
Hydrogen . 3 2 Pe 2 MS Mes oe 
Oxygen . 2 40. . 388 . . SBB8 
Pyromucic acid 1 103 _ 1000 100-00 
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The crystallized acid appears to include 2 atoms of water, and, 
according to Dumas, is isomeric with pyrocitric acid, and, in its anhydrous 
state, with the pyromeconic. 

The salts of this acid (Pyromucates) are almost all soluble: the only 
metallic salts which are precipitated by it being those of the peroxide of 
iron, protoxide of mercury, and of tin. It is as good a precipitant of the 
_ persalts of iron as succinic, or benzoic acid. 


Paramucic Actp.—Under this term Malaguti has described an acid 
separable by alcohol from the mucic acid. (Journ. de Pharm., xxi. 640.) 


§ IV. Suaar. 


Cane Suaar. Honey Sucar. Grape Sucar. Mannrre. Lrqvorter 
Sucar, or Giycyruizin. Musnroom Suaar. 


SuGAR may be extracted from the juice of a number of vegetables, and 
is contained in all those having a sweet taste: that which is commonly 
employed is the produce of the Arundo saccharifera, or sugar-cane, a 
plant which thrives in hot climates. 

The constituents of cane-juice are 


Water, Albumen, Acetate of Lime, 
Sugar, Green Fecula, Acetate of Potash, 
Gum, Lignin, Super Malate of 
Mucilage, Acetic Acid, Lime, 

Gluten, Malic Acid, Sulphate of Lime. ' 


CRYSTALLIZABLE or Canr Sucar.—The manufacture of sugar consists 
in isolating the concrete sugar from the substances with which it is 
associated in cane-juice, which is effected as follows. 

__ The cane, when ripe, is cut off at the root, stripped of leaves and 
ends, then passed twice through the mill, so as to express the juice. 
To prevent fermentation, a portion of lime (about 1 to 1600) is imme- 
diately mixed with the juice, which is then passed through a series of 
‘boilers to the last evaporating vessel called a teache. The syrup there 
is boiled until it granulates to‘ proof, and is then transferred into 
coolers for the crystals to form and separate from the molasses or treacle; 
after which it is packed into hogsheads for exportation to this country, 
under the name of muscovado or raw sugar. During this process, the 
Saccharine matter is affected, its colour is darkened, and its power of 
crystallization weakened. 

It is said that when the sugar-cane has attained its full maturity for 
grinding, little or no colouring matter is contained in the juice, but it 
exists in the waxy or resinous particles combined with the green 
_ fecula, and left in the sugar, when this fecula is precipitated by the lime. 
During boiling, the alkali renders the colouring matter soluble, and thus, 
by the application of heat, the colour of the sugar is always more or less 
deteriorated. 

By evaporating the cane-juice in open pans, the heat of the vessel 

4B 
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itself is above 300° Fahr., and as the juice cannot support a tempera- 
ture of 225° without decomposition of the green fecula and other 
vegetable matter, the saccharine matter must necessarily undergo other 
changes. Solid anhydrous sugar is made fluid at 300°, and at 302° 
is decomposed: the syrups are therefore further darkened by the char- 
ring or carbonization at the bottom of the evaporating vessels. The 
saccharine matter thus decomposed is probably converted intogum. (Dr, 
Thomson describes sugar as differing from gum merely by containing an 
atom of water less. Hence an atom of sugar + an atom of water, con- 
stitute an atom of gum.) : 

In addition to the injurious effects of heat on the saccharine matter 
itself, there is another principle, opposed to crystallization, existing 
in the defecated juice, which is mucilage, and which, at a boiling 
temperature, is converted into a matter analogous to gum. As regards 
the treacle, Dr. Turner obseryes that ‘its saccharine principle has been 
supposed to be different from erystallizable sugar; but it consists chiefly 
of common sugar, which is prevented from crystallizing by the presence - 
of foreign substances, such as saline and other vegetable matters.” 

The process of Refining Sugar consists in separating the pure 
crystals from the uncrystallizable and colouring matter existing in the 
original juice, and subsequently increased on converting this juice into 
muscovado sugar. The following is a sketch of the old process by 
which sugar is refined. 

Raw sugar is chosen for the purpose of refining by the sharpness 
and brightness of the grain, and those kinds are preferred which have a 
peculiar gray hue. Soft-grained yellow sugars, although whiter, are 
not so fit for refining, and it is for this reason that sugars from par- 
ticular colonies are seldom used, such as those from the East Indies, 
Barbadoes, &c. 

The proper sugar being selected, the pans are charged with a certain 
portion of lime-water, with which bullocks’ blood is well mixed by 
agitation. They are then filled with the sugar, which is suffered to 
stand a night to dissolve. The use of the lime-water is to render the 
molasses more soluble, and thus to facilitate its separation from the pure 
solid sugar. In the purer kinds, and more especially when the refined is 
redissolved for the purpose of bringing it to its utmost degree of purity, - 
lime is not used; the quantity of molasses being so small as to be easily 
removed by the agency of water alone. S 

Fires are lighted under the pans early in the morning, and when the 
liquid begins to boil, the albumen of the blood coagulates and rises to the 
top, bringing the impurities of the sugar with it. These are taken off 
with a skimmer. The liquid is kept gently simmering and continually 
skimmed, till a small quantity, taken in a metallic spoon, appears 
transparent: this generally takes from four to five hours. The white- 
ness of the sugar is not improved by this process, but even some- 
times deteriorated, from the action of the fire; it only serves to remove 
foreign impurities. 

The colour (as the refiners term it) or whiteness of the sugar when 
refined, depends in a great measure on the quantity of animal charcoal — 
used in this part of the process. It is applied frequently to the first 
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solution of the sugar and water. In some refining-houses the solution is 
filtered through beds of animal charcoal. The solution is, when perfectly 


bright and clear, run off into a large cistern. 


‘The pans are then reduced to half their size by taking off their 
fronts, and a quantity of syrup returned into each, which is made to 
boil as rapidly as possible, till it is capable of being drawn into threads. 
Nothing but practice can ascertain the exact point at which the boiling 
should be stopped: if carried too far, the molasses is again bound up 
with the sugar; and if not carried far enough, much of the sugar runs off 
with the molasses in the after-process, When this point is ascertained, 
the fire is damped, and the boiling sugar carried to the coolers: a fresh 
quantity is then pumped into the pans, which is evaporated as before. 

When the sugar is in the coolers, it is agitated with wooden oars till 
it appears granulated, and is no longer capable of being drawn into 
threads. It is upon this agitation in the cooler that the whiteness and 
fineness of grain in the refined sugar depend. The crystals are thus 
broken whilst forming, and the whole converted into a granular mass, 
which permits the coloured liquid saccharine matter to run off, and 
which would be combined with the solid, if suffered to form in larger 
erystals. This granular texture likewise facilitates the percolation of 
water through the loaves in the after-process, which washes the minutely- 
divided crystals from all remaining molasses. That this is the true 
theory of the whitening of sugar by the process of refining, appears 
from a comparison with the process of making candy. In this latter, 
the raw material is cleared and boiled exactly in the same manner; but 
instead of being put into coolers and agitated, it is poured into pots, 
across which threads are strung, to which the crystals attach themselves; 
these are set in a stove, and great care is taken not to disturb the liquid, 
as’ upon this depends the largeness and beauty of the candy. In this 
State it is left for five or six days, exposed toa heat of about 95°, when 
it is taken out and washed with lime-water: this takes off the molasses 
from the outside, but a portion is combined in the crystals, and the 
consequence is, that candy is never whiter than the sugar from which it 
is made. ) 

_ When the sugar has arrived at that granular state in the coolers, 


j above described, it is poured into conical earthen moulds, which have 


previously been soaked a night.in water. In these it is again agitated 
with sticks, for the purpose of extricating the air-bubbles which would 
otherwise adhere to the sugar and the moulds, and leave the coat of the 
loaf rough and uneven. When sufficiently cold, the moulds are taken — 
to the upper floors of the manufactory, and the paper stops being 
remoyed from their points, they are set, with their broad ends upward, 
upon earthen pots. The first portions of the liquid molasses soon run 
down, and leaye the sugar whitened by the separation. This self. 
clearance is assisted by a high temperature; and when it is perfected, 
pipe-clay, carefully mixed with water to the consistence of cream, is put 
upon the base of the loaves to the thickness of about an inch: the water 
from this slowly percolates them; and, washing the solid sugar from all 
tinge of molasses, runs into the pots. ‘The clay is of no other use than to 
retain the water, and prevent its running too rapidly through the mass, 
4B2 


1076 SUGAR. 


by which too much of the sugar would be dtsiolvea a sponge, dipped 
into water, acts in the same manner. The process of claying is repeated 
four or five times, according to the nature of the sugar, and the degree 
to which it has been boiled. When the loaves are cleansed from all 
remains of the coloured fluid, they are suffered to remain some time for 
the water to drain off; when this is completed, they are set with their bases 
downwards, when all remains of it return from their points, and it is 
eanally diffused throughout: they are then set in a stove, heated to about 
95°, and thoroughly dried. 

The syrup, OY the mixed solution of sugar and molasses which runs 
into the pots, is mingled in the next boilings with the solution of raw 
sugar in the pans, and again evaporated. It is divided according to its 
fineness; the first running, containing most molasses, is reserved for the 
coarser loaves; whilst the last, being little else than a solution of sugar, 
is boiled into loaves, of the auchd degree of fineness as those from which 


it ran. The lowest syrups are boiled into what is called bastard sugar, 


from which the molasses runs with very little mixture of the solid sugar. 
This is called éreacle, and is incapable of further crystallization. 

The produce of 1 ewt. of raw sugar worked in this manner is, upon 
an average, 63|bs. refined, 18 lbs. bastard, 27 \bs. molasses, 4 lbs. lost 
weight, dirt, &c. 

The process above described may almost be considered as mechanical. 
The only truly chemical parts of it are the clearing with blood, and the 
use of lime-water, which combines with the molasses, and facilitates its 
solution during the percolation of the water. 

_It cannot be doubted that much improvement may be made in 
refining sugar, by the aid of chemistry, so as to produce a larger 
quantity of refined from raw sugar, by extracting all the foreign matters 
remaining in the raw sugar, and which, when again exposed to high 
temperatures, in the process of refining, further decompose the saccharine 
matter. The plan of refining by open pans is now nearly superseded 
in this country, by the application of steam, and Howard’s plan of eva- 
porating in vacuo, or at least under a greatly-diminished atmospheric 
pressure, by which, exposure to any temperature liable to injure the 
sugar, is effectually prevented. The process of claying is also now gene: 
rally ‘omitted, and a strong solution of very white sugar is substituted, 
upon the principle that water, having a stronger affinity for the molasses 


than for the solid sugar, will, in percolating the crystals, dissolve the 


molasses, and leave the sugar to enlarge and aggregate the crystals, ren- 
dering the loaves of more weight and closer grain. 

In the boiling of sugar it is obviously desir able to avoid such elevation 
of temperature as may in any way tend to discolour or decompose it, and 
high-pressure steam, oil, and various saline solutions, have accordingly 
been resorted to as media for the communication of heat, the object 
heing rapidly to boil and evaporate, without elevating the temperature to 
that point at which sugar suffers incipient decomposition. According 
to Dr. Henry, “a mixture of 1 part of water and 3 of sugar boils 

rapidly at 230°; and from this to 240° is its due temperature. If a 
solution of sugar be further concentrated by the evaporation of water, the 
thermometer rises to 340°. The sugar then begins to turn black, and 
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at 370° it takes fire, on applying flame to its vapour, and burns strongly, 
leaving a residuum of charcoal.” 


Cane SuGanr is a white brittle substance of a pure sweet taste. Its 
specific gravity is about 1°5 to 1-6. It is dissolved in its own weight of 
cold water, and boiling water dissolves a considerably larger quantity. 
This aqueous solution is called syrup; it is viscid, and furnishes crystals 
in the form of four and six-sided prisms, irregularly terminated, com- 
posed, according to Berzelius, of 100 sugar +5’6 water. When syrup is 
long kept at a temperature near its boiling point, it loses the property of 
crystallizing. Sugar is soluble in alcohol, but more sparingly so than in 
water; when of the specific gravity of °830, it takes up about one-fourth 
its weight of pure white sugar; but absolute alcohol dissolves only about 
one-eighticth of its weight at its boiling-point, and on cooling, almost 
the whole separates in small crystals) When equal parts of strong syrup 
and alcohol are mixed, a quantity of small brilliant crystals of sugar are 
soon deposited. 

Pure sugar is unchanged by air, and perfectly-pure syrup is not prone 
to change; but the addition of other vegetable substances, though in very 
minute quantity, materially influences the action of air on this solution, 
These, and other changes of such mixtures, we shall consider under the 
article Fermentation. 

Concentrated sulphuric acid decomposes sugar, evolving charcoal, and 
producing water and formic acid. It is a striking experiment to mix 
about equal bulks of strong syrup and sulphuric acid; the mixture, 
when stirred, presently becomes brown and black, then suddenly heats, 
effervesces, and passes into the state of an almost solid and very bulky 
magma of charcoal: the acid appears suddenly to abstract from the sugar 

_the elements of water. 
When sugar is dissolved in dilute sulphuric acid and long boiled, it 
is gradually altered and converted into that modification of sugar which 
is obtained by the action of the same acid upon starch. Nitric acid 
converts sugar into oxalic and other acids. (See Oxalic Acid.) Chlorine 
and hydrochloric acid gas are absorbed by sugar; they render it brown 
and clammy; and chlorine yields hydrochloric acid, and apparently some 
malic acid. If the chlorine and sugar are both dry, there is no action. 
(Lrenic.) When 3 or 4 per cent. of oxalic or tartaric acid are added to 
sugar, it is rendered permanently uncrystallizable; other vegetable acids _ 
produce a similar effect, and the uncrystallizability of molasses is partly _ 
referable to a similar.cause. 4 
__ Arsenic acid renders syrup pink, purple, and brown, and the odour of 
acetic acid is evolyed. When the arsenic acid is decomposed by sul- 
_ phuretted hydrogen, a yellow sweet liquid remains, not precipitated by 
acetate of lead. 
_ Sugar combines with the salifiable bases. The alkalis dissolve it, 
and destroy its sweet taste, which re-appears if an acid be added. 
_ When, however, they are left long in contact of sugar, they effect a 
more important change, becoming carbonated, and apparently converting 
the sugar into gum. (See Liepie, Chimie Organique, in reference to the 
_ theory of these changes, and the production of melassic and glucic acids.) 
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Sugar absorbs ammoniacal gas, and forms with it, according to Berzelius, 
a definite compound of | atom of sugar, and 1 of ammonia, but which, 
exposed to air, loses ammonia and leaves unaltered sugar. The 
hydrated alkaline earths are soluble in large proportion in syrup. When 
the solutions are evaporated, uncrystallizable gum-like compounds 
remain, insoluble in alcohol. From a solution of sugar and lime, 
Mr. Daniell obtained crystals of carbonate of lime and a portion of gum. 
The addition of phosphuret of lime to syrup produces an analogous 
change. (Journal of Science and the Arts, vi. 32.) Alcohol added to 
the solution of lime with excess of sugar throws down a compound of 
1 atom of lime +1 of sugar. According to Braconnot, the protracted 
action of lime on sugar tends to the production of carbonic, oxalic, malic, 
and acetic acids. (Ann. de Ch. et Ph., uxviii. 337.) | 

Saccharate of lime, and of baryta, and some other combinations of 
sugar, have been described by E. Peligot. (Ann. de Ch. et Ph., uxvil. 113.) 
When a solution of 4 parts of sugar and 1 of chloride of sodium is 
evaporated to a syrup, and left to spontaneous evaporation in a dry 
atmosphere, it at first deposits sugar candy, and afterwards crystals, 
composed of definite proportions of sugar and salt. An analogous com- 
pound of diabetic sugar had been long observed. The compound is 
represented by the formula 2 (12Cd?r +9 h+90)+(so+C) +3 q. 

Syrup dissolves hydrated oxide of copper, and the carbonate and 
subacetate of copper, and forms blue or green solutions, from which 
alkalis do not throw down the oxide, but which are decomposed by 
sulphuretted hydrogen and by ferrocyanuret of potassium. Some of the 
cupreous salts are reduced, or afford precipitated suboxide, when boiled 
with sugar. 

When hydrated oxide of lead is digested in a solution of sugar, it forms 
a yellow alkaline liquid, which, on evaporation, yields a tough deliquescent 
mass; but when a solution of sugar is boiled with excess of the oxide, 
and filtered whilst hot, it deposits, after some hours, bulky flakes of 
an insoluble tasteless compound, which may be dried without decom- 
position, in vacuo: it is soluble in the acids, and when diffused through 
water may be decomposed by a current of carbonic acid, which forms 
carbonate of lead, and the sugar is evolved. Berzelius considers this as 
a compound of 1 atom of sugar, and 2 atoms of oxide of lead: it consists 
of 42:35 sugar, and 57°65 oxide of lead. Peligot obtained 59 per cent. 
of oxide of lead, and the other elements, in proportions corresponding to 
the formula (12car+9h+90)+2(pl+ 0). i 

When sugar is boiled with solution of nitrate of silver, a black 
powder is formed, which has not been examined: from perchloride of 
mercury it throws down the protochloride; and when mixed with solu- 
tions of peroxide of iron, the whole of the oxide cannot be precipitated 
by ammonia. ! , 

_ When sugar is exposed to a heat of 212° it undergoes no other change 
than that occasioned by the loss of adhering water; but at 300° it begins 
to fuse, becomes brown or black, evolves a little water, and is called, in 
this state, caramel; it is resolved at higher temperatures into new . 
arrangements of its component elements. Dr. Prout found that sugar, 
exposed for seven hours to a temperature of 300°, only lost 0°6 per cent, 
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of its weight, but its properties were permanently injuied. If suddenly 
elevated to a temperature of about 500°, it bursts into flame. The action 
of high temperatures upon sugar has been described by M. EH. Peligot, at 
the end of his paper on The Nature and Chemical Properties of 
Sugar. He states that when sugar is heated in an oil-bath to 410° or 
420°, it becomes dark-coloured without evolving any gaseous products, . 
but gives off water slightly tainted with acetic acid and oil; when this 
has ceased, the residue is black and brilliant but perfectly soluble in 
water, yielding a dark solution; it is insipid and of uniform composition, 
consisting of 
Cert eee ier, en eee UD. 4 | Foes Seer 7 


Be oroneln weds 2 iss sus ake, a Oia ae ae 
OSes ui seeseaee srs ed > apgeagoe A pee 


_ Anhydrous sugar, or Caramel 1 153 100 


In sugar, as in gum, the oxygen and hydrogen are to each other in 
the same relative proportions as in water, so that its ultimate composition 
is theoretically represented by Car + G. But the relation of the carbon 
to the water, or the absolute equivalent of sugar, is not so easily deter- 
mined, in consequence of the varieties of sugar differing a little in the 
relative proportion of carbon which they contain; if this be assumed at 
40 per cent. then the carbon and water will be in the ratio of their 
respective equivalents, but there is, in the greater number of the analyses, 
an excess of carbon in reference to their equivalents, and in regard to the 


weight of the proximate equivalent of sugar, the only compound from 


which it can be deduced is that with oxide of lead. If the insoluble 
saccharate of lead, above described, be regarded as composed of anhy- 


drous sugar, water, and oxide of lead, we may adopt the following 
statement of its atomic composition. 


Berzelius. 
Anhydrous sugar 1 ioe es OOO 
OWeaitoet era he cetera! Ie 87% RO ee He Be 
Oxide of.lead .:« 2. . «224... ., 5h) 
1 


Saccharate of lead 386 100°0 


The composition of crystallized sugar, consistently with the analysis 


of Berzelius, will be 
Berzelius. 


Anhydrous sugar. 1 . . 153 . . 9474 . . 947; 
Water e e e e 2 e e 1 8 e e 5°26 e ® 53 
1 


————<—< 


Crystals of sugar 171 100°00 100°0 


Or, in reference to ultimate constituents, crystallized sugar contains 


Gay Lussac 
Berzelius. and Thenard. Dobereiner. Crum. Berthollet. Ure. 


meropon ss 12). 72 . 421 5 42°225.. 42-47 . 40°td . 4h°S . 41:26 5 43ag 
Hydrogen. 11.11. 64. 6600. 690. 705. 65 . 697. 6:28 
Oxygen . 11. 88. 51°5 . 51175. 50°63 . 52°81 . S17. 51°77 + 50°33 


—— ———————ee |; Orr; ——— 


aaa 1 171 100:0 100:000 100:00 100:00 1000 100:00 100-00 


= 
Bh 


It will be observed that Peligot’s analysis of caramel is, in fact, 
that of anhydrous sugar: hence Liebig also represents crystallized cane 
sugar by the formula (12Ca? + sh+90)+2q. Débereiner regards 
crystallized sugar as a compound of 6 atoms of carbon, 6 of hydrogen, 
and 6 of oxygen, the carbon being equally divided between the hydrogen 
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and oxygen, so as to form a carbonate of hydrocarbon. 
The following are Dr. Prout’s analyses of several varieties of sugar, 


designated as below. 


A BC KE FG H 
Carbon 42°85 > 955s BARS Wee ALDOR 2:20 4210 .. 40°88 
Hydrogen G'A5° ses G44 4% 6°46 6742 39. GAS. eee 6°57 
Oxygen . 50°30 .. 51:56 .. 51°64 5138... 51°47 52°55 
100°00 100°00 100°00 10900 100°09 100°09 


A Purified candy; Bp West India candy; c English refined; p East 
India candy; © East India refined; Fr Maple sugar; a Beet sugar; H East 


India moist. 


* The following is Dr. Prout’s statement of the composition of the different 


grades of sugar. (Phil. Trans., 1827.) 


Pure sugar-candy. . .. . 
Impure sugar-candy . : 

East India sugar-candy (v). . 
English refined sugar . . . 
East India refined sugar (v) . 
Maple sugar (v) . . 5 - 

Beet-root sugar (v) . . « . 
East India moist sugar(v). . 
Sugar of diabetic urine. . . 
Sugar of Narbonne honey . . 
Sugar from starch. .-. . . 


Carbon. . Water. 
» (42°83 ops). pee 
. 41°55 10425 . . 58:5 toes 
Ca Or. hen. es cee 
415 to 425. 58°5 to 57°5 
A422 , : 57°8 
AD} see ss ip ing 57-9 
ee Gt ape Ts . 579 
+ AGES. Sse eee ee 
36 to40?2 . . . 64 to 602 
{36364 BH 2 63°63 
ci BG Daroce Site 63°8 


[In these results fived bodies only have been allowed for, and those marked 
(v), as occurring in commerce, are probably subject to slight variations in their 


composition. ] 


On these Dr. Prout makes the follow- 
ing remarks: “The sugar-candies of the 
shops frequently contain minute quan- 
tities of foreign’ fixed bodies, such as 
lime, &c., as well as others of a de- 
structible character. Both the speci- 
mens of India sugar-candy I examined 
were obviously impure to the eye, being 
of a brown colour, and deliquescent ; 
they contained, among other things, 
traces of potash. The East India refined 


sugar was perfectly white, but rather. 


soft and friable, and it did not possess 
the fine and brilliant grain of the best 
refined sugars of commerce. For a 
specimen of the maple sugar I was in- 
debted to Mr. Faraday; this, when I 
received it, was very impure and deli- 
quescent, but by treating it by the pro- 
cess above alluded to (see Phil. Trans.), a 


portion was separated that differed but 
little in its appearance from cane sugar. 
The beet-root sugar was made and refined 
in France; it was perfectly white, but — 
rather soft and fine in the grain. The — 
East India moist sugar was of a very low 
kind, and known in commerce by the- 
name of Burdwan sugar ; it was deprived 
of its hygrometic moisture before ana- 
lysis by exposure to sulphuric acid under 
a receiver. The diabetic sugar was pre- 
pared as above; the results given were 
obtained many years ago, and I have had 
no opportunity of repeating the analysis 
with the present apparatus; I believe, 
however, that diabetic sugars, in general, 
belong to the honey variety. The sugar 
of starch was prepared by myself in the — 
usual manner.” : . 
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MaptE Suaar is the produce of the Acer saccharinum, which is culti- 


vated as a source of sugar in North America, <A hole is bored through 


the bark in spring, from which the sap flows to such an extent, that a 
tree of average size yields about 50 quarts in 24 hours; it contains 5 per 
cent. of sugar. The sap is collected during 5 or 6 weeks: it is rapidly 
boiled down, and yields a coarse sugar, which, however, may be purified 
by the same processes as cane sugar, and resembles it in its properties. 


Bret SuGar is obtained from the Beta vulgaris. The manufacture 


of sugar from beet-root has been successfully and extensively pursued in 


France: many interesting details respecting it will be found ina paper 
in the Quarterly Journal, xxi. 252. The roots, having been softened in 
water, are sliced, and the juice is expressed and boiled down to about 
two-thirds its bulk, with the addition of a little lime; it is then strained, 
again evaporated, and purified in the same way as cane sugar. l00l|bs. 
of the root furnish between 4 and 5 lbs. of purified white sugar, besides 


a quantity of syrup, at the average expense (in France) of between 
threepence and fourpence a pound. 


_ Granutar Sucar.—This modification of sugar, (the Kriimel-zucker of 
the German chemists,) exists in the juice of several fruits, and may be 
produced artificially from lignin, starch, and some other substances which 
we ghall afterwards describe: it may also be obtained from honey: it 
forms the saccharine concretions found in raisins 3; and as it exists 
abundantly in the juice of the grape it is often termed grape sugar. In 
good seasons the expressed juice of grapes contains from 30 to 40 per 
cent. of solid matter, the greater part of which is sugar: there is a small 
relative quantity of gum, extractive, gluten, and bitartrate of potassa. 
To obtain the sugar, the juice is neutralized by the addition of chalk or 
powdered marble, strained or filtered, mixed with a little white of egg, 


boiled, skimmed, and evaporated till of the specific gravity of 1:32. It 


is then allowed to cool, and in a few days it concretes into a solid mass, 
which is drained, and then dried by pressure: it affords about 3 parts of 


dry sugar and 1 of syrup. The sugar may be rendered white by boiling 
it with charcoal. 


Honry.—The substance secreted in the nectaries of flowers is col- 
lected by bees, and by them converted into honey and wax; the portion 
of sugar not required for nutriment is returned by the insect into the 


combs, in the form of a yellow syrup, the taste and smell of which differ 


a little, according to the flowers whence it has been derived, but which 
is always yellow, viscid, and very sweet. Honey contains two kinds of 
sugar; the one resembles that from the grape, the other is uncrystallizable: 


honey also contains a yellow colouring-matter, wax, gum, and sometimes 


Solution till it granu 


manna sugar. The solid sugar is most easily obtained from the granular 
or crystalline honey, by the action of strong alcohol, which dissolves the 
other ingredients, but leaves the granular sugar. It may be whitened by 
dissolving it in water, filtering, boiling with charcoal, and evaporating the 
fates when cold. 


Grape Sucar is less soluble in water than cane sugar, and the syrup 
which it affords is less viscid. It does not sweeten so effectively as cane 
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sugar, and is more soluble in alcohol. It is deposited from its 
boiling alcoholic solution in crystalline grains, which retain alcohol 
in combination. Many of the acids act upon it as on cane sugar, but 
sulphuric acid, instead of charring and decomposing it, combines with 
it to form a new acid (sulphosaccharic acid*), which is not pre- 
cipitable by baryta. Acids act upon it as on cane sugar, but it has less 
affinity for salifiable bases; it combines readily with subacetate of copper; 
when its solution is mixed with common salt, dodecaédral crystals may 
be obtained from it, consisting of 25 chloride of sodium, 75 sugar, 
and about 7 per cent. of water. Dry grape and honey sugar have been 


analyzed. with the following results. : 
Grape Sugar. Honey Sugar. 


Saussure. Prout. 

Carbon I2ean Sul? a tiene SbGe Un ese T es 36°36 
Hydrogen 14... .14 . £0d e058 BAD Tigris 
Oxygen. 14 .. 112 56°57 . . 66°51 . . 56°56 
1 298 100°00 100°00 99°99 


The sugar of malted grain, of diabetic urine, and that formed artifi- 
cially from starch and from moody fibre, has the general characters of 
grape sugar: these we shall afterwards examine. A similar sugar has 
also been obtained from the Spanish chesnut, to the amount of about 
14 per cent. from those grown in Tuscany: the French chesnuts are 
less saccharine. ; 


Mannite. Manna Sucar.—This species of sugar is most abundant 
in Manna, but is also found in beet-root, celery, asparagus, onions, and 
probably in many other sweet plants: it is also contained in the sap of 
the larch (and other species of pinus), and exudes from their bark, but 
it always tastes of turpentine. (Manna Brigantina.) Manna exudes from 
several species of ash, especially from the Fraxinus ornus, and rotundt- 
folia. The best flake-manna is imported from Sicily and Calabria; it is of 
a buff-colour, light, and translucent. It has a slight odour, and a sweet, 
somewhat nauseous taste. Mannite is obtained from manna, by boiling 
it in alcohol: as the solution cools, it crystallizes: it may be purified by 
pressure. By very slow crystallization it furnishes delicate four-sided 
acicular prisms. It forms about four-fifths of the best manna; the 
residue is common sugar, and a peculiar yellowish extractive matter, in 
which the aperient quality of the manna resides. | 

~ Mannite is white, or nearly so, and very soluble in water: its aqueous 
solution, when sufficiently concentrated, concretes. Even when much — 
diluted, it does not ferment; so that it may in this way be separated 
from the other varieties of sugar, for, when mixed with them, it remains 
undecomposed, whilst they are converted into alcohol. ae 

The ultimate composition of mannite has not been satisfactorily 


* Peligot prepared sulphosaccharic 
acid by carefully adding 3 parts of sul- 
phuric acid to 1 of grape sugar fused on 
a water-bath: the product was dissolved 
in water, and saturated with carbonate 
of baryta, by which sulphate and sul- 
phosaccharate of baryta were formed ; 
the latter remains in solution. When 


subacetate of lead is added to this solu- 
tion, sulphosaccharate of lead falls, at 
first yellow, afterwards white. This, 
decomposed by sulphuretted hydrogen, 
yields a sweet slightly acid liquid, which 
forms soluble salts with nearly all bases : 
when evaporated, even in vacuo, it is 
resolved into sugar and sulphuric acid, 
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determined, in consequence of the difficulty of ascertaining whether it 
does or does not contain chemically-combined water; nor is there any 
combination of it from which its proximate equivalent can be deduced. 
Gmelin gives the following view of its supposed atomic constitution. 


According to Prout. According to Saussure. 
Fe Ene eR PAS eT 
Barbone ro. 1! fy OEP RAR 2 a ad ee F387 
Peewee 1b Pie. ode Sik oleae D ROB og ye le RaS 
Oxygen eolé ghO bc. hy cb QB oe tte5 ATG Braue 5 405/@ 0%. 4. 45°98 
Dried at 212° 1 234 10000 1 87 100°00 


Liquorice Suear. Guycyruizin.—When a strong infusion of liquo- 
rice-root is slowly evaporated to a small bulk, and sulphuric acid added, 
a precipitate falls, containing sugar and albumen, which is to be washed 
with water acidulated by sulphuric acid, then with pure water, and 
afterwards digested in alcohol, which leaves the albumen. A solution of 
carbonate of potassa is then dropped into the alcoholic solution till its 
acid is neutralized ; it is filtered and evaporated, and the sugar remains in 
the form of a yellow transparent mass, intensely sweet, and easily soluble 
in alcohol and water: it is.characterized by its tendency to combine with 
acids, bases, and salts. With acids it forms difficultly-soluble com- 
pounds. Sulphate of glycyrhizin is tough, and sweet without acidity; it 
dissolves in boiling water, and gelatinizes on cooling: its alcoholic solu- 
tion,is not precipitated by water.. Acetate of glycyrhizin resembles the 
sulphate, but is more soluble, and forms a stiffer jelly. Glycyrhizin 
combines with bases, and, when digested with alkaline carbonates, gra- 
dually displaces carbonic acid, and forms soluble compounds, which are 
not decomposed by carbonic acid. It occasions precipitates in most 
metallic salts. An analogous sugar has been found in the leaves of the 


Abrus precatorius, and in the root of the Polypodium vulgare. (BER- 
ZELIUS. ) 


Musuroom Suear was discovered by Braconnot in several species of 
agaricus, and other fungi, and by Schrader in morels. (Helvella mitra.) 
It is obtained by triturating the fungus with a little water, pressing it, 
and evaporating the expressed liquid neatly to dryness: the dry residue 
is digested in alcohol, and the solution yields crystals of the sugar on 
_ evaporation; they are square prisms, colourless when pure, slightly sweet, 
and less soluble than cane sugar. Concentrated sulphuric acid forms 
with it a red solution, from which a white coagulum separates on the 
addition of water. ! 


§ V. Srarcu anp its Varieties. Invutin. LicHenrn, Etc. 


Srarow, or Fecula, may be separated from a variety of vegetable sub- 
stances; it is contained in the esculent grains and other seeds, in many 
roots, in the stems of several species of palms, (seldom in those of dicoty- 
ledonous plants,) and in different. lichens. The process for obtaining it 
consists in diffusing the powdered or bruised grain or seed, or the rasped 
root or stem, in cold water, which becomes white and turbid; the grosser 
parts may be separated by a strainer, and the milky liquor which passes 
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deposits the starch, which i is to be washed in cold water, and dried in a 
gentle heat. 


; Common Srarcu may be obtained by steeping the grain containing it 

in water till it becomes soft; then putting it into coarse linen bags, and 
pressing them in vats of water: a milky juice exudes, and the starch falls 
to the bottom of the vat. The supernatant liquor undergoes a slight 
fermentation, and a portion of alcohol and acetic acid are formed, hil 
dissolve some impurities in the deposited starch; it is then collected; 
washed, and dried in a moderate heat. The greater part of the starch 
employ ed in this country is made in ornear London. It may be obtained 
from the meal or flour of wheat, rye, or other grain, or from potatoes *, 
and other farinaceous roots, but the starch commonly sold is almost 
exclusively made from wheat meal. The process consists in disengaging 
the fecula and other parts of the grain from the gluten, by fermentation 
and repeated washing. The wheat, coarsely ground, is put into a vat 
with a sufficient quantity of cold water, in which it lies and ferments, 
sometimes seven or eight days, and at others longer, according as it may 
be wanted, or as the weather promotes or retards fermentation. When 
the fermentation is over, which is known by the starch settling at the 
bottom of the vat, the whole is taken out by small quantities at a time, 
and put into hair-sieves and washed with water, which separates the 
bran from it, the fine parts running through the sieve with the water into 
shallow tubs, or vessels, called frames. The fermentation becomes acetous, 
and what runs through the sieves contains the starch suspended in a very 
foul acid liquor, called sour water. In about two days after this opera- 
tion, the starch settles at the bottom of the frames, the sour water is then 
drawn off, and the dirty discoloured part, which is the last that subsides, 
and therefore is at the top, is scraped off; the surface of the remaining 
starch is then washed, till it is nearly free from the mucilaginous sediment. 
The top, called slimes, is put into another frame or tub, and treated 
similarly, to obtain the starch from it. The starch is stirred with fresh 
water and strained through a finer sieve into another frame or tub, when, 


two species, the Sagus genuina (Rum- 


* Potato starch is obtained by reducing 
phius), and Sagus farinifera (Lamarck). 


potato to a pulp, and washing it with 


cold water upon a sieve; the fecula is 
deposited in the form of a white powder, 
denser than common starch, and exhi- 
biting larger spherules under the micro- 
scope, but possessed of its essential 
characters. According to Dr. Pearson 
(Repertory of Arts, iii. 383), 100 parts of 
fresh potato, deprived of skin, contain 
water 68 to 72, and meal 32 to 28. The 
meal consists of starch 15 to 17, fibrous 
matter 8 to 9, mucilage 5 to 6. 
Lampadius has also analyzed several 
varieties of the potato. (Ann. Phil. v.39.) 
Sago, Tapioca, and Cassava, are also 
varieties of starch. Sago is produced, 
not from the Cycas circinalis, nor indeed 
from any species of Cycas, but from true 
palms of the genus Sagus, and of at least 


See Hooxer and Hamitton, in Cur- 
tis’s Botanical Magazine, vol. Lx., or 
N.S., vol. ii., Plates 2826, 2867. | 

The pith of these palms is mixed with - 
cold water, and the starchy deposit 
granulated and dried; its colour depends 
upon the heat at which it has been 
desiccated. ‘Though sago possesses the 
leading character of starch, that of pre- 
cipitating iodine blue, it differs from 
common starch by its solubility i in cold 
water. (CAVENTOU.) 

Tapioca and Cassava are prepared 
from an American plant, the Latropha 
manihot, the milky juice of which is_ 
poisonous, but diffused through water 
deposits a harmless starch, ne allied 
to sago. 
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being nearly cleansed of its impurities, it is called a green water. In 
two or three days the starch settles at the bottom of the frame or tub, 
where it is kep¢ till it is either washed again or bored. If it is washed 
again, in the manner above described, the part washed off is called a 
white water, instead of a slime; the other part being still called a green 
water. The starch, being sufficiently pure and settled, is taken out of the 
frames or tubs, and put into oblong boxes, about five feet long and one 
broad, with holes in the bottom and lined with linen cloth, to drain and 
harden, where it soon becomes solid enough to be cut into square lumps : 
it is then turned out of the boxes and laid upon bricks (which absorb the 
moisture) for two or three days to dry. When sufficiently hard, the 
pieces are put into the stove, a square building fitted up with racks on 
every side, at proper distances for receiving the pieces, and heated from 
below. Here they remain in a moderate heat for about two days, till a 
slimy crust forms on the surface. When taken out of the stove, the 
crusted part is carefully scraped off, and the remainder, which is now 
perfect starch, is papered, labelled, and stamped, and placed again in the 
stove, with a good fire, for about three days, till quite dry. During this 
drying the lumps crack pretty uniformly into the small pieces in which 
they appear when sold. The slimes and white waters are treated in the 
same way, till all the starch is got from them, and boxed, drained, and 
dried, as before. (See the Eighth Report of the Commission of Excise 
Inquiry, 1834.) 


Pore Srarcu, from whatever source it is obtained, is a white sub- 
Stance, of a specific gravity about 1:5, insoluble in cold water, but readily 
soluble* at a temperature between 160° and 180°. Its solution is gela- 


_tinous, and by careful evaporation yields a substance resembling gum in 
appearance, which is a compound of starch and water. Starch is insoluble 
in alcohol and in ether, and occasions no precipitate in the greater-num- 


ber of metallic solutions; in golution of subacetate of lead, however, it 
occasions a copious precipitate. The most characteristic property of starch 
is that of forming a blue compound with iodine; it may be obtained by 
adding an aqueous solution of iodine to a dilute solution of starch. (See 
p. 372.) Starch absorbs chlorine, becoming semifluid, brown, and sour, 
and evolying carbonic and hydrochloric acid. 

When a decoction of starch (it should be pure and free from gluten) 
is kept, in or out of the contact of air, for six or eight weeks, water 
being occasionally added to prevent desiccation, and the temperature 
between 60° and 80°, a portion of sugar is gradually formed in it. (Saus- 


applied to it. 


“TI have used the term solution of 
starch, as applicable to the ordinary 
appearances that ensue, but Raspail has 


_ shown that the varieties of starch con- 


sist of small brilliant spherules, each of 
which has a coating less soluble than its 


_ interior; that heat bursts these, and lets 


out their contents, which consist of a 
guin-like substance, (called by Biot, 
dextrine2) the term amidine has also been 
The different varieties of 


starch may, it is said, be discriminated 


by their microscopic characters. Berze- 


lius says, that the action of hot water 
upon starch is not a true solution, but 
a swelling up or gelatinization of the 
starch, and that only a small portion is 
actually dissolved: but, in reference to 
the general chemical agencies of starch, 
it will not be necessary to enter into 
these distinctions, 
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surE, Ann. de Ch. et Ph., xi. 379.) The following table shows more 
explicitly the nature of these changes*. 7 . 


A B C Dp E KF 

Sugar . 37:00 . 4774 . 497 S5 hirenge di. we 68 
Gum >. 10°00. , 23:0.) 89 VERA told? “steal 36 
Amidine . 5 wkd oer: 89 . 52 13% « oli 1:09 
Starch riba egies tp efemer Gite gat eek 93 98°00 
Ligneous starch . 10°53 10-3 9-2 70 . 44 ” 
Carbonaceous lignin trace trace 03 .-trace . 02 
Soft resin . ‘ 0°30 loss 6'0 

77°96 93°6 179 94°0 785  100°36 


A is the composition of the residue of 100 parts of wheat starch made 
into a paste with 1200 of water, and left in a covered but not air-tight 
saucer for two years; a gray, mouldy, inodorous, semifluid paste, not acid, 
remained, which, dried at 212°, yielded the above results. 
experiment, in which the starch-paste was kept for thirty-eight days, in 
a well-corked phial containing a little air. c, the same as3, but air freely 
admitted. ,a similar paste of potato starch, left for forty-two days in a 
bottle, with a tube cemented into it for carrying off gas: a little hydrogen 
and carbonic acid were evolved. &, the same as D, but freely exposed. 
r, the starch-paste as above, left for forty days in a glass yessel filled 
with carbonic acid. The term amidine, in the above table, is applied “ to 
a substance intermediate between gum and starch;” and ligneous starch 
to a product insoluble in boiling water and in many acids, but still becom- 
ing purple with iodine. The carbonaceous lignin gives a brown colour 
to-the respective solutions. The influence of carbonic acid in preventing 
the decomposition of starch is strikingly shown by the contents of the last 
column. If gluten be present, starch begins to pass into sugar in a few 
hoursT. 

The dilute acids dissolve starch, and the solution, by continued boiling, 
yields gum and sugar. The conversion of starch into sugar by these 
means was discovered by Kirchoff, of Petersburgh, not accidentally, but 
in consequence of Napoleon’s exclusion of colonial produce from Russia, 
during the enforcement of what was termed the Continental System: his 
ingenuity was rewarded by the Emperor of Russia, with an ‘annuity of 
1000 rubles. His method consisted in boiling with very dilute sulphuric 
acid. A pound of starch may be digested in 6 or 8 pints of distilled 


Bis a similar 


* The facility with which sugar is 
sometimes formed is shown in the change 
which the pulp of many apples under- 
goes when exposed to air, becoming 
brown, and at the same time much 
sweeter. This character belongs to the 
apples which are preferred for cyder, and 
is obvious by the rapid alteration of 
colour which they exhibit when cut 
through so as to expose the interior. 

+ The change of starch into sugar is 
always observed during the germination 
of seeds, and in the process of malting a 
similar conversion is effected. 

Malt is barley which has been made 


q 


to germinate to a certain extent, after - 


which the process is stopped by heat. 
The barley is steeped in cold water, and 
is then made into a heap, or couch, upon 
the malt-floor: here it absorbs oxygen, 
and evolves carbonic acid; its tempera- 
ture augments, and then it is occasionally 
turned, to prevent its becoming too 
warm. In this process the radicle 
lengthens, and the plume, called by the 
maltsters acrospire, elongates; and when 
it has nearly reached the opposite ex- 
tremity of the seed, its further growth is 
arrested by drying at a temperature 
slowly elevated to 150° or more. The 
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water, rendered slightly acid by 2 or 3 drachms of sulphuric acid. 
The mixture should be simmered for a few days, fresh portions of water 
being occasionally added to compensate for the loss by evaporation. 
After this process, the acid is saturated by a proper proportion of chalk, 
and the mixture filtered and evaporated to the consistence of syrup; its 
taste is sweet, and, by purification in the usual way, it affords granular 
sugar. Dr. Tuthill digested a pound and a half of potato starch (obtained 
from about 9 pounds of potatoes) in a mixture of 6 pints of distilled 
water, and a quarter of an ounce (by weight) of sulphuric acid, at a_ 
boiling heat; the mixture was afterwards stirred, and fresh water occa- 
sionally added to supply loss by evaporation. After thirty-four hours an 
ounce of powdered charcoal was added, and the boiling resumed for two 
hours. The acid was then carefully saturated by lime, and the boiling 
continued for half an hour, when the liquor was strained through calico. 
The insoluble residue, after having been washed and dried, consisted of 
charcoal and sulphate of lime. The filtered liquor was evaporated to the 
thickness of syrup; and being set aside, became, in eight days, a crystal- 
lized mass, resembling brown sugar and treacle. The sugar weighed one 
pound and a quarter. One pound of it, fermented in the usual way, 
afforded, on distillation, 14 drachms of proof-spirit. (Nicholson's Journal, 
xxxill.) MM. de la Rive and Saussure have shown that the contact of 
air is unnecessary in the above process; that no part of the acid is decom- 
posed, no gas evolved, and that the actual sugar obtained exceeds, by 
about one-tenth, the original weight of the starch. Hence Saussure con- 
cludes that the conversion of starch into sugar depends upon the solidi- 
fication of water, a conclusion borne out by the comparative analyses. 
According to Kirchoff, nitric, hydrochloric and oxalic acids may be substi- 
tuted in the above process for sulphuric; but phosphoric, tartaric, and 
acetic acids, are ineffective. The actual nature, however, of the change 
is not satisfactorily understood, and the experiments showing that starch 
passes into sugar without the intervention of any acid whatever, render 
these results doubtful.: I shall afterwards have occasion to notice an 
analogous conversion of wood into gum and sugar. 


malt is then cleansed of the rootlets. 
According to Dr. Thomson, barley loses 
about 8 per cent. by converting it into 
malt, of which : 

1°5 is carried off by the steep-water. 

3°0 dissipated on the floor. = 

30 roots separating by cleansing. 

0°5 waste. ; 


80 

The following are his comparative 
analyses of unmalted and malted barley, 
showing the changes which have taken 
place in the operation. 


Gum 3 ee 14 
Sugar . 4 Pa 
Gluten ., el ee 
Starch 88 . . 69 


— 


100 barley 100 malt. 


According to Proust (Ann. de Ch. et 
Ph., v. 337), barley also contains a pe- 
culiar substance, insoluble in hot water, 
which he calls hordein, and which, during 
malting, is diminished in quantity, and 
converted into sugar or starch. Hitherto 
hordein appears to have been confounded 
with starch. The following are his com- 
parative analyses :— 

In 100 of Barley. In 100 of Malt. 
Hesin it eee 


ren? > SA at 15 
Muga 40st, cObigth pel eS 
Grotenh..2) dls. Blt. 1 
Starch S20) ate oe 
Hordein:) So Go, yee cae ee 

100 100 


The starch of malt also differs in some 
of its properties from that of barley. 
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A true crystallizable compound of starch and sulphuric acid may 
be obtained by dissolving, in a gentle heat, 1 part of starch in 3 of 
sulphuric acid, previously diluted with 36 parts of water, and mixing 
the solution with alcohol, which throws down a precipitate composed 
of starch and sulphate of starch; when washed with alcohol, dis- 
solved in a small portion of water, and left to spontaneous evaporation, 
acicular crystals of sulphate of starch are formed, from which the free 
acid, contained in the mother liquor, may be washed with alcohol. ‘These 
crystals are not perfectly soluble in water without slight decomposition. 
(SavssuRE.) : 

Concentrated sulphuric acid converts starch into a black magma, with 
the evolution of sulphurous acid: when water is added, more or less car- 
bon is thrown down. Nitric acid easily dissolves starch when warm, 
and converts it into malic and oxalic acids, without a trace of mucic acid. 
Hydrochloric acid forms with starch a solution, which, if evaporated, 
becomes thick and brown. (BERZELIUS.) 

With the fixed alkalis starch forms more decided compounds than 
with the acids. With caustic potassa it produces a combination soluble 
in water and in alcohol, from which acids separate the starch. Potato 
starch is more readily dissolved by the alkalis than wheat starch. Lime 
and baryta form with starch insoluble compounds, which fall when a 
solution of starch is added to lime or baryta water. When a boiling 
solution of starch is mixed with subacetate or subnitrate of lead, a white 
curdy compound falls, and the subsalt becomes neutral. The precipitate 
consists, according to Berzelius, of 72 starch+28 oxide of lead. None 
of the combinations of starch with the salts are interesting or important. 
It exerts, however, according to Vauquelin, an evident solvent power over 
phosphate of lime. According to Rose, the presence of starch prevents 
the precipitation of oxide of iron by the alkalis. 

Starch combines with tannin, and the compound is best obtained by 
filtering a hot solution of starch in infusion of galls; as it cools, the 
tannate of starch falls. It is thrown down when a strong infusion of galls 
is mixed with one of starch, but the precipitate dissolves on the applica-~ 
tion of heat. Starch is not thus precipitated by all the varieties of tannin, 
nor does it apparently combine with artificial tannin. : 

When starch is heated to 212°, it loses a little in weight from the 
loss of water, not combined, but adhering, for starch is anhydrous. Ata 
somewhat higher temperature it becomes modified in solubility, acquires 
a slight odour, and is converted into the amidin of some chemists. ” 
When carefully heated till vapour rises from it, it becomes soluble 
‘+n cold and hot water, and loses its gelatinous character. Instead of 
blue, iodine gives it a dingy purple tint. Starch, thus altered by heat, 
is known in commerce under the name of British gum, and is often used 
as a substitute for gum arabic, in the processes of calico-printing, and for 
stiffening different goods. It is commonly sold in Paris under the name 
of Deatrine. According to F. Marcet the ultimate components of 
torrefied starch are carbon 35°7, hydrogen 6-2, oxygen 581. 

The ultimate Analysis of Starch, regarding it asa compound of carbon — 
and the elements of water (Cr+ q), has been variously represented in 


reference to its proximate equivalent, and till this is more accurately 


STARCH. 


1089 


determined, the probable composition of the atom of starch must remain 


doubtful. If the amylate of lead be regarded as 
of starch and 1 atom of oxide of lead, 


lent of starch, and it will consist of 


SO iy aa 
Hydrogen 6 . . G6... 6-25 
Oxygen. 6. 2 48 


Starch 1 


100°90 


a compound of 3 atoms 
the number 96 will be the equiva- 


Gay Lussae 


and Thenard. Prout Berzelius. 
43°55 e e 42°80 e e 44°250 

ia Les Lier Ly ite ili 6°35 6° 674 
on 4 9-G Gees 00°85, 49°076 
100°00 100°00 100°000 


The following, in other terms, are the comparative results of the ulti- 
mate analysis of three varieties of starch, dried at 212°%, 


Wh cat Starch. 
Carbon 42°80 . . 
Water 57:20 

100°00 


* Dr. Prout, referring to the identity 
in composition between the sugar of 
honey and arrow-root under the ordinary 
circumstances of the atmosphere, infers 
that differences exist among the varie- 
ties of antylaceous principles analogous to 
those existing among sugars; or, in other 
words, that there are dow starches as well 
as low sugars; wheat-starch he places at 
the head of the starches, and considers 
arrow-root as the lowest variety. “Whe- 
ther arrow-root,” he observes, “be the 
lowest that exists, Iam unable to say; 
but I have met with none lower; and 
have reason to believe that the greater 
‘portion of the other varieties of the 
amylaceous principle known to exist, 
like the varieties of sugar above given, 
are intermediate in their composition 
between arrow-root and wheat-starch. 
“The identity of composition between 
_wheat-starch and cane-sugar, and be- 
tween the sugar of honey and arrow- 
Toot, seems to show that, though these 
bodies are not actually capable of as- 
Suming the crystalline form, yet the 
original tendency among their essential 
elements to combine in certain propor- 
tions (and perhaps to assume certain 
forms) still continues to operate, though 
_ Ma mitigated degree, and thus to exert, 
a8 it were, a feeble nisus, or endeavour 
toward the maintenance of certain defi- 
“hite modes of existence.” 
__. Inreference to what are usually called 
_ the extraneous or foreign ingredients of 
_ certain vegetable principles, Dr. Prout 
_ has the following remarks :— 
_. “It has been known from the very 
infancy of chemistry, that all organized 
_ bodies, besides the elements of which 
they are essentially composed, contain 


J ' 


Arrow-root. 


Potato Starch. 


4440 . , 4495 
55°60 85°75 
100-00 100°00 


minute quantities of different foreign 
bodies, such as the earthy and alkaline 
salts, iron, &c. These have been usually 
considered as mere mechanical mixtures 
accidentally present; but I can by no 
means subscribe to this opinion. Indeed, 
much attention to this subject for many 
years past, has satisfied me that they 
perfoym the most important functions ; 
in short, that organization cannot take 
place without them. This point will be 
more fully investigated hereafter: at 
present it is sufficient merely to observe, 
that many of those remarkable changes 
which crystallized bodies undergo on 
becoming organized, are more apparent 
than real; that is to say, their chemical 
composition frequently remains essen- 
tially the’ same; and the only point of 
difference that can be traced, is the pre- 
sence of a little more or less of water, or 
the intimate mixture of a minute portion 
of some foreign fixed body. There is 
no term at present employed which 
expresses this condition of hodies, an 
hence, to avoid circumlocution, I have 
provisionally adopted the term meror- 
ganized, (uépos, pars vel partim,) mean- 
ing to imply by it, that bodies on passing 
into this state become partly, or to a 
certain extent, organized. Thus starch 
I consider as merorganized sugar, the 
two substances having, as we shall see 
presently, the same essential composi- 
tion, but the starch differing from the 
sugar by containing minute portions of 
other matters, which, we may presume, 
prevent its constituent particles from 
arranging themselves in the crystalline 
form, and thus cause it to assume totally 
different sensible properties.” 
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Inutin.—This modification of starch was discovered in 1804, by V. 
Rose, in the root of the Inula helenium: it has been found by Payen 
(Ann. de Ch. et Ph., xxvi. 102), in the tubers of the dahlia, and also in 
other: plants, so that a variety of names have been given te it in reference 
to its sources, such as Dahline, Menyanthine, Datiscin, &c. Rose ob- 
tained it in the form of a white precipitate, deposited during the cooling 
of a strong decoction of elecampane root. Payen procured it from the 
grated root of the dahlia, which was first washed with cold water, then 
boiled with the addition of a little chalk, strained, and filtered through 
charcoal, and clarified by white of egg: it was then evaporated till a 
pellicle formed upon the surface; during cooling the inulin was deposited 
tothe amount of 10 per cent. of the original root. The expressed juice of 
the potato also yields a little inulin (about 3 per cent.) when evaporated. 

Inulin is purified by dissolving it in hot water, and cooling the solu- 
tion, when it is deposited in the form of a white, insipid, inodorous, 
cry stalline powder, specific gravity 1:356. Heated a little above 219° 
it loses water and fuses. Jodine renders it yellow. It is insoluble in 
cold, but sparingly soluble in boiling alcohol: dilute acids dissolve it, 
and readily convert it, by boiling, into gum and sugar. In other respects, 
also, it is analogous to common starch. 


Licuen Srarcu. Licuentn.—Most lichens contain a species of 
starch: it may be obtained from the Lichen islandicus as follows: it is 
cut into shreds, and infused in about 18 parts of cold water, to which 
carbonate of potassa is added in the proportion of 120 grains to each 
pound of moss. After 24 hours the moss is drained upon a sieve (not 
pressed), and thoroughly edulcorated by cold water: it is then boiled in 
9 pints of water down to 6, and the decoction strained and squeezed out 
whilst hot. The strained liquor, at first clear and colourless, becomes, on 
cooling, a gray opaque jelly, which, if suspended in a cloth, or dried on 
blotting-paper, becomes hard as it dries, and of a dark colour. Redis- 
solved in boiling water, it may be again gelatinized. It is tasteless, 
insoluble in alcohol and ether, epituind no nitrogen, and yields on 
destructive distillation the same products as potato starch. It is only 
slightly soluble in cold water, and when long and repeatedly boiled, it 
loses its property of gelatinizing. Iodine renders it dingy green. The 
dilute acids prevent its gelatinization, and gradually change it into gum 
and sugar. It is copiously precipitated by subacetate of lead, but, in 
other respects, resembles common starch. 


Users or Srarcu.—Wheat starch is employed for stiffening various 
fabrics, and articles of wearing apparel*. In applying it to muslin, the 
addition of borax or of phosphate of soda or ammonia, would at the same 
time render it so far incombustible, as to prevent burning with flame, and 
obviate the accidents that so frequently ensue from that cause. A little 
smalt, prussian blue, or indigo, is generally added to starch to coyer its 
yellowish hue, and to render it more effective in overcoming the tinge — 
that linen and cotton acquire when long worn. In this country, the 


* Potato starch is said to be much | are apt to give in damp weather, and to 
more hygrometric than wheat starch, | become mouldy if laid by. 
and goods which are stiffened with it, 
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consumption of starch, though considerable, is trifling compared with that 
in Holland and some other parts of the continent of Europe, where 
stiffly-starched caps and gauzes are much worn by the lower orders: since 
the abolition of the absurd custom of powdering the hair, there has also 
been a great falling off in the demand for starch. 

Lozenges, and various articles of confectionery, consist partly of starch ; 
and the sugar-plums, sold in the streets, are composed of the refuse parts 
of the starch mentioned in describing its manufacture, with chalk, gyp- 
sum, and other trash: a spurious refined liquorice is also made upon the 
same principle. Stone-blue is a compound of indigo or prussian blue 
and the inferior kinds of starch. Among the substances used to adulte- 
rate starch, porcelain-clay was at one time prevalent. Considered as an 
article of food, as a part of the diet of children and of invalids, and as a 
component of our most nutritious vegetables, starch is very important, 
and several of its varieties are often resorted to medicinally. But, 
although eminently adapted to form part of our food, it is not fitted for 
exclusive nutriment, and this would appear to be the case with all those 
proximate principles of vegetables which are deficient in nitrogen. 


§ VI. GuivuTen anp ALBUMEN. 


Many plants contain a principle which resembles animal matter, and 
to which the term vegeto-animal matter was formerly applied. Of this 
substance there are two leading varieties, which may be distinguished by 
the terms gluten and albumen. 


| GLUTEN, so termed from its adhesive character*, is found in many of 
the esculent seeds, and especially in wheat, associated with albumen and 
starch. Its characteristic properties are, insolubility in cold water, elas- 
ticity and adhesiveness when moist, solubility in boiling alcohol, and in 
some of the acids and alkalis: it is precipitated from some of its solutions 
by ferrocyanuret of potassium, and by infusion of galls, 
When a thick paste of wheaten flour is tied up in a piece of coarse 
- canvass, and washed and kneaded in water till the whole of the starch is 
extricated and the washings are no longer milky, it leaves a gray, viscid, 
adhesive, and elastic substance, which consists of gluten and albumen, 
with a little residue of starch. By boiling this substance in alcohol, it is 
separable into a soluble and insoluble portion; the soluble part is gluten, 
—the insoluble, albumen. Gluten is then obtained by mixing the alco- 
holic solution with water, and distilling off the alcohol: it separates in 
Straw-coloured flocculi, which aggregate, on stirring them together, into 
an elastic mass, tasteless, and of a peculiar odour: exposed to air, it 


_ * Jt is the presence of gluten in 
wheaten flour that renders it pre-emi- 
-nhently nutritious, and its viscidity or 
tenacity confers upon that. species of 
flour its peculiar excellence for the ma- 
- nufacture of macaroni, vermicelli, and 
similar pastes, which are made by a 
_ kind of wire-drawing, and for which 
the wheat of the South of Europe, 


(more abundant in gluten than our own,) 
is particularly adapted. 

The superiority of wheaten over other 
bread depends upon the great tenacity 
of its dough, which, in panary fermenta- 
tion, is puffed up by the evolved carbonic 
acid, and retained in its vesicular tex- 
ture, so as to form a. very Jight loaf. 
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becomes superficially brown and glossy, and gradually dries into a semi- 
transparent horn-like mass. If obtained by evaporating its alcoholic solu- 
tion, it is yellow, brittle, and transparent. When moist gluten is digested 
in acetic acid, the greater part is dissolved, but a peculiar substance, par- 
ticularly described by Berzelius (Lehrbuch), remains. When the acetic 
solution of gluten is evaporated, it leaves a colourless transparent residue; 
saturated by caustic or carbonated ammonia, a flocculent precipitate falls, 
having all the characters of the original gluten. When a solution of 
gluten in acetic acid, or in alkali, is mixed with sulphuric, nitric, or hydro- 
chloric acid, the gluten separates apparently with its original characters, 
but, in fact, chemically combined with the precipitant acid. Neither 
acetic nor phosphoric acid precipitates gluten from its alkaline solution, 
and yet phosphoric acid has no especial solvent power on moist gluten. 
When the solution of gluten in caustic potassa is evaporated at a low 
temperature (below 110”), a white, opaque, and apparently neutral com- 
pound of gluten and potassa remains. Caustic ammonia has little solvent 
power over gluten in its ordinary viscid state, but an acid solution of 
eluten is not permanently precipitated by ammonia. The combinations 
of gluten with other bases are insoluble in water, and are precipitated | 
when the solution of gluten in potassa is mixed with the earthy or 
metallic salts. The carbonated alkalis scarcely dissolve gluten, and 
when it is precipitated by them from its acid solutions, they do not redis- 
solve the precipitate. The alkaline and acid solutions of gluten give a 
white precipitate with corrosive sublimate; and when viscid gluten is 
put into a solution of corrosive sublimate, it shrinks, hardens, and loses 
all tendency to putrefy. An acetic solution of gluten is not affected by 
acetate or subacetate of lead, or by sulphate of iron, but is abundantly 
precipitated by infusion of galls. 


ArpumeEN is the portion of the original glutinous residue of wheat — 
flour, which is insoluble in alcohol; it remains in the form of a gray 
substance after the extraction of the gluten; it is easily dried, and 
becomes brittle and pulverulent. Taddei called this insoluble part of the 
viscid gluten of wheat Zimoma (from vy, leaven or ferment), and the 
soluble portion, which we have above described as gluden, he called 
Gliadine (from Nea, glue). When this form of vegetable albumen is 
‘subjected to the action of weak caustic potassa, it swells, softens, and~ 
dissolves: this solution, like that of animal albumen, gives precipitates 
with most of the earthy and metallic salts, and is not permanently preci- 
pitated by phosphoric or acetic acids, but the stronger acids coagulate it. 
‘When vegetable albumen has been dried, it is no longer soluble in acetic 
and phosphoric acids, but swells up and becomes transparent, and if then 
boiled in water, it increases in bulk and loses its yellow tint, but is not 
dissolved. Veg-albumen is insoluble in carbonated alkalis; it is precipi- 
tated from its solutions by carbonate of ammonia, by ferrocyanuret of 
‘potassium, and by tincture of galls. Corrosive sublimate throws it down, | 
‘where there is no excess of acid present. 
Kirchoff and Saussure have made us acquainted with the remarkable 
action which gluten exerts upon starch. ‘Two parts of starch are mixed 
with 4 of cold water, and gradually added to 20 parts of boiling water; 
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a thick paste is formed, to which 1 part of finely-powdered gluten is 
added, and the mixture kept six or eight hours in a temperature between 
120° and 170°; under these circumstances it becomes thin, clear, and 
sweet; part of the starch is converted into gum and sugar, a little carbonic 
acid is evolved, but no oxygen absorbed, and on evaporating to dryness, 
the residue amounts to the joint weight of the starch and gluten employed. 
- Kirchoff has shown that a small quantity of gluten is capable of thus 
saccharizing a large quantity of starch, and has pointed out the applica- 
tion of this fact to the production of sugar in worts and wash, and the 
consequent formation of alcohol when such liquors are fermented. 
Gluten is a constituent of barley and rye; and a modification of it, 
under the name of legumine, is found in pease and beans. (See Einuor, 
Brrze.ius, and Braconnor, Ann. de Ch. et Ph., xxxiv. 68.) The gluten 
of barley is an important agent in the change which that grain suffers in 
conversion into malt, and the action of ground malt upon viscid starch is 
analogous to that of gluten. Payen terms the saccharizing principle of 
malt or barley diastase, and regards it as the agent by which starch is con- 
yerted into sugar during the germination of seeds and the expansion of buds. 
All seeds which form an emulsion with water, contain a principle 
analogous to, if not identical with, albumen: it has sometimes been 
termed emulsin. In almond-emulsion this substance is mixed with oil : 
it may be separated by boiling, by which it is coagulated, and the adherent 
oil may be abstracted either by ether, or by absolute alcohol: the residue 
is emulsin. (Albumino-caseum of Payen and O. Henry.) The curious 
mutual action of emulsin (or synaptase) and amygdalin is noticed in a 
subsequent section. (See Amygdalin.) 
__ The milk of the cow tree, which flourishes in the mountainous regions 
of Quito in America, and, according to Boussingault and Mariano de 
Rivero, closely resembles cow’s milk in taste and appearance, and the 
milk of the Carica Papaya, examined by Vauquelin, contain peculiar 
modifications of gluten; and the same substances may be extracted from 
other mi/ky juices of plants, instances of which will afterwards be adduced. 
; Yeast, which separates from must and wort during fermentation, has 
many of the properties of gluten. 
{ All the substances which have been mentioned in this section are so 
far analogous, that their aqueous solutions undergo, under favourable 
circumstances, changes resembling those of putrefying animal matter. 
The plants which bear cruciform flowers, also contain a similar principle, 
and hence the offensive stench that arises from them whilst rotting in 
heaps, and their efficacy as manures; it is apparently the presence of 
nitrogen, as one of the ultimate elements of these plants, that gives them 
their peculiarities, and tends to the production of ammenia during their 
decomposition; but the whole of this subject has been as yet only imper- 
fectly investigated. Gluten has been subjected to ultimate analysis with 
the following results. lee 398 Tatar . 
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PotiENIN.—The pollen of flowers contains a peculiar vegeto-animal 
principle, which was first distinguished by Fourcroy and Vauquelin in 
their examination of the pollen of the date tree, and afterwards by John 
in his analysis of the seeds of the lycopodium, and of the pollen of the 
tulip. It is insoluble in water, alcohol, ether, oils, and alkalis, and 
highly inflammable, so that when thrown into a flame it burns with a 
kind of deflagration; hence lycopodium is used to produce theatrical 
lightning, being much cleaner and more brilliant and rapid in its combus- 
tion than resin. When pollen is digested in caustic potassa it exhales 
ammonia, and when subjected to destructive distillation ammonia is one 
of the products. 


§ VII. Lenin. 


Tuts term is aptly applied to woody fibre, as it exists in the ligneous 
parts of trees and plants; but as with other proximate principles, there 
are several modifications of it, and although in its ordinary state it appears 
to be indigestible, it is easily modified by heat and other agents so as to 
be converted into gum and sugar; and in a highly-attenuated state of 
organization it forms an esculent, and probably nutritive part of many 
fruits and vegetables. As constituting the bulk of different woods, and 
as forming vegetable fibre, its applications in the arts of life are highly 
interesting and useful; its chemical properties therefore acquire a propor- 
tionate degree of importance. 

The term lignin is generally applied to the fibrous residue which 
remains after the different principles already enumerated, and others, 
afterwards to be described, are extracted by various solvents; hence inso- 
lubility in water, in alcohol, and in dilute acids and alkalis, is one of its 
more obvious characters. It is also recognised as the most durable pro- 
duct of vegetation, and the extreme perfection in which it is occasionally 
found in mummy-cases, in ancient buildings, as in the piles of bridges, 
and even in submerged forests, shows its power of resisting decay. When, 
however, it is long exposed to the joint energies of air and moisture, it 
often becomes pulverulent, acquiring a brown or gray colour, as we 
see in the rotten wood of very old trees. It is also liable to more rapid 
decay and disintegration under the influence, probably, of parasitic plants, 
especially where the place is damp, and air imperfectly admitted, as in 
cases of what is termed Dry-rot. In some cases it is entirely decom 
posed, leaving only a carbonaceous residue. 

The density, and other mechanical properties of wood, are very 
various; its texture is porous and vascular, and what is usually termed 
fibrous, so that it splits more easily in one direction than in another. In 
its ordinary state, exclusive of lignin, it contains various soluble and other 
matters, which confer upon it various characters as to colour, smell, taste, 
and uses, and the proportion of these varies in the same tree at different 
seasons, and at various periods of its growth. The recent wood of trees 
loses by drying, and by the action of ordinary solvents, from 1 to 10 per 
sent... About 95 per cent. of lignin is the average produce of the common 
woods. ‘The apparent low specific gravity of wood is referable to its 
porosity, the density of lignin, or of wood free from air, varying, appa- 
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rently, from 1:4 to 1°58. There area few of the heaviest woods, such 


as box, guaiacum, and ebony, which are, in their ordinary states, denser 
than water. | 

Chlorine gradually bleaches lignin, and the varieties of wood and 
woody fibre may in this way be rendered perfectly white, as in the pro- 
cess for bleaching linen and cotton, in which, by the alternate action of 
weak acids and alkalis, and exposure to light, air, and moisture, or by 
the occasional employment of chloriné or its compounds, the colouring 
matters are gradually abstracted or decomposed. Concentrated sulphuric 
acid gradually converts wood into a modification of gum, care being taken 
to keep it cold; and when diluted and boiled, sugar is formed, as observed 
in regard to starch, so that linen rags may be thus converted into sugar™, 
When sawdust and sulphuric acid are heated together, a black magma 
is produced, which, on dilution with water, deposits between 40 and 50 
per cent. of carbonaceous residue. Nitric acid tinges wood yellow, and 
gradually disintegrates and decomposes it, producing oxalic acid. Paper, 
which is merely another form of lignin, is gelatinized by cold sulphuric 
acid: cold nitric acid converts it also into a gelatinous pulp, which is some- 
times partially blued by iodine, and therefore appears to contain starch. 
Hydrochloric acid renders wood brown and black, but does not dissolve 
or further decompose it. The weak alkaline solutions exert scarcely any 
action on wood; but when heated with caustic potassa it is changed into 
a brown soluble matter, which appears to contain a peculiar extractive 
matter, like ulmin, and acetic acid. Wood combines with some of the 
salts, and othersit decomposes. It combines with alumina, when steeped 
in solutions of alum or acetate of alumina; and when digested in solution 
of corrosive sublimate, a compound results, which resists decay, under 
circumstances tending to rot unprepared wood. Sulphate of copper, 
sulphate of iron, and several other salts, are capable of forming analo- 
gous combinations. It is upon these attractions of woody fibre that the art 
of dyeing and of calico-printing mainly depend, for linen and cotton are, as 
I have already observed, mere modifications of lignin: paper also is made 
of linen or cotton rags; and hay, straw, leaves, and shavings of wood may, 


_ by proper means, be reduced to a pulp capable of being formed into paper. 


The action of heat upon wood, under different circumstances, is 
extremely interesting, as the following outline of this part of its history 
When wood is thoroughly dried at a temperature of about 220° 
it shrinks and splits, or if in powder loses variably in weight, depending 
upon its humidity: it again absorbs moisture from the air. When wood 


* We are indebted to M. Braconnot 
for some highly-inter esting experiments, 
relating to the action of sulphuric acid 
on wood. (Ann. de Ch. et Ph., xii. 172.) 
In the course of these ye Eo he 
triturated 25 parts of hempen cloth with 


- 84 of the acid: it acquired the consis- 


tency of mucilage, which, after 24 hours, 
was almost entirely soluble in water. 


_ The diluted liquor was saturated with 


chalk, filtered, and evaporated to the 
consistency of syrup; it deposited sul- 


phate of lime, and was then further 
evaporated to dryness, when a sub- 
stance, having the characters of gum, 
was obtained. In another experiment, 
24 parts of lignin were reduced to gum 
by 34 of sulphuric acid; this acid mix- 
ture, diluted with water, and boiled for 
10 hours, became sweet; the acid was 
then separated by chalk, and the liquor, 
on due evaporation, afforded a crystal- 
lizable sugar. 


* 
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is carefully baked, so as to become of a pale-brown colour, it acquires _ 
solubility in water to some extent, yielding a brown infusion, which, 
when carefully prepared, tastes and smells like toast and water: and, : 
indeed, under proper management, it may be converted into a palatable 
and nutritious bread. Something of this kind is used by the peasantry 
of Norway and Sweden; and the following directions are given for the 
purpose by Professor Autenricth of Tubingen; he employed beech and 
similar woods, destitute of turpentine. ‘In the first place, everything 
that was soluble in water was removed by frequent maceration and 
boiling. The wood was then reduced to a minute state of division, that 
is to say, not merely into fine fibres, but actual powder; and after being 
repeatedly subjected to the heat of an oven, was ground in the usual 
manner of corn. Wood thus prepared, according to the author, acquires 
the smell and taste of corn flour. It is, however, never quite white, but 
always of a yellowish colour. It also agrees with corn flour in this — 
respect, that it does not ferment without the addition of leaven, and in 
this case sour leaven of corn flour is found to answer best. With this it 
makes a perfectly uniform and spongy bread; and when it is thoroughly 
baked, and has much crust, it has a much better taste of bread than 
what in time of scarcity is prepared from the bran and husks of corn. 
Wood flour also, boiled in water, forms a thick, tough, trembling jelly, — 
like that of wheat starch, and which is very nutritious.” (Prout, Phil. 
Trans., 1827.) 3 

When wood is burned in the air, it affords large quantities of inflam- 
mable gases which produce flame and render it a valuable fuel; and if 
decomposed with a partial access of air only, it leaves common charcoal, 
the relative proportions of which, as afforded by the different kinds of 
wood, haye already been noticed. Subjected to destructive distillation in 
close vessels, water, empyreumatic oil and tar, pyroxylic spirit, and acetic 
acid, together with gaseous compounds of carbon and oxygen, and carbon 
and hydrogen, are the results. These, and the various products into 
which they are resolvable, have lately attracted the attention of several — 
chemists, and will require more detailed notice. 


Untimate Composition or Licnin.—With regard to the ultimate 
elements of lignin, Gay Lussac and Thenard first rendered it probable 
that the hydregen and oxygen in this principle exist in it in the propor-- 
tions in which they form water. The variety of forms in which lignin 
occurs in different woods is so great as to render a separate examination 
of each of them impossible; Dr. Prout, therefore, selected two for the 
purpose of analysis, viz., the woods of the Box and Willow, which ap- 
peared to present the greatest contrast; the one being amongst the densest, 
the other the lightest of the woods. These were both treated exactly in 
the same manner; that is to say, they were first reduced to the form of a 
coarse powder by rasping, then well pulverized in a Wedgwood mortar, 
and afterwards sifted. Being by these means reduced to the form of — 
impalpable powders, they were boiled in repeated portions of distilled 
water, till that fluid came off unchanged. After this they were similarly 
treated with alcohol, and finally again with distilled water. They were ~ 
now exposed to the atmosphere, when in a dry and favourable state; and 
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— when they ceased to lose weight were submitted to analysis, and found to . 


yield pate foreign matters) 
Box. Willow. 
Carbony {+ 2 oe oa 4257" oh9, he eG 
Water! o,\ i; eee a, A gS 


100°0 100°0 


A known weight of each was then exposed for twenty-four hours to a 
temperature of 212°, and afterwards for six hours longer (by means of an 
oil-kath) to a temperature between 300° and 350°; and at the end of this 
time the box had lost 14°6 and the willow 14:4 per cent. Analyzed in 
this state of desiccation, they were found to consist of 


Box. Willow. 
Carbon she, 't. S070 peice 406 
Water Jt.) 500. 0 1. 502 


100°0 100°0 


showing that the loss of weight arose from the escape of water. These 
latter results nearly agree with those of Gay Lussac and Thenard, as 


obtained from the analyses of the woods of the Oak and Beech, and seem 


to show, beyond a doubt, that the composition of all of them is similar, 
or that they consist of equal weights of carbon and water; to which 
simple analogy, Dr. Prout observes, this important principle probably 
owes its stability. 

We have no satisfactory data from which the proximate atomic weight 
of lignin can be inferred, so that assuming it at its lowest equivalent, it 


may be regarded as composed of 
: Gay Lussae 


Prout. and Thenard. 
Carbon D8 va oul ees at eee Ce a AQ°EO Ne? ae ees 
Hydrogen, 12° ;. pais say a OCR sca Pp On + > Soe oe 
Ox eal oe ick Se toe Reet Ge Se 4G. et 1. LADS 
Lignin 1 36 100°00 100°00 100°00 


The Preatmaie Vegetable Principles now examined constitute the 
principal nutritive ingredients i in vegetable food, and with the exception 
of gluten and albumen, appear to be, in reference: to ultimate composition, 
hy ydrates of carbon. - 

The following table, drawn up by Sir H. Davy, exhibits the relative 
proportions of soluble matter contained in 1000 parts of the different 
vegetable substances enumerated in the first column (Agricultural Che- 
misiry, 4to., p. 131):—The deficiency may be considered as water, and 


Inert ‘ame substances; and the soluble matters may be regarded as 


those upon which the nutritive powers of the different vegetables depend. 
The relative quantity of nitrogen contained in several of the articles of 
this table has been ascertained by Boussingault. (Ann. de Ch. et Ph., 
Lxvil. 408.) 
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ae ee Mucilage | Saccharine|} Gluten le ged ‘4 
VEGETABLE SUBSTANCES. Soluble or or Matter or or ed insoluble 
y tachi Starch. Sugar. |Albumen. pices. A 

Middlesex wheat, aver. crop 955 765 se 190 _— 
Spring wheat. ‘ ; 940 700 — 240 oe 
Mildewed wheat of 1806 . 203 171 = 32 — 
Blighted wheat of 1804 é 650 520 — 130 ae 
Thick-skinned Sicilian wheat . 

” DETERRENT S Ge va v < das 
Thin-skinned Sicilian wheat m ‘ 

pragid (cs wena i vo ie fe iad des 
Wheat from Poland ‘ 950 750 — 200 — 
North American wheat , 955 730 — 225 — 
Norfolk barley ; : 920 790 70 69 — 
Oats from Scotland . , 743 641 es 87 — 
Rye from Yorkshire ; 792 645 38 109 — 
Common beans . ‘ ‘ 570 426 — 103 4} 
Dry pease : ; , 574 501 22 ‘ “ 16 

from 260 [from 200 |from 20 |from 

Potatoes » + +  sNe'a00 to 185 | to 15 | to 30 
Linseed cake . 3 ‘ 151 123 11 17 
Red beet . ‘ ; ‘ 149 14 121 14 — 
White beet ; ; , 136 13 119 4 
Parsnep . : : ; 99 a 90 = 
Carrots. : : ; 98 3 95 a — 
Common turnips. : 42 7 34 i — 
Swedish turnips . ‘ ‘ 64 9 51 2 2 
Cabbage . : : , 73 41 24 8 — 
Broad-leaved clover . : 39 31 3 2 3 
Long-rooted clover . ° 39 30 4 3 2 
White clover. . é : 38 29 1 3 5 
Sainfoin . ‘ “ee a 39 28 2 3 6 
Lucerne. ; : é 23 18 1 ae 4 
Meadow fox-tail grass. 33 24 3 = 6 
Perennial rye grass. : 35 26 4 = 5 
Fertile meadow grass. 78 65 6 = 7 | 
Roughish meadow grass. 40 29 5 aa 6 
Crested dog’s-tail grass. 35 28 3 oe 4 
Spiked Fescue grass. : 19 15 2 =r 2 
Sweet-seented soft grass . 82 72 4 = 6 
Sweet-scented vernal grass . 50 43 4 — 3 
Fiorin . ; . : 54 46 5 1 2 
‘Fiorin cut in winter... 76 64 8 l 3 


§ VIII. Vecerasre Extract. ULMIn. 


Unver the term’ extract, the pharmaceutical chemists originally 
included all substances capable of being extracted from vegetable pro- 
ducts by decoction in water, and of being obtained in a solid form by 
evaporation. It might of course contain all the preceding substances 


included in this chapter, and others afterwards to be mentioned; its pro- 


perties were therefore extremely various and indefinite. They afterwards 
endeavoured to distinguish its varieties by the terms bitter, sweet, muci- 
laginous, astringent, narcotic, colouring, and resinous extracts, &c.; but 


aA 
om 


by the generic term extract. 
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in general, any brown residue obtained by boiling down the decoctions, 
or infusions, or even the expressed juices of vegetables, was distinguished 
Boerhaave first pointed out the existence 


of a peculiar substance in these extracts, soluble both in alcohol and in 


water, which he called Materia hermaphrodita. Scheele called it Materia 
saponacea; and Vauquelin afterwards gave the name extractive matter to 
what he regarded as a peculiar vegetable principle, soluble in water and 
alcohol, insoluble in ether, and becoming insoluble in water by long- 
continued boiling, and by exposure to light and air. 

It seems probable that the brown extractive, obtained by the above 
processes, is not pre-existent in the vegetables whence it is obtained, but 
principally a product of the action of heat, water, air, and other agents; 
the different colouring-matters of plants have also been termed coloured 
extractive, but these we shall consider separately*, It will also be found in 
regard to many of the pharmaceutical extracts, that their activity resides 
in some peculiar and distinct proximate product, mixed with other unimpor- 
tant and inactive substances, and these must also be distinctly considered. 


_Uimin.—The term extractive is perhaps most appropriately applied, 
in a strict chemical sense, to the peculiar brown matter which may be 
extracted from bog-earth, peat, and turf; it is frequently termed humus, 
or humine, (Moder of the Germans, Géine of Berzelius.) There is also 
a brown exudation found upon the barks of trees, and especially of the 


elm, and hence called udmin, which contains a similar matter combined 


with potassa. Lastly, the action of heat, acids, alkalis, and some other 
chemical agents, upon a variety of organic products, is attended by the 
production of more or less of a similar matter. As it combines with 
bases, Boullay terms it wlmic acid; and according to him, the brown 
matter occasionally produced by the decomposition of hydrocyanic acid, 
contains it united with nitrogen; this he calls azulmic acid. (Ann. de Ch. 


et Ph., xuiil. 273.) He represents ulmin, or ulmic acid, as a compound 


of 56°7 per cent. carbon, and 43°3 hydrogen and oxygen in the proportions 
to form water: he considers it as the most important ingredient in the 
soil as relates to its nutritive powers. Malaguti is quoted by Dumas 
(Chim. app. aux Arts, v. 399), as having obtained crystallized ulmic acid 
by the long-continued action of very dilute nitric acid upon sugar at a 
boiling heat. 

Ulmin, or ulmic acid, may be obtained by digesting the brown exuda- 
tion of the elm in boiling water, and precipitation by an acid. Rotten 


leaves, bog-earth, wood-soot, or turf, may be digested in a weak solution 


of caustic or carbonated potassa, by which a brown liquid is obtained 
(ulmate of potassa), from which acids throw down ulmin. Braconnot 


* In preparing eviracts for pharma- 
ceutical use, the greatest care must be 
taken to avoid injuring them by heat, 
and they should accordingly be eva- 
porated in a water-bath, or by steam not 
exceeding 212°. It is easy to evaporate 
at lower temperatures, as in vacuo, or 
even over sulphuric acid, and many of 


the extracts used in medicine may be so 


obtained, of much greater activity than 
when prepared in the usual way: but 
for medical use this is perhaps not de- 
sirable ; uniformity is the great object, 
and whether half a grain or two grains 
of the more powerful extracts is a dose, 
is of less importance than the certainty 
that they are as far as possible of a given 
power, . 


ee 
v 
~) 
ta 
eat 
> 
ye 
‘ 


1100 BITTER EXTRACTIVE. 


procures it (Ann. de Ch. et Ph., xii. 192) by heating equal weights of p 
caustic potassa and sawdust, or shavings of wood, with a little water, in 

a silver crucible, continually stirring the mixture: when it suddenly 
boils up, it is removed from the fire, and stirred till cold, so as to expose 

it as much as possible to the air, for the formation of ulmic acid in this 
case depends upon the absorption of oxygen. When cold, the product is 
dissolved in water, filtered, and decomposed by diluted sulphuric acid; 
the precipitated ulmic acid is then washed and dried. 

Ulmic acid varies in appearance according to its state and source: 
when recently precipitated it is in brown flocks; but when dried, brittle 
and resin-like. It is nearly tasteless, almost insoluble in water, but com- 
municates a brown tinge to it. Sulphuric acid dissolves it, but lets it fall 
on dilution, and it then retains a little acid: it combines and forms soluble 
compounds with the alkalis; with the alkaline earths, and many of the 
other oxides, it produces combinations which are insoluble or difficultly 
soluble; but the characters of these compounds, as given by different 
authorities, are much at variance. Some of the metallic salts precipitate 
it so completely as to leave the supernatant liquid colourless. Some of 
its compounds form useful pigments (Umbers are of this description ?) 
and may be employed in dyeing and calico-printing. 


Birrer Extrractive.—Whether any peculiar organic product does or 
does not give rise to the bitter flavour of many of the pharmaceutical 
extracts, such as those of quassia, wormwood, cenlaury, and others, from 
which no distinct crystallizable substance has hitherto been obtained, or 
whether it is a property belonging to extractive, without conferring upon 
it any distinctive character beyond that of bitterness, are questions which 
still remain to be decided. The existence of the intensely bitter and 
definite compounds celled vegeto-alkalis, leads to the suspicion of some 
analogous source of bitterness in other cases, but there are many plants 
in which these cannot be detected, and in which the bitterness seems to 
reside in a principle having the essential characters of extractive. ‘The 
following are some of the most important of them. 

Aloe-bitter. The substance known in commerce under the name of 
aloes, is the extract of several species of aloe, such as the spicata, vulgaris, 
&e. It is brown, sometimes translucent and sometimes opaque, and of _ 
a peculiar odour, especially when breathed upon: it is almost entirely 
soluble in water and in common alcohol; the portion insoluble in water 
has not the characters of a resin, but appears to be oxygenized extractive. 
When its aqueous solution is cautiously evaporated it leaves a brown 
residue, soluble in water, but insoluble in ether and in anhydrous alcohol. 
Chlorine throws down from its aqueous solution a brown substance, 
resembling the original insoluble part. Sulphuric acid dissolves it with- 
out apparent change; cold nitric acid dissolves it and acquires a greenish 
tint, and when the solution is heated malic and oxalic acids are formed, 
and a red resinous substance, of an agreeable odour. When I part of 
aloes is dissolved in 8 of nitric acid, and evaporated to dryness, the 
residue is yellow and intensely bitter; it deflagrates when heated, and 
communicates a deep purple tint to water, and to alkaline solutions. It 
forms yellow solutions in the acids, and is not precipitated by the salts 
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which throw down unaltered extractive. (Braconnot, Ann. de Ch. et 
hs, Lxviii. 24,).. °° 

From rhubarb-root, squills, briony, gentian, and several other drugs, 
bitter substances have been extracted, but none of them are possessed of 
sufficiently distinctive characters to enable us to consider them as prozi- 
mate bitter principles: such as are most definite, or erystallizable, will be 
noticed in another section. 

Artificial Bitter.—By digesting indigo, silk, and a few other sub- 
stances, both of vegetable and animal origin, in nitric acid, an intensely- 
bitter matter is formed, called by Welther the yellow bitter principle. 
(Ann de Ch., xxix.) Chevreul has rendered it probable that this is a 
compound of a peculiar product with nitric acid. It is erystallizable, 
burns like gunpowder, and detonates when struck with a hammer. 


§ IX. Asrrincent Extractive. Tannin. Tannic Actp. 
Gattic Acip. Exnvaaia Acim. Pyrocauuic Acip. Meracanuic Act. 


THERE are numerous vegetables which have more or less of an astrin- 
gent flavour, and of which the aqueous decoctions or infusions occasion a 
precipitate in solutions of animal jelly, and in those of several metallic 
salts: they change the persalts of iron to dark blue or dingy green. These 
well-marked properties have been long ascribed to a peculiar proximate 
principle, designated tannin, as being essential to the conversion of skin 
into leather: its power of combining with salifiable bases led some chemists 
to term it an acid, and it appeared in many cases to be associated with, 
and sometimes apparently a modification of gallic acid, It has, however, 
been obtained in a distinct form by Pelouze (Ann. de Ch. et Ph., Liv. 
337), and its characters are such that it may be appropriately termed 
tannic acid. But the properties of the vegetable infusions and decoctions 
containing astringent matter, are not solely referable to tannic acid, but 
appear to depend upon its association with extractive, and in some cases 
with gallic acid; hence the varied effects which they produce when tested 


by the above-mentioned reagents, and the division (adopted by some 


chemical authors) of astringents into two classes, namely, those pro- 
ducing blue or black, and those producing green precipitates with persul- 
phate of iron. 

The relative proportion of tannin, in different vegetables, may be tole- 


rably-well judged of by the weight of the precipitate which they afford in 
a strong solution of isinglass. The following table, by Cadet, shows the 
relative weights of the precipitates formed by an infusion of 100 parts of 
the respective substances. 


 Galls . : : : 86 | Weeping-willow bark : . 16 
Tormentil root : ° MitoO Bohemia olive bark. : 16 
Alder bark : ‘ : 36 Bark of Coryaria myrtifolia oSenedich 
Apricot bark ne j + 232 Bark of Rhus typhinum 7 10 
Pomegranate rind 5 : 32 | Grecn acorn cups . . . 10 
Oak bark : : : ap Service-tree bark : : 8 

-Cherry-tree bark fs : 24 Horse-chestnut bark 7 ae | 
Bark of the Cornus mascula . 19 | American sumach bark. : 6 


~ Plane-tree bark , . 16 


— 
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In the following table, the first column shows the whole quantity of 
extract obtained from 100 parts of the different substances, and the second . 
column the proportion of tannin in that extract. (Davy.) 


Tan con- | Tan con- 
Extract. tained init. ; Extract. tained in it. 
Galls eT EP EE Entire willow bark . . . .- 22 
Inner bark of oak = ws wss«d' Sumach > es ee ee. ee 
horse-chestnut . 185 . 152 Souchong tea . . . 325 . 100 
Entire oak bark . . °12°77 . 63 Greew tea. veo e bs ye ee 
horse chestnut do. 11:0. 43 Catechu from Bombay . . . 9543 
elem park’: 8 vais fase wphhe Vee Bengal . + «+: 464 


The average quantity of tannin in 480 lbs. of different barks, is as 
follows. (Davy, Agricul. Chem.) 3 


ib. ib 


Entire bark of middle-sized oak, cut Entire bark of Lombardy poplar 15 
in spring : : . 29 Birch . . : . ear 

—— Spanish chestnut . ° . 21 | — Hazel : : . ‘ 14 

Leicester willow, large size 33 | —— Black-thorn . , ° . FG 
——Elm . : : 4 13 |—— Coppice oak : . 32 
—— Common willow, large ° 11 | —— Oak, cut in autumn : a2 
Say) ae . . . 16 Larch, cut in autumn ; 8 
—— Beech : : ° P 10 | White interior cortical layers of oak 
—— Horse-chestnut . : Ce bark 4 el é q2 
—— Sycamore . . : 11 


' The infusions and decoctions of vegetables containing tannin, not only 
affect solutions of jelly and of peroxide of iron, as above stated, but they 
also precipitate the salts of lead, tin, copper, and indeed of most of the 
metals: these precipitates are of variable composition, and often contain 
extractive, and tannin and gallic acid. 

The following plants contain the modification of tannin which renders 
solutions of peroxide of iron deep-blue. (Gmeuin.) Galls; the rools of 
Lithrum salicaria, Geum urbanum and rivale, Potentilla argeniea and 
anserina, Sanguisorba officinalis, Poterium sanguisorba, Alchemilla vul- 
garis, Arctium lappa, Polygonum bistorta, Iris pseudacorus, Nymphwa 
alba; the wood of the oak, and many other trees; the bark of different 
species of oak; the twigs of the black currant and of sumach; the leaves 
of oak, Uva ursi, and many others; the petals of pomegranate, Rosa 
gallica, and Paonia officinalis. 1s 
-. The tannin which gives a green precipitate with persalts of iron, is 
found in catechu and in kino; in the roots of the ZYormentilla erecta, 
Potentilla reptans, Rosa canina, Rheum rhaponticum, &c.; in the 
different species of Cinchona bark, in cinnamon, cassia, and in horse- 
chestnut bark; in the leaves of Salvia officinalis, Lanium album, Glecoma 
hederacea, &c.; in the varieties of tea; in the flowers of Tilia Europea, 
Centaurea cyanus, and Arnica montana; in horse-chestnuts, date- 
stones, &c. | 

Several processes have been suggested for the separation of pure 
tannin from the solutions in which it is combined with other vegetable 
principles; they generally consist in throwing it down in combination 
either with sulphuric acid, which is afterwards abstracted by carbonate 
of lead or carbonate of baryta; or by subacetate of lead, or chloride of tin, 
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the tannates of lead or tin, which fall, being afterwards decomposed by 
sulphuretted hydrogen. In these cases, solutions of a more or less pure 
tannin are obtained, which are filtered through animal charcoal, and 
cautiously evaporated. But tannin, as we shall presently find, is very 
prone to change, and the action of acids, bases, salts, and sulphuretted 
hydrogen, probably tend to modify it; hence the preference due to the 
following process, suggested by Pelouze, and which appears unexception- 
able. The lower opening of an elongated glass vessel is loosely closed by 
a piece of linen, or a plug of tow, and it is then half filled with powdered 
galls gently pressed down: common ether (hydrous ether) is then poured 
in, and the upper orifice being closed so as to admit a little air, but pre- 
vent evaporation, it slowly filters through the galls into the vessel under- 
neath, where it forms two distinct liquids; the one light and very fluid, 
the other more dense and slightly yellow; more ether is poured in above 
till the lower stratum of liquid no longer is increased in quantity. The 
liquids are then poured into a funnel, the tube of which is at first stopped 
by the finger, and, when they have separated into two portions, the 
heaviest is drawn off into a capsule, and the lighter put aside for distilla- 
tion, it being chiefly ether. The denser liquid is then purified by wash- 
ing it with anhydrous ether, from which it is separated as before, and ulti- 
mately evaporated in a stove, or under the receiver of the air-pump; a 
spongy product is obtained, not erystalline, white, or with a slight yellow 
tint, and amounting to from 35 to 40 per cent. of the galls employed. It 
is tannin, as pure as it can be procured*. 


Tannic Aci, or Tannin, in this state, is eminently astringent, with- 
out any bitterness, inodorous, and, though very sparingly soluble in water, 
the solution reddens litmus. It decomposes the alkaline carbonates with 
effervescence, and forms insoluble precipitates in the greater number of 
metallic solutions, which are true éannates. The pure protosalts of iron 
are not altered by it, but in the persalts it occasions an abundant dark- 
blue precipitate. It is less soluble in anhydrous alcohol and ether than 


* Artificial Tannin.—Mr. Hatchett has 
shown that a species of tannin may be 
formed artificially by digesting charcoal 


36 tannin 
64 gclatine 


in dilute nitric acid during several days ; 
it is at length dissolved, and a reddish- 
brown liquor is obtained, which fur- 
nishes, by careful evaporation, a brown 
glossy substance, amounting to about 120 
parts from 100 of charcoal. 

This artificial tannin differs in one cir- 
cumstance from natural tannin, which 
is, that it resists the action of nitric 
acid, by which all the varieties of na- 
tural tannin are decomposed, though 
some are more capable of resisting its 
action than others. 

Artificial tannin has a bitterish astrin- 
gent taste, is soluble in water and alcohol, 
and forms an insoluble precipitate in so- 
lutions of animal gelatine, the precipitate 
consisting, according to Mr, Hatchett, of 


100 
Hydrochloric and sulphuric acids occa- 
sion brown precipitates, in solution of arti- 
ficial tan, which are soluble in hot water. 
It combines with the alkalis, and forms 
a precipitate of difficult solubility in 
aqueous solutions of lime, baryta, and 
strontia, and most metallic solutions: 
these precipitates are of a brown colour. 

A variety of artificial tan is formed by 
digesting camphor and resins in sul- 
phuric acid, till the liquor becomes black, 
and on being poured into water, deposits 
a black powder, which, by digestion in 
alcohol, furnishes a brown matter, solu- 
ble in water, and forming an insoluble 
precipitate with gelatin, (Hatcuerr, 
Phil, Trans., 1805, 1806.) 
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in water. It cannot be crystallized. It burns upon platinum-foil without 
‘residue. Its concentrated solution is precipitated white by hydro- 
chloric, nitric, sulphuric, phosphoric, and arsenic acids: it is not affected 
by tartaric, oxalic, lactic, citric, acetic, succinic, selenious, or sulphurous 
acids. Heated with nitric acid it is rapidly decomposed, and oxalic acid 
is formed. With cinchonia, quinia, morphia, codeia, brucia, and strych- 
nia, it forms white precipitates, sparingly soluble in water, but very 
soluble in acetic acid. 3 

The aqueous solution of tannic acid may be long preserved without 
change, provided air be excluded, but in open vessels it absorbs oxygen, 
evolves carbonic acid, becomes turbid, and deposits gallic acid, into 
which, therefore, it is converted; this is the reason why recently-prepared — 
infusion of galls precipitates several substances (in the form of tannates) 
which it will not throw down after long exposure to air, its tannin having 
then passed into gallic acid. This is especially the case with solutions of 
morphia, the tannate of which is insoluble, but the gallate, soluble. 

‘Tannin forms a white precipitate in solution of gelatin (tannogelatin), 
which, when carefully dried, becomes hard and tough; if gelatin predo- 
minate, the precipitate may be redissolved by heat in the supernatant 
liquid; but if the tannin be in excess, the precipitate becomes elastic and 
agglutinated. Tannogelatin dried at 212° consists of about 54 tan, and 
46 gelatin. Tannin cannot, in this way, be wholly separated from its 
solutions by a solution of gelatin, but when a piece of skin, previously 
cleansed and soaked in lime-water (as it is prepared for tanning) is used, 
it absorbs the whole of the tannic acid, leaving in solution any gallie acid ~ 
that might have been present. ‘Tannin precipitates albumen and vege- 
table gluten. 

When gelatinous alumina is agitated with solution of tannin, it rapidly ~ 
absorbs it, forming an insoluble precipitate, and the filtered liquor does 
not discolour persulphate of iron: this is not the case with gallic acid. 

When tannin is subjected to the temperature of boiling oil, water, 
carbonic acid, and metagallic acid are formed. Dried at 240° it is not 
decomposed, but becomes anhydrous. In this state it consists of* 


Berzelius. Pelouze. 
mean of 4 expts. 
Carbon. 2.18. -. 108 + . .60°70.. 9. 5269 "=. ore 
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1 213 100°00 100°00 100°00 


but its equivalent deduced from the neutral tannates, is 213 x 2= 426, so 
that our symbol tan’ represents (36 CAP +18 h+240)= 426. 

TANNATE of Porassa.—When solution of tannic acid is added toa 
solution of caustic potassa or its carbonate, a precipitate falls, scarcely 


soluble in alcohol or water; it forms a gelatinous compound when 
hydrated, and when dry, assumes an earthy aspect. 


TANNATE oF Sopa is more soluble than tannate of potassa. 


-* The tannin of catechu is said to contain less oxygen than that of galls: 
tannous acid? | 
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Tannates oF Baryra, Srrontra, and Lime, are difficultly soluble in 


water, but they dissolve in excess of tannic acid, and in acetic acid. 


TANNATE OF PeroxipE oF Iron. ( te @+U0+100N/.) Perrannate 


_ oF Iron.—This salt corresponds in composition with the best defined salts 


_ precipitate gelatin except an acid be added. 


of iron; it consists of 1 atom of peroxide of iron, and 14 of tannic acid. 
It is important, as constituting the basis of common writing ink*, 


TANNATE OF Lrap (pl+ 0) +(3car+18h +24 0) or (Pt+ fa’) is 
formed by dropping a solution of nitrate or of acetate of lead into a solu- 
tion of tannic acid, leaving the latter in excess. It is white and insoluble, 
and, if neutral, as it probably is, it consists of 


Berzelius. 
Oxia@obleade ue IO sae} 7 o4°21 
Tannic acid ey sore 2s QF pont a GBS ¢ 65°79 
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_ Tannate or ANtTIMoNY.—The compound of tannic acid with prot- 
oxide of antimony is thrown down from a solution of emetic tartar, in the 
form of an insoluble white gelatinous precipitate. 


GENERAL CHARACTERS OF THE TANNATES.—The salts of the tannic 
acid are mostly of difficult solubility; those which are soluble do not 
With the white oxides the 


_ pure tannates are white; with the coloured oxides, variously coloured. 


Infusion of galls, or a solution of tannic acid, are often used as reagents, 
indicating, by the colour of the produced precipitate, the nature of several 


of the oxides. 


The test should be applied to neutral solutions, for the 


effect is modified by the presence of free acids. 
In the following Table of these precipitates by infusion of galls, the 
first column contains my own results, the second those given by 


Dumas :— 


* In making good Writing Ink, the 
great object is to regulate the proportion 
of sulphate of iron to the galls. If it be 
in excess, although the ink may at first 
appear black, it becomes subsequently 
brown and yellow. Hence, some time 
' should elapse before ink is used after the 
ingredients are put together, in order to 
be tested from time to time, and the 
combinations perfectly regulated. Gum 
is added to retain the colouring matter 
in suspension, to prevent too great 
fluidity in the writing, and to protect 
_the vegetable matter from decomposi- 
tion. Logwood, and other vegetable 
astringents, have been tried for atramen- 
tal purposes, but do not yield a perma- 
nent ink. 
An excellent ink is obtained as fol- 
lows; but, if the paper has been made 
from inferior rags, bleached by an excess 
; 5 . 
_ of chlorine, ink, however good, will be 
i ultimately discoloured. 


i a. ; 


~ 


{ 


Aleppo galls 6 0z., sulphate of iron 
4 oz., gum-arabic 4 0z., water 6 pints. 
Boil the galls in the water, then add the 
other ingredients, and keep the whole 
in a wooden or glass vessel, occasion- 
ally shaken. In two months, strain, and 
pour off the ink into glass bottles, to be 
well corked. To prevent mould, add one 
grain of corrosive sublimate, or three 
drops of kréosote to each pint of ink. 
Sulphate of copper is occasionally added 
to ink, but is rather injurious than other- 
wise. 

A blue ink, or writing fluid, has lately 
been introduced: Iam not acquainted 
with its composition, but the colouring 
matter is said to be sulphate of indigo 
and tannogallate of iron. Mr. Stephens 
has also patented a blue ink, the colour- 
ing matter of which is Prussian-blue 
dissolved in water by means of oxalic 
acid, 
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TABLE OF METALLIC PRECIPITATES 


BY A STRONG INFUSION OF GALLS. 


METAL. | SOLUTION. | PRECIPITATE. 

ManGANnuse | Neutral protohydrochlorate | Dirty-yellow | 0 

Thow. . 2: Neutral protosulphate Purple tint | 0 

PUUtLO. 4 +s | Persulphate | Black | Blue-black _ 
ANC. 5's | Chloride | Dirty-yellow | 0 

AUN Ys. ee | Acid protochloride | Straw colour | Yellowish 
Ditto . . | Acid perchloride | Fawn colour | Ditto 

CapMIuM . | Chloride | a | 0 

CoprpmrR. , Protochloride Yellow-brown | 2 

CLOW. se | Nitrate Green | Gray 

Luan . . | Nitrate | Dingy-yellow | White 
Axtimony : ee eaten eng | Straw colour | White 

BisMuTH segree ? Riguiies and | Yellow, and copious | Orange 

CoBaLT. . | Chloride 0 Y ellow-white 
“Uranium, ‘ | Sulphate | Dark-brown : | Reddish-brown} 
TitaNIuM . | Acid hydrochlorate Brown-red | Blood-red 
Ditto’. 7, | Neutral sulphate | Blood-red | Ditto 

Crrium. . | Sulphate | Yellowish - | Yellow ) 
TELLURIUM | Chloride Yellow ‘ | Yellow i 
| Ansenic . | White oxide | Little change | 9 ae : 
Pitie i. | Arsenic acid | 0 ? 
| MoLyspENUM Chloride. | Brown | Brown 
Y Nickey : | Sulphate | Green | Yellow-green v 
Mercury . | Acid protonitrate Yellow | ? : 1} | | 
ABB hensive | Acid pernitrate | Yellow | ? | 
Ditto "2". | Corrosive sublimate | 0 | : ib 


Osmium. . Aqueous solution of oxide Purple becoming blue | Bluish-purple 


Ruyopium . bj | 


PALLADIUM | | 


Sinver . . | Nitrate | Curdy and brown | Dirty-yellow 


GCetm 6.5, | Chloride | Deep-brown | Brown 


PLATINUM , | Chloride | Brownish-green Dark-green _ 
a 


a 
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~Gauic Acip.—The researches of Pelouze have thrown much light on 
the nature and production of gallic acid, and have shown, that although 
it is found, in most cases, in vegetable products which contain tannin, it 
generally exists in small quantities only, and that in the usual mode of 
procuring it from galls, it is to be considered rather as a product, than an 
educt. ‘Two methods of obtaining this acid have been resorted to; in the 
one, heat is applied so as to sublime it; in the other, it is procured by 
exposure of infusion of galls to air; in the former case the acid, as we 
shall immediately see, is modified; in the latter, it is produced by the 
action of oxygen on tannin, and it is in this way that the purest gallic 

_acid may be obtained; as follows:— 

Mix powdered galls into a thin paste with water, and expose it for 
four or five weeks, at a temperature between 60° and 70°, to the action 
of the air, observing to prevent its desiccation by the occasional addition 
of water: it swells and becomes mouldy, and, at the end of that period, 
‘contains a large proportion of gallic acid: the paste is dried by pressing 
out the liquid, (which holds scarcely any gallic acid in solution,) whilst 
the residue is boiled in water; the solution thus obtained is filtered whilst 
hot, and as it cools deposits gallic acid, which may at once be purified 
by boiling it with about 8 parts of water and a fifth of its weight of 
animal charcoal: the filtered solution now yields pure crystallized gallic 
acid as it cools. 

In regard to the theory of this change, it has been observed above, 

_ that solution of tannin undergoes no change if excluded from oxygen; but 
if exposed to air, it slowly absorbs oxygen, giving out an equivalent volume 
of carbonic acid; so that, in a few weeks, the solution contains acicular 
crystals of gallic acid, formed at the expense of the tannin. 

Gallic acid crystallizes, in combination with water, in long silky 
needles, which effloresce and become anhydrous when duly exposed to a 
temperature of about 250°. When perfectly free from tannin, it does not 

affect a solution of gelatin; its taste is slightly acid and styptic, and it 
requires about.100 parts of water for its solution: it is somewhat more 
soluble in ether, and considerably more so in alcohol. According to 

_ Pelouze (Ann. de Ch. et Ph., tiv. 337) the equivalent of anhydrous gallic 

acid is 85=—(7 Car +3h+50), or it consists of 


Pelouze. 
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100°00 


Gallie acid 1 85 | 100°0 


me 


a. stall ic acl ists of 
4 and the crystallized gallic acid consists Bi 


oe Anhydrous gallicacid 1 . . 8 . . 904 « » 90°55 
‘es Water ries cendin's ene peta al 88 


Crystallized gallic acid 1 94 
-___- Proprrtirs or THE Sauts or Gatiic Acip.—The gallates have been 
‘but little examined, and much confounded with the tannates, The 
gallates of ammonia, potassa, and soda, are soluble, and colourless out of 


the contact of air, but absorb oxygen, and become brown. In these cases, 
A4D2 


—_———— 


100°0 100°00 
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and in the change which solution of gallic acid suffers, when exposed to 
air, Débereiner states that wlmin is formed. The gallates of lime, baryta, 
and stronlia, may be thrown down by the addition of gallic acid to the 
aqueous solutions of those earths, in the form of white powders, which 
redissolve in excess of the acid, and form silky prismatic crystals, un- 
changed by exposure to air. When these solutions, with excess of base, 
are exposed to air, they become discoloured. 

With persulphate of iron, gallic acid produces a dark-blue precipitate, 
much more soluble than the pertannate of iron. This precipitate slowly 
redissolves in the supernatant solution: in a few days it becomes almost 
colourless, the sulphuric acid gradually resumes the greater part of the 
oxide of iron from the gallic acid, which separates in crystals, and the salt 
of iron contains a protoxide, in consequence of the decomposition of a 
portion of the gallic acid. These changes occur in a few minutes when 
the liquid is boiled. With solution of nitrate, or acetate of /ead, gallic 
acid forms a permanent white precipitate, composed of | 


Oxide of lead 10 SF ae. oe 
Galliesatia. ice 1 a. St) 0b ado d 
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Gallate of lead 1 197 100°0 


Etracic Actp.—This term, derived from the word galle, read back- 
wards, has been applied by Braconnot (Ann. de Ch. et Ph., ix. 181) toa 
substance produced along with gallic acid, by the exposure of moistened 
galls to air, Being insoluble in boiling water, it remains after the gallic 
acid has been extracted; and it may be dissolved out of the residue, by 
the action of a very weak solution of potassa, from which dilute hydro- 
chloric acid throws it down in the form of a tawny powder, tasteless and 
almost insoluble. It does not decompose the alkaline carbonates, even 
at 212°. When a solution of potassa is dropped upon it, heat is produced, 
and it perfectly neutralizes the alkali: this salt, and that of soda, is solu- 
ble: but the ellagate of ammonia is, under all circumstances, nearly 
insoluble. Nitric acid forms a red solution with ellagic acid and changes 
it into oxalic acid. According to Pelouze, anhydrous ellagic acid is 
represented by the equivalent 76 = (7 Car+2 h+40), or | 

Carbon “ts «7, SA AQ. Shas 

Hydrogen 2 ete deeper Ole aero 
Oxygen A= PTSS Oe My edie 
1 


Ellagicacid 76 100°0 


Pyrocatiic Actp.—This acid, first noticed by Deyeux (Jour. de Ph., 
xii. 416), has since been studied by Braconnot (Ann. de Ch. et Ph., XLYi. 
206), and by Pelouze ([did., tiv. 337). It is, as its name imports, pro- 
duced by the action of heat upon gallic acid, but a particular temperature 
is requisite for its formation, which Pelouze determined, by heating the 
retort containing the gallic acid in an oil bath, to be between 410° and 
420°; a little above that heat no pyrogallic acid is produced, but another — 
distinct product, which has been called mefagallic acid. ‘The prepara- 
tion, therefore, of pyrogallic acid requires much care as to temperature; 
it is best produced by half-filling a small retort with gallic acid, and 
heating it through the medium of an oil-bath with an immersed thermo- 


£ 
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meter. It sublimes in the form of white and brilliant lamellar and 
anhydrous crystals, very soluble in water, alcohol, and ether, and slightly 
reddening litmus. Exposed to air, its aqueous solution gradually acquires 
colour, and in the course of some days, is entirely resolved into what 
appears to be wlmin. It fuses at 247°, and boils at 410°, yielding a 
colourless vapour of a slightly balsamic odour: at 480° it blackens, and 
ig resolved into metagallic acid and water. Pyrogallic acid has been 
analyzed by Berzelius under the name of gallic acid, and also by Pelouze: 
their experiments indicate its formula to be (6 car +3Ah+3 0), or 
Berzelius. Pelouze. 
Carbon Gos cf OOca eh OF Tt ys SOG OLR ER. ee STG! 
BIVOROpCI Se OP's. aes a a 7TO LO oie FOOe ee a0 
Oxygen 3 240% PO3810 tyr SOG: an 37-69 
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63 160°00 100°00 100°00 


Pyrogallic acid 


PyrocattaTes.—Ammonia, soda, and potassa, form soluble pyro- 


gallates: that of potassa crystallizes in white rhomboidal tables. Pyro~ 


gallic acid produces no precipitate in lime, baryta, or strontia water. 


According to Braconnot it instantly reduces persulphate of iron to proto- 


sulphate, and the liquid acquires a reddish-brown tinge, without depositing 
any precipitate. If, instead of the free acid, a pyrogallate be used, or 
hydrated peroxide of iron, an intense blue precipitate falls. Protosulphate 


_of iron produces an immediate blackening. 


Meracatiic Acipy.— When tannic or gallic acid is rapidly heated up 
to 480°, carbonic acid: and water are evolved, and, instead of a sublimate 
of pyrogallic acid, a black, shining, and tasteless substance is formed, 


insoluble in water, but readily soluble in liquid ammonia, potassa, and 


soda, and disengaging carbonic acid, with effervescence, from the soluble 
allaline carbonates. Metagallate of potassa gives black precipitates with 
the salts of lime, baryta, strontia, magnesia, iron, zinc, copper, lead, and 
silver. The equivalent of this acid appears to be 99 = (vcar+s3h 
+30). The acid, at first formed, contains 1 equivalent of water. 


Atomic RELations of THE PRECEDING Acips.—The decomposition of 
gallic acid, at the temperature of 420°, is such, that 1 equivalent yields 
1 of pyrogallic acid and 1 of carbonic acid; for 


ie 1 Gallic acid. 1 Pyrogallic acid. 1 Carbonic acid. 
—_————_ 


(7 car+3h+50)=(scar+sh+30)+(car+420) 


and, at the temperature of 480°, 2 atoms of pyrogallic acid yield 1 atom 
of metagallic acid and 3 of water; for 


2 Pyrogallic acid. 1 Metagallic acid. 3 Water. 
ee ee 


2 (Scar +3h+30)=(2car+3h+430)+%(h+0) 


'Carrcnvic Acrp is the name given to an acid obtained from catechu, 
and which, by the action of potassa and exposure to oxygen, 1s converted 


into Japonic acid and Rubinic acid. (THomson, Organic Chem., 113, 
and Pogg., xxxix. 161.) 
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§ X. Conortric Extractive. CoLouRING MarTTer. 


Tue colouring matters of vegetables which are soluble in water, 
generally partake more or less of the chemical properties of extractive, 
and like that principle, are capable of being combined with, and fixed, or 
rendered permanent by certain bases or oxides, which, in reference to 
this particular case, are often termed mordants. 

When a solution of brown extractive matter, for instance, is mixed 
with a solution of certain salts of iron, lead, or aluminum, and an alkali 
is added to the mixture, the metallic oxide falls in chemical combination 
with the extractive matter, so that the supernatant liquor remains 
colourless. The same thing happens with other colorific extracts; an 
infusion of madder, for example, when mixed with a solution of alum, 
and decomposed by an alkali, furnishes a red precipitate, and if the 
alumina be in excess, the residuary solution is perfectly colourless. Other 
coloured solutions present the same phenomena, and the coloured preci- 
pitates are, in such cases, often termed lakes, especially when of a red, 
pink, or purple tint. In these cases, an attraction is shown to exist 
between the metallic oxide and the colouring matter, and it is often the 
means of conferring a degree of permanence and insolubility on the 
latter, and modifying itshue. It has already been stated that the various 
forms of lignin, or vegetable fibre, possess a similar attraction for certain 
oxides: accordingly, if a piece of linen or calico be steeped in a proper 
solution of such oxide, a combination of the fibre and the oxide will first 
take place; and then, the fibre thus prepared, if immersed in a solution 
of colouring extract, will combine with it, and the colour thus become 
fixed upon the stuff. This, in a few words, is the theory of the art of 
dyeing, with the greater number of vegetable colours, which, though in 
themselves fugitive, and unsusceptible of combination with the linen, 
cotton, or other material to be dyed, are rendered, to a greater or less 
extent, fixed and permanent, by the joint attraction of the base or mor- 
dant for the fibre and for the colour”. 


* The art of dyeing and calico-printing 
has been the subject of several separate 
works, to which the reader is referred 
for details. The following are a few of 
the principal points which bear upon the 
chemistry of the processes. 

In the first place, the goods require 
to be thoroughly cleansed from all 
foreign matters and colours, which is 
effected bywashing and bleaching. Warm 
water is at first liberally applied to re- 
move the filth acquired in weaving; the 
goods, if linen or cotton, are then bowked, 
or boiled with a very weak solution 
of caustic potassa, washed in large quan- 
tities of water, and spread out upon the 
grass so as to be exposed freely to the 
joint agencies of light, air, and moisture ; 
this part of the operation, which is te- 
dious, may be much curtailed, or even 
superseded, by the careful application 


of a weak solution of chloride of lime. 
The bowking and exposure are alter- 
nately repeated as often as necessary; 
and lastly, the goods are immersed in_ 
water slightly acidulated by sulphuric 
acid, again thoroughly washed, and 
dried. By these operations the texture 
of the stuffs is always more or less im- 
paired, especially when chloride of lime 
is used. In respect to the theory of the 
operation of bleaching, it appears pro- 
bable, that, in the necessary exposure to 
water, air, and light, or their substitute 
chlorine, nascent oxygen i8 developed, — 
and is the destroyer of those portions of 
colouring matter which are most obsti- - 
nately retained. With respect to the 

nature of the materials or fibre to be 

dyed, it is found that different sub- 

stances not only possess very different — 
attractions for dye-stufts, but theyabsorb- 
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_ There are other circumstances in which the different colouring prin- 
ciples resemble each other, and which will be apparent in the following 


the colouring matter in very different 
proportions. Wool appears in this re- 
spect to have the strongest attraction for 
colouring substances ; silk comes next 
to it ; then cotton ; and lastly, hemp and 
flax. ‘The simple operation of dyeing 
is generally performed upon animal 
jibre, such as wool and silk, whilst the 
more refined operation of printing in 
patterns and devices of various colours, 
is chiefly, though by no means exclu- 
sively, conducted upon cotton, or as it is 
usually termed, calico. It has’ been 
above stated, that very few. colours are 
of such a nature as to combine with the 
fibre without some intermediwm: where 
this is the case, they constitute what 
have been termed substantive colours: 
but they generally require the interven- 
tion of a base or mordant, and are called 
adjective colours. ‘The mordants which 
are most frequently resorted to, are, as 
has already been remarked, salts of alu- 
mina, iron, and tin. The substance to 
be dyed is first impregnated with the 
mordant, and then passed through a 
solution of the colouring matter, which 
is thus fixed in the fibre, and its tint is 
often modified or exalted by the opera- 
tion. ‘Thata considerable portion of the 
mordant is retained in the fibre of the 
_ calico or cloth dyed, has been proved by 
the experiments of Dr. Ure. He found 
that 100 parts of the ashes of Turkey 
red calico (dyed by an alum mordant) 
afforded between 16 and 17 parts of 
alumina; whereas the ashes of white 
and washed calico only afforded a trace 
of that earth. (See two papers, by Dr. 
Ure, on the incinerated ashes of cotton- 
wool and calico dyed by the Turkey 
red process. Quurt. Journ., xxi. 28— 
297.) 
_ Calico-printing, which is a more re- 
fined and difficult branch of the art, is a 
“species of topical dyeing. In this pro- 
cess adjective colours are almost always 
employed. ‘The mordants, the principal 
of which are acetate of alumina, and 
_ acetate of iron, are first applied to the ca- 
_lico by means of wooden blocks or copper- 
plates, or cylinders, upon which the re- 
_ Quisite patterns are engraved. The stuff 
_is then passed through the colouring bath, 
and afterwards exposed on the bleaching- 
mec, or washed. The colour flies 
trom those parts which have not received 
the mordant, and is permanently re- 
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tained on those parts only, to which the 
mordant has been applied: variety of 
colours is produced by eniployitig variotis 
mordants, and different colouring mia- 
terials, and by using them in various 
states of dilution and combination. 
‘White spots upon adark ground are 
sometimes produced by covering the 
parts with wax, pipe-clay, or other ma-_ 
terials, which prevent the contact of 
the colour; or citrie acid, thickened 
with gum, is applied like a mordant with 
the block or plate, and prevents. the 
retention of the colour. Sometimes the. 
colour is discharged in places; by the 
application of chlorine, a process well 
illustrated in what are called Bandana 
handkerchiefs, of which an account will 
be found, by Dr. Ure, in the fifteenth 
volume of the Quarterly Journal. There’ 
is also an interesting seties of papers on 
the subject of calico-printing, in the 
Records of Science, edited by Dr. Thom- 
son, from which some idea may be 
formed of the refined and complex che- 
mical operations which have been suc-° 
cessfully applied to the perfection of 
that beautiful art. ‘i 
Besides the vegetable colours which 
are enumerated in the text, and very 
many others which are occasionally re- 
sorted to, and their various mixtures, by 
which an infinite variety of compound 
colours are obtained, metallic colours are 
constantly employed both in dyeing and 
calico-printing. These colours are not 
ouly infinitely various, but often admi- 
rably adapted to the processes of the 
art. Thus, the attraction of oxide of 
iron for different fibres, which renders it 
of such importance as a mordant, ena- 
bles the dyer and printer to avail them-' 
selves of Prussian blue: and with other 
metallic mordants, such as oxides of lead, 
copper, &c., the ferrocyanuret of po- 
tassium, iodide of potassium, chromate 
of potassa, arsenio-sulphurets, and va- 
rious other salts, become the sources of 
a great variety of beautiful colours. 
Instead of first applying the mordant, 
and afterwards the colouring material, 
they are occasionally both printed to- 
gether, but in these cases, particular 
management is requisite in the selection 
of the substances employed, and in the 
mode of their application : when this 
method is resorted to, the colour is often 
fixed by the application of steam at 212°. 
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account of a few of the most important of them: they are generally — 
impaired or destroyed by the continuous action of light, especially if 

aided by moisture and a certain temperature: they are also destroyed by 
chlorine, and by peroxide of hydrogen,and some other compounds in which 
-oxygen is very loosely retained, and also by a few of the acids: among — 
these, sulphurous acid is the most remarkable. The art of bleaching 
depends upon these properties, by which various colouring matters are 
decomposed and destroyed, or converted into colourless compounds. 

As far as their use in the arts is concerned, the red, yellow, and blue 
colouring matters are the most important; and from these, the following 
thay be selected for more particular description, on account of their 
applications and chemical properties. 


A. Revs.—1l. Mapprr.—The plant which furnishes this valuable 
dye stuff, (Rubia tinctorum, Linn.,) is common in the south of Europe, 
and in many parts of the Levant, and is largely cultivated in Holland: 
it grows to about three feet in height, and has a long spreading fibrous 
root, which is the part used indyeing. It is carefully dried and cleaned, — 
and afterwards ground into a coarse powder, which is of a dingy red or 
orange colour, and very apt to be deteriorated by moisture. The Levan- 
tine madder, called ligari, allizari, azale, has a finer colour than the 
Dutch, but the latter is more carefully prepared and dried. When cold 
water is digested upon madder, it dissolves gum, sugar, yellow extractive, 
and free malic acid: the residue, boiled in water, with a small addition 
of carbonate of soda, yields a dark red decoction, from which sulphuric 
acid throws down the red colouring matter: it may be purified by drying 
it upon blotting-paper, and solution in alcohol: to the filtered tincture 
a little carbonate of potassa is added to separate sulphuric acid, and 
when poured off from the precipitated sulphate of potassa and evapo-_ 
rated, it leaves the colouring principle in the form of a confused crystalline 
mass. (KuuHumann, Ann. de Ch. et Ph., xxiv. 225.) From this colouring 
matter, Colin and Robiquet have obtained a crystallizable substance, 
which they call Alizarine. (Ann de Ch. et Ph., xxxiv. 225.) There are 
several processes for its preparation, the simplest of which appears to be 
the following, suggested by Zenneck (Quart. Jour., N.S., v. 198):— 
Digest 10 parts of finely-powdered madder with 4 parts of ether, ina 
close flask: the clear solution is to be distilled until the residue is thick — 
like a syrup, and then dried upon plates in the open air, powdered, and 
sublimed. The sublimation is to be effected in a watch-glass, or a 
metallic capsule, covered by a very low cone, on which the vapours are to 
be condensed; the layer of matter to be sublimed must be thin, and the 
distance through which the vapours have to pass as small as possible; a 
little cotton should be placed at the orifice in the summit of the condensing 
cone, and the heat applied moderate, especially at the commencement. 

Alizarine, well sublimed, is in very brilliant, diaphanous, yellowish 
~ red, acicular, quadrangular crystals; they are soft, flexible, heavier than _ 
water, have an acid taste, soften when heated, sublime at the temperature 
of boiling oil, and then occasion a peculiar aromatic odour. It is nearly 
insoluble in cold water. At common temperature, 1 part dissolves in 
210 of alcohol, and in 160 of ether. It combines with and dissolves in — 
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alkalis, forming violet solutions; and, in fact, has all the properties of an 
acid, It even passes to the positive pole of the voltaic pile; and when 
boiled with metallic zinc, causes its oxidation, and then unites with it rae 
100 parts combine with and saturate 350 parts of oxide of lead: so that 


it has a greater saturating power than oxalic acid. Its composition per 


cent. is given as 18 carbon, 20 hydrogen, and 62 oxygen. 


2. SAFFLOWER is the term given to the petals of the Carthamus tinc- 
torius, or Bastard saffron: it is cultivated in Spain, and in many parts 
of the Levant, whence it is chiefly imported; but on account of its price 
it is seldom used, except to give the finishing hue to some silks, and 
in the preparation of the article called rouge. Safflower contains two 
colouring matters, a yellow and a red, and as the former spoils the tint 


of the latter, it is removed by washing the safflower in a linen bag, in a 


stream of pure cold water: the residue yields the red colour, by digestion 
in a cold solution of carbonate of soda, from which it may be precipitated 
by a weak acid, lemon-juice being preferred. Good safflower affords 
about 5 per cent. of this product, which, according to Débereiner, isa 
peculiar acid, (carthamine, carthamic acid.) It is insoluble in pure and 
in acidulated water, and in oils; sparingly soluble in alcohol and ether; 
yields a yellow solution with alkalis ; and with soda a colourless crystal- 


_ line salt, which acids instantly redden. This colouring matter is easily 


bleached: when mixed with talc in fine powder, it forms common rouge. 


3. Nicaracua, Pracu, Brazit, Fernampovuc, anp Sapan Woop.— 
These are the woods of certain species of Cwsalpina: they give out their 
colouring matter to water: it is of different tints of red and pink, be- 
coming yellow by acids, and blue or purple by alkalis, and easily bleached. 
Tt is soluble in alcohol. The infusion in weak citric or phosphoric acid 
is a good yellow dye. Various tints of violet, red, and purple, may be 
obtained by the action of acids and alkalis. ‘The salts of iron render it 
deep blue. It is the colouring matter of red ink, which is usually made 
by boiling about two ounces of Brazil wood in a pint of water for a 
quarter of an hour, and adding a little gum and alum. (The finest red 
ink is that procured by digesting cochineal in a very weak solution of 
ammonia.) Nitrohydrochlorate of tin carries down the greater part of the 
colour of infusion of Brazil wood, and alumina forms with it variously 
tinted lakes. The infusion of peach wood is very well adapted for 
extemporaneous illustrations of the art of dyeing and calico-printing. 
Besides colouring matter, the aqueous infusion of Brazil wood contains 
free acetic aid, tannin, and acetates of potassa and lime, with a trace of 


volatile oil. 


4. Logwoop. Campracuy Woop.—This is the wood of the Hama- 
toxylon campechianum, a large tree which grows in various parts of the 
West Indies, and especially on the Bay of Campeachy, and along the 


American continent. It is largely imported from Jamaica, as a dye stuff. 


It has a sweetish astringent taste, and a peculiar odour: an extract pre- 
5 

pared from it is used in medicine. It contains, according to Chevreul, a 

peculiar colouring-principle, which he has termed Hematin, and which 


may be obtained as follows. 
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On the watery extract of logwood, digest alcohol for a day, filter the — 
solution, evaporate, add a little water, evaporate gently again, and then 
leave the liquid at rest. Hematin is deposited in small crystals, which, 
after washing with alcohol, are brilliant, and of a reddish-white colour. 
Their taste is bitter, and astringent. } 

Hematin forms an orange-red solution with boiling water, becoming 
yellow as it cools, but recovering, when heated, its former hue. Alkali 
converts it first to purple, then to violet, and lastly, to brown: in which 
state it seems to be decomposed. Metallic oxides unite with it, forming 
blue «ompounds. Gelatin throws down reddish flocculi. Protohydro- 
chlorate of tin renders it lilac. 

Logwood shavings yield their colour to water and alcohol: the latter 
extracts it more readily than water. The colour of its dyes is red, in- 
clining to violet or purple. Its aqueous decoction, left to itself, becomes 
yellowish, and at length black. Acids turn it yellow; alkalis deepen its 
colour, and give ita purple hue. Stuffs would take only a slight and 
fading colour from decoction of logwood, if they were not previously pre- 
pared with aluminous mordants. A blue colour may be obtained from 
it, by the addition of verdegris; but the great consumption of logwood 
is for blacks, which are obtained by alum and iron bases, and of any 
requisite degree of intensity. (See also upon the subject of the 
colouring principle of logwood, Gonrrer-Bessreyru, Ann. de Ch. et Ph., 
Lxx. 272.) | 


‘5. Rep Sanpau, on Saunders Woop, is the produce of the Ptero- 
carpus santalinus, and contains a deep red colouring matter, which is 
insoluble in pure water, but which may be extracted by alcohol and by 
alkalis. When its alcoholic solution is evaporated, it remains in the form 
of a red resin, fusible at 212°, and soluble in ammonia, or carbonate of 
ammonia, from which solutions it may be precipitated by hydrochloric 
acid: itis also soluble in acetic acid. Fine purple precipitates are thrown 
down in its alcoholic solution by protochloride of tin and by subacetate 
of lead, deep violet by sulphate of iron, scarlet by corrosive sublimate, 
and brown by nitrate of silver. Ether dissolves the colouring matter of 
this wood more perfectly than alcohol, and water throws it down from 
the latter. The acetic solution of it causes an orange-coloured preci- 
pitate with gelatine. (PrLtetier, Jour. de Phys., uxxix. 268.) 


_ 6. Auxaner is the root of the Anchusa linctoria, a species of bugloss, 
which is a native of the warmer parts of Europe, and cultivated in our 
gardens. The greatest quantities are raised in-Germany and France. 
This root imparts a deep red colour to alcohol, oils, wax, and all unctuous 
substances. Its colouring principle (alcannin or anchusic acid, a fatty 
acid, see PreLietier, Jour. de Phys., uxxix. 278, and Joun, Chem. 
Schrift., iv.) may be obtained by the evaporation of its ethereal tincture, 
or by precipitating its solution in carbonated alkalis by a dilute acid. It 
is insoluble in water, but soluble in alcohol and ether, and in the fat and 
volatile oils, to which it imparts a fine red. Its alcoholic solution is 
imperfectly decomposed by water. The alkalis render it blue, and the 
acids restore its red. It is precipitated crimson by solution of proto- 
chloride of tin; blue, by subacetate of lead; dark violet, by the salts of 
iron; and pale red, by corrosive sublimate. 
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__ The principal use of alkanet root is, that of colouring oils, unguents, 
and lip salves. Wax tinged with it and applied on warm marble, staing 
it of a flesh colour which sinks deep into the stone; the spirituous 
tincture gives it a deep red stain. 

As the colour of this root is confined to the bark, and the small roots 


have more bark in proportion to their bulk than the larger ones, these also 
afford most colour. 


7. Arca. Rocenia. Orsetue.—This is a whitish lichen, growing 
upon rocks in the Canary and Cape Verd Islands, which yields a purple 
tincture, fugitive, but extremely beautiful. This weed is imported as it 
is gathered: those who prepare it for the dyer, grind it so as to bruise, 
but not reduce it into powder, and then moisten it occasionally with urine 
mixed with quick-lime: in a few days it acquires a blue colour; in the 
first state it is called archil, in the latter lacmus or litmus. The term 
Cudbear is also often applied to this dye-stuff, a term said to be derived 
from the name of its discoverer, Cuthbert Gordon. . 

The chief use made of archil is for giving a bloom to other colours, 
which is effected by passing the dyed cloth or silk through hot water 
slightly impregnated with it. This bloom fades upon exposure to air: 
solution of tin renders it more durable, and its colour is at the same time 
changed toward a scarlet. Prepared archil gives out its colour to water, 
alkalis, and alcohol *. 

Litmus is used as a test, either by staining paper with it, or by infusing 
it in water, when it is very commonly called tincture of turnsole. The 
persons by whom this article was prepared, formerly gave it the name of 
turnsole, pretending that it was extracted from the turnsole, Heliotropium 
tricoccum, in order to keep its true source a secret. The light of the sun 
does, however, turn it red, even in close vessels. This tincture may 
be made with spirit instead of water. The tincture, or paper stained 
with it, is presently turned red by acids: and if it be first reddened by 


a small quantity of vinegar, or some weak acid, its blue colour will be 
restored by an alkali. 


8. Cuica Rep -is the colouring matter obtained from a species of | 
Bignonia, and used by the American Indians to colour the skin. It is 


soluble in water, alcohol, and ether. (BovsstnGavut, Ann. de Ch. et 
Pits, xxvii. 316%) ; 


* It was the colouring matter for- 
-merly used for tinging the spirit in 
thermometer tubes, but was very liable 
to fade. The Abbé Nollet observes, (in 
the French Memoirs for the year 1742,) 
that the colourless spirit, upon breaking 
the tube, soon resumes its colour, and 
this for a number of times successively ; 
that a watery tincture of archil, included 
in the tubes of thermometers, lost its 
colour in three days; and that in an 
‘open deep vessel, it became colourless 

at the bottom, while the upper part 
_ Yetained itscolour. A solution of archil 


in water, applied on cold marble, stains 
it of a beautiful violet or purplish-blue 
colour, far more durable than the colour 
which it communicates to other bodies. 
M. du Fay says, he has seen pieces of 
marble stained with it, which in two 
years had suffered no sensiblechange. It 
sinks deep into the marble, sometimes 
above an inch, and at the same time 
spreads upon the surface, unless the 
edges be bounded by wax or some similar 
substance. It is said tomake the marble 
somewhat more brittle, but this is pro- 
bably erroneous, bia 
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9, AnrraL Reps. Cocnineat Rep; Lac Rep; Kermes.—These — 


substances are principally used in conferring upon woollen cloth the colour 
commonly called scarlet. Cochineal is a small insect brought from Mexico, 
where it is found upon different species of the Cactus. The nature of 


this colouring matter has been investigated by MM. Pelletier and Caven-  — 
tou; it is united in the insect with a peculiar animal matter, fat, and | 


some saline substances; they separated it by exposing a strong alcoholic 
tincture of cochineal to spontaneous evaporation; it deposited a crystal- 
line matter, which was redissolved in alcohol, and the solution mixed 
with its bulk of sulphuric ether; this caused it in a few days to deposit 
the pure colouring principle, which they call Carminium: Dr. John has 
proposed for it the term Coccinellin. This substance is fusible at about 


120°, very soluble in water, less so in alcohol, and insoluble in ether; — 


the acids change its colour from purple to pale red or yellow: the alkalis 
render it violet; and its colour is impaired by most saline solutions. It 
readily combines with alumina, forming a beautiful lake or carmine. He 
obtained from 100 parts of cochineal, 50 of coccinellin, 24'5 gelatine and 
mucous matter, 10 waxy fat, 14 membrane, 1°5 saline matters. 

The colouring matter of cochineal is fixed upon wool by nitrohydrochlo- 
rate of tin and tartar, by which scarlets are produced, and alum changes the 
scarlet to crimson. Cotton and linen are very rarely dyed with cochineal, 
for, independent of its great expense, the colours are little superior to 
those given by madder. 


“Lac is a substance formed by an insect, and deposited on different 
species of trees, chiefly in the East Indies. The various kinds of lac 
distinguished in commerce, are stick lac, which is the substance in its 
natural state, investing the small twigs of the tree; seed lac, which is the 
same broken off; and which, when melted, is called shell lac. These 
substances have been examined by Mr. Hatchett. The following table 
exhibits their component parts. (Phil. Trans., 1804.) 

Stick lac. Seed lac. Shell Jac. 
Resin: 0% ds fe 6 SOS Oh. POR BO BEAT’. eo 
Colouring matter . 10 . . 25 . . O05 
Wax et hl, Ss. 2 NG 7 OD ens eee 
Gluten «Geek. Yet en" Sh OSs ae. BRIS 
Foreign hodies.,. 2 ,(65. 9ie 8 ca 4s 4 FS 
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Dr. John has announced the presence of a peculiar acid in stick lac, 
which he has called Jaccic acid. The lac was digested in water, the 
solution evaporated, and the residue digested in alcohol: the alcoholic 
solution was evaporated to dryness, and its residue digested in ether. 
The evaporation of the etheric solution leaves a yellow matter, which, 
being again dissolved in alcohol, and the solution mixed with water, 


deposits a little resin, and leaves laccic acid in solution, which, upon the © 


addition of acetate of lead, gives a precipitate of laccate of lead; the 
latter compound, by cautious decomposition by sulphuric acid, affords the 
laccic acid. 
Laccic acid is erystallizable, of a yellow colour, a sour taste, and 
soluble in water, alcohol, and ether. With potassa, soda, and lime, it forms 


a 
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 deliquescent soluble laccates; with lead and mercury it produces white 
__ insoluble compounds; it occasions no precipitate in the nitrates of baryta 
and silver. (THomsom’s System, ii. 177. Dr. Pearson obtained a pecu- 
liar acid from a substance called white lac, from Madras, which he has also 
called laccic acid. Phil. Trans. 1794.) There are two preparations 
of the colouring matter of lac imported from India, under the names of 
lac lake and lac dye. The latter is by far the most valuable, and is 
extensively employed in dyeing scarlet as a substitute for cochineal. It 


is to be regretted that the preparation of this valuable dye stuff is not more 
carefully attended to. 


Kermes, or the Coccus ilicis, a small insect found in many parts of 
Asia, and in the south of Europe; and the Coccus Polenicus, found 
adhering to the roots of Polygonum, and employed as a dye stuff in 
Poland and in Turkey, also contain a red colouring principle. The 
scarlets and crimsons which they produce, are said to be brilliant and 
permanent. Tartar and solutions of tin are used to produce scarlet; and 
aluminous bases, and soap, for crimson. 


B. Yettows.—1. QueErcrrron Barx.—This is the bark of the 
Quercus tinctoria, or Quercus nigra of North America: it was first intro- 
duced into England by Dr. Bancroft (Philosophy of Permanent Colours, 
London, 1813), and is now one of our most important dyeing-materials. 
Its colouring principle, which amounts to about 8 per cent., may be 
extracted by water; a quantity of tannin is at the same time taken up, 
which would be prejudicial, and therefore glue, bladder, or some similar 
gelatinous membrane, is added to the infusion, by which the tannin is 
abstracted. The yellow colorific extract may then be precipitated in 
combination with alumina, or with oxide of tin. With the salts of iron 
it gives a variety of olive and drab tints, dependent upon the presence of 

- more or less tannin, and the degree of dilution. 


2. Fustic.—This is the wood of the Morus tinctoria, a large tree which 
grows in many parts of the West Indies, and on the American continent. 
It yields 9:1 colouring matter with some gallic acid, 4 tannin, 2 gum, 
9 resin, 74 lignin. (GzorGE, as quoted by Berzelius.) Its decoction is 
orange-coloured, and is improved as a yellow dye by the addition of 
gelatin. Alkalis deepen its colour, and acids render it paler. Acetate 
of lead and protochloride of tin give deep-yellow precipitates with it, the 
‘tint of which is brightened by tartar and alum. 


_  Wextp. (Reseda luteola.)—This is a slender plant, growing to the 
height of about three feet, and cultivated for dyers. When ripe it is cut 
and dried. Its decoction is of different shades of yellow, according.to its 
strength. Alkalis deepen its tint, and acids render it paler. Alum, tar- 
tar, and solutions of tin, brighten it, and give it more or less of a deep- 
lemon tint. Dyer’s Broom (the Genista tinctoria, Linn.), and the Ame- 
Yiean Golden Rod (Solidago canadensis), also contain a yellow extractive, 
_ from which yellow dyes are obtained. A water colour, called weld-yellow, 
4s much used by paper-hanging manufacturers. It is the colouring 
matter of weld precipitated with an earthy base. It is prepared as fol- 
lows:—Into a copper vessel put four pounds of fine washed whiting, and 
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stick, till the whole forms a smooth mixture: then add gradually twelve 
ounces of powdered alum, still stirring, till the effervescence ceases, and 
the whole is well mixed. Into another copper put any quantity of weld, 
with the roots uppermost; pour in soft water enough to cover every part 
containing seed; let it boil, but not more than a quarter of an hour; 
take out the weld, and set it to drain; and pass the whole of the liquor 
through flannel, To the hot mixture of chalk, alum, and water, add as 
much of this decoction as will produce a good colour, keep it on the fire 
till it boils, and then pour it out intoa wooden or earthen vessel. The 
next day the liquor may be decanted, and the colour dried on chalk. 
(Uru's Dictionary.) 


4, Annorro, (Roucou. Orlean.)—This article is procured from the 
seeds of a large tree, the Biza orellana. When ripe, they are bruised, 
soaked, and beaten into a pulp, which, after due fermentation, is boiled 


with water, during which it throws up a scum, which is collected, dried, | 


and made into cakes or rolls, of two or three pounds weight: in this state 
it comes into our market from Cayenne, and other parts of America. Its 
colouring matter is soluble in water, and more so in alcohol and alkaline 
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as much soft water, and boil them together, stirring them with a deal 


liquors: it has a disagreeable smell and taste. It is a powerful dye, and 


is used also to colour various varnishes, and to give the deep-orange tint 
to Cheshire cheese. (Bousstncauit, Ann. de Ch. et Ph., xxviii. 440.) 


5, Turmeric is the root of the Curcuma longa. It yields a yellow 
colour, slightly to water, but very abundantly to alcohol, and to alkaline 
solutions; the latter impart to it a deep-brown tint, hence its use in the 
laboratory as a fest. Acids, with some few exceptions (such as the 


boracic, and hydrochloric acid gas, which tinge turmeric paper brown), 


render it bright-yellow, ‘It is much used in cookery to give yellow tints, 
and is an ingredient in curry ponder, 


6. Sarrron.—The stigmata of the Crocus sativus, form the article 
known in commerce under this name. Bouillon la Grange and Vogel 
have given the term Polychroite to its colouring principle (Ann. de Ch., 
ixxx. 198), from the variety of colours which it produces under the influ- 
ence of various reagents. But Henry (of Paris) has shown that polychroite 


is a compound of extractive and essential oil, and that the extract alone 


is not possessed of any important peculiarities. 


C. Buvrs.—The blue colouring-matter of plants is chiefly resident in 
the petals of flowers, but the fruits and other parts which contain purple 
or red juices, may generally be rendered blue by the action of an alkali, 
or other base, which saturates the acids that are present; so that the 
original colouring principle often appears in these cases to possess a blue 
colour, reddened by the action of one or more of the vegetable acids. 

The colouring matter of most flowers is extremely fugitive, and is 


generally much changed by mere exsiccation. They usually communicate _ 


their colour to water: the infusion of blwe flowers is generally reddened 
by acids, and changed to green or yellow by alkalis; that of yellow flowers 
is made paler by acids, and alkalis render it brown: the red infusion of 
many flowers is exalted in tint by acids, and changed to purple, and in 
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some instances to green, by alkalis; so that probably one and the same 
principle gives colour to seyeral of the blue and red flowers, but the pre- 
sence of acid in the latter produces the red; the petals of the red rose, 
triturated with a little carbonate of lime and water, give a blue liquor ; 
alkalis render it green, and acids restore the red. 

A colouring matter, analogous to that of the violet, exists in the petals 
of red clover, in the red tips of those of the common daisy, of the blue 
hyacinth, the holyhock, lavender, in the inner leaves of the artichoke, 
and in numerous other flowers; reddened by an acid, it colours the skin 
of several plums, and the petals of the scarlet geranium and pomegranate. 
Some flowers which are red become blue by merely bruising them; this 
is also the case with the colouring matter of red cabbage leaves, and of 
the rind of the long radish. Mr, Smithson has suggested that the red- 
dening acid is in these cases the carbonic, which escapes on the rupture 
of the vessels which enclose it, 

The petals of the common corn poppy, rubbed upon paper, give a 
purple stain, little altered by ammonia or carbonate of soda, but made 
green by caustic potassa, The infusion of poppy-petals in very dilute 
hydrochloric acid, is florid red; chalk added, renders it of the colour of 
port wine; carbonate of soda in excess gives the same colour, but excess 
of potassa changes it to green’and yellow. | 

The colouring matter of fruits seems, in most cases, to bear a strong 
resemblance to that of flowers, The red juice of the mulberry was found 
to exhibit the same characters as the colouring principle of the wild 
poppy; carbonated alkalis render it blue, but caustic potassa changes it 
to green and yellow: the juice of red currants, cherries, elder-berries, and 
privet-berries, and the skin of the buckthorn-berry, appear to contain a 
similar colouring principle, The unripe berries of the buckthorn furnish 
a juice, which, when Inspissated, is known under the name of sap-green. 
It is soluble in water, and rendered yellow by carbonate of soda and 
caustic potassa; the acids redden it, and carbonate of lime restores it to 
green, which is therefore probably the proper colour of the substance. 
(Smituson, Phil. Trans., 1818.) Black currants, the common blackber- 
ries, the ripe berries of the Portugal laurel, and several other common 
fruits and berries, contain similar colouring matters. 


Inpico.—The most important blue colouring matter is the substance 
called Indigo; .it is. evidently a vegetable principle sui generis, but from 
its value as a dye-stuff, I shall place it among the colorific extractive prin- 
ciples; indeed, in its original state, as it exists in the sap of the plants 

whence it is obtained, it appears to be as nearly allied to extractive, as to 

any of the other proximate principles; but as we shall presently find, its 
character as a proximate principle, and its ultimate or elementary com- 
position, are distinct and peculiar. 

Indigo is obtained chiefly from different species of Indigofera, an 
American and Asiatic plant, cultivated as a source of this article 3 itis 
_ also obtained from the Nerium tinctorium; and from gome species of 
_Isatis, or woad, The dye is extracted either from the fresh or dried 
_ plant, by suffering it to ferment with water, during which it undergoes 
_ chemical changes, which ultimately cause its deposition in the form of a 


4 


blue feculent deposit, which is collected and dried. ‘In regard to the 
details of its manufacture, two papers will be found in the Quarterly 
Journal of Science (vols. v.and vi., new series, pp. 296 and 265), in which 
the principal steps of the operation, and the probable nature of the results, 
are explained. ‘The general characters of indigo, as it is found in com- 
merce, are the following: it occurs in square cakes, or cubical masses of © 
a deep-blue colour, and generally containing about 50 per cent. of pure 
colouring matter, which is perfectly insoluble in water; when heated to 
between 500° and 600°, it affords a sublimate in the form of a blue 
smoke, which, on condensation, forms acicular crystals, amounting in 
weight to 18 or 20 per cent. of the original indigo. It is soluble in con- 
centrated sulphuric acid. This solution is usually called Saxon, or liquid 
blue, and is used as a substantive colour for dyeing cloth and silk. Sub- 
stances which powerfully attract oxygen render indigo green, and by — 
exposure to air, it again acquires a blue colour. In this green state, — 
indigo is soluble in the alkalis, and the solution is commonly employed 
for dyeing calico. A bath for this purpose may be made by mixing 1 
part of indigo, 2 parts of sulphate of iron, and 2 of lime, in a sufficient 
quantity of water: in this case, the sulphate of iron is decomposed by a 
portion of the lime, and the protoxide of iron thus produced becomes per- 
oxidized at the expense of the indigo, which is rendered green and solu- 
ble in the alkaline liquor; cotton steeped in this solution acquires a green 
colour, which, by exposure to air, and washing in water acidulated with 
sulphuric acid, becomes a permanent blue. A little iron or zinc thrown 
into diluted sulphate of indigo changes or destroys the colour, in conse- 
quence of the evolution of hydrogen; the colour is also quickly impaired 
and destroyed by chlorine. 

The analysis of indigo, to ascertain the proportion of colouring matter, 
which varies much in different samples, may be performed by the succes- 
sive action of water, alcohol, and hydrochloric acid. (CHEVREUL, Ann. de 
Ch., uxvi. 20.) 100 parts of Guatimala indigo, thus treated, afforded 
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Green matter combined with ammonia 


Deoxidized indigo : : : 
To Water. ++) Fxtract ‘ . ‘ ° . a 
Gum s e e e e 


Green matter. ; “ : P 
30 


To Alcohol. . . {Resa ‘ : ; ; . : 
A trace of indigo : ‘ : 


Red resin ; * A ‘ : 6 

To Hydrochloric }Carbonate of lime ‘ ‘ - 2 

Acid Oxide of iron , : : . } 2 
Alumina . s ‘ ‘ : 5 


Silica . 7 4 A ; 3 
5 


Residue... > \Pure indigo f : : : ~ 45, 


Indigo has also been subjected to an interesting series of experiments _ 
by Berzelius (Ann. de Ch. et Ph., Nov. et Dec., 1827), who found its 
usual constituents to be four distinct substances: viz., 1. gluten; 2. a 
peculiar brown substance, apparently resembling extract; 3. a red sub- 
stance, which gives a white sublimate when heated in close vessels; _ 
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4. indigo blue. 1. The substance which Berzelius terms Gluten, is soluble 
both in alcohol and water, and was obtained by digesting powdered indigo 
in dilute sulphuric acid, neutralizing the solution by chalk, filtering, eva- 
porating to dryness, and digesting the residue in alcohol. 2. The Brown 
_ matter was taken up from the indigo (freed as above from gluten) by 
_ potassa, and by sulphuric acid precipitated. 3. Upon the indigo, thus 
purified by dilute acid and by the action of solution of potassa, strong 
alcohol was digested, which took up a red substance, insoluble in water 
and alkalis, soluble in concentrated sulphuric acid, and in nitric acid, and 
which, when heated in vacuo, yielded a gray crystalline sublimate. 4. The 
substance remaining after the action of the above solvents is the real 
colouring matter of the indigo, or indigo blue, and is that which forms 
the purple vapour and sublimate above alluded to. It forms a deep- 
blue solution of great intensity with sulphuric acid, and especially 
with the fuming and partly anhydrous acid (Nordhausen acid), and is, 
in fact, the principal ingredient in the sulphuric dyeing-liquor already 
mentioned. 
Lhe action of sulphuric acid upon indigo has been investigated by Mr. 
Crum. (Ann. of Phil., N.S., v. 81.) The concentrated acid does not 
merely dissolve it, but, in the course of twenty-four hours, alters its 
properties; it at first becomes yellow, in consequence probably of the 
abstraction of water, for much heat is evolved, and the addition of water 
instantly restores the blue tint. Nothing is given off or absorbed, nor 
is carbon precipitated. When the sulphuric solution is neutralized by 
potassa, an intensely-blue precipitate falls, soluble in water, but insoluble 
in saturated solutions of the salts of potassa; it was, therefore, purified 
by alternate washing with solution of acetate of potassa and alcohol. 
When dry it acquires a copper colour, is very hygrometric, soluble in 140° _ 
of cold, and ina smaller proportion of hot, water. The cold solution, 
even when largely diluted, furnishes insoluble precipitates with salts of 
potassa, soda, lime, baryta, strontia, lead, and mercury. This substance 
has been called Cerulin, and exists in the precipitate as a ceruleo-sulphate 
of potassa: it appears to be a hydrate of indigo, in which 1 proportional 
of indigo is combined with 4 of water. 
__ By limiting the action of the acid upon the indigo to three or four 
hours, (or at 100° to 20 minutes,) different results are obtained. One 
part of purified indigo was shaken in a phial with 10 of sulphuric acid 
till it became green: it was then poured into water, and filtered. The 
first washings of the substance upon the filter are to be rejected; but 
_when the liquid passes of a blue colour, solution of chloride of potassium 
may be added, which throws down a purple precipitate, called by Mr. 
Crum, Phenicin (from dowé). This substance is soluble in water and 
alcohol; it is converted by sulphuric acid into cerulin; it is precipitated 
by almost all saline substances of a purple colour; it appears to contain 
1 proportional of indigo and 2 of water. 


Inpicocenr.—The extraordinary change which indigo, or rather its 
colouring principle, undergoes by the action of deoxidizin g agents, has been 
Studied by Liebig. (Ann. de Ch. ef Ph., xxxv.) He obtained white or 
deoxidized indigo (indigogene), as follows: 14 part of pure indigo, 2 parts 
415 
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of protosulphate of iron, 24 parts of hydrate of lime, and from 50 to 60 
parts of water, were digested together for 24 hours in a close vessel, 


which had previously been filled with hydrogen. The clear liquor over 


the sulphate of lime and oxide of iron had a yellowish-red colour, and 
was separated by a siphon filled with hydrogen, and mixed with diluted 


hydrochloric acid, containing some sulphite of ammonia dissolved; a dense — 


white precipitate was formed, becoming blue in the air. This was 
gathered in a filter out of contact of air, and washed with boiled water 
containing sulphite of ammonia in solution, and dried at 212°, in close 
vessels, through which a current of hydrogen was continually passed. 
The upper surface of the mass became of a blue colour, but the lower 
remained of a dull white. This white substance was called Indigogene. 
It did not change colour in dry air, but under water became of a deep 
blue, which, by drying, assumed a coppery appearance. The blue sub- 


stance volatilized by heat, without leaving any residue, forming purple 


vapours, which condensed, when cold, into crystals differing in nothing 


from sublimed indigo. Indigogene dissolves in alkalis without neu- 


tralizing them: it is also soluble in alcohol, but insoluble in water or 
acids. | 

A given quantity of this indigogene was acted upon by ammonia, 
and the weight of the undissolved blue portion ascertained; it appeared 
that the weight of the pure portion dissolved was 0°404 grammes (6:224 
grains). The solution was put into an inverted jar, over mercury, and 
oxygen gas gradually passed in until absorption ceased, and then the 


“i 


liquid containing the precipitated indigo was evaporated to dryness at_ 


212°. The weight of the substance was increased 11°5 per cent. } 

Not having obtained indigogene perfectly pure, M. Liebig did not 
attempt to analyze it for the ultimate composition. He remarks, that 
indigo is perhaps the only organic body from which one of its constituent 
parts may be taken without total decomposition; and which, by oxidation, 
passes to the state of a body having much analogy with peroxides. 

Wohler obtained deoxidized indigo by digesting indigo with sugar 
and excess of caustic potassa or soda: the sugar yields in this case 
formic acid. . 

L. Gmelin, in his Handbuch, gives the following as the probable 
composition of white deoxidized indigo, or indigogene:— 


Nitrogen”) .'2" : 
Carbon... . 15 : 
Hydrogen: .(0.)) 4:05 4 “44. 9 19°45 
Oxygen. « . 1 : 


Deoxidized indigo 1 116 100-00 


and if indigo-blue be regarded as a protoxide of indigogene, the following 
view may be taken of its composition: — 


«> _ De Royer 
Crum. and Dumas. Ure. 
Nitrogen . 1 . 14. 11:29 . 11°26. 13°74 . 10°00 
Carbon oy 6) 15.5: 9.90 au 92°58... .43:22.o. 1 7330 eee 
Hydrogen. 4 .°. 3°23. .°, 2°92 , 2°30 . + ae 


12°60 .* 10°16 


Indigo-blue 


4 e 
OxVren” =. | a 7. 4186 
1 124 10000 100°00 100°00 100°00 
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and regarding phenicin as a bihydrate, and cerulin as a quadrihydrate of 
indigo, they will be constituted as follows: — 


Crum. 
Nitrogen Ih 1455.8 86) 90 1S9l : j ‘ 
Dichon Nae, (00. , .haneeeie Alas } Indigo blue 1 . 124 ., 87:33 
Hydrogen 6... 6 . 4:22 , 3-98 


— 
— 
~ 
to 


Phenicin 100:00 100°00 or 1 142 100:00 


Crum. 


Nitrogen Pe wel ate oa) G15 An 879 . 

Carbon . 15 . 90 . 5625 . sp1gh Indigo Sonic tarde a WON 
erydrogen «8.0 8 .). (5°00, 4°71 
Oxygen . 6 48 . 30°00 . 29°32 


— 


} Water . acl Or SGe ee 2S 


Cerulin l 160 100°09 100°00 1 160 100°0 


Action or Nirrre Acip on Inp1co.—The action of nitrie acid on 
indigo was first examined by Mr. Hatchett. (Additional Experiments on 
Artificial Tannin, Phil. Trans., 1805.) Te found that this acid, diluted 
with about 2 parts of water, produced much effervescence when poured 
on powdered indigo, and gradually dissolved it; the solution, evaporated 
to dryness, left a yellowish residue, soluble in water, of an intensely-bitter 
taste, and composed partly of artificial tannin, and partly of a peculiar 
biller principle combined with ammonia. 


Carpazoric Actp.—The action of nitric acid on indigo has subse- 
quently been studied by Liebig, who finds a peculiar acid among the 
results afforded by treating indigo with excess of nitric acid, which he 
terms Carbazolic acid, and respecting the production and properties of 
which he has given the following details: — 

A portion of the best indigo is to be broken into small fragments, 
and gently heated with eight or ten times its weight of nitric acid, of 
moderate strength. It will dissolve, evolving an abundance of nitrous 
vapours, and swelling up in the vessel. After the scum has fallen, the 
liquid is to be boiled, and nitric acid added as long as any disengagement 
of red vapours is occasioned by it. When the liquid has become cold, a 
large quantity of semi-transparent yellow crystals will be formed, and if: 
the operation has been well conducted, no artificial tannin or resin will 
be obtained. The crystals are to be washed with cold water, and then 
boiled in water sufficient to dissolve them. If any oily drops of tannin 
form on the surface of the solution, they must .be carefully removed by 
touching them with filtering-paper. Then filtering the fluid, and allowing 
it to cool, yellow brilliant crystalline plates will be obtained, which will 
not lose their lustre by washing. To obtain-the substance perfectly pure, 
the crystals must be redissolved in boiling water, and neutralized by 
carbonate of potassa. Upon cooling, a salt of potassa will crystallize, which 
should be purified by repeated crystallizations. -On mixing the first 
mother liquor with water, a considerable brown precipitate will be 
obtained, which being dissolved in boiling water, and neutralized by 


* According to Berzelius, the action | by the production of indigo purple, sul- 
of sulphuric acid upon indigo is attended | phate of indigo, and hyposulphate of indigo. 
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carbonate of potassa, will also furnish a quantity of the salt. All the 
potassa salt obtained in these operations is to be redissolved in boiling 
water, and nitric, hydrochloric, or sulphuric acid added; as the solution 
cools, the peculiar substance will be observed to form very brilliant plates of 
a clear yellow colour, generally in equilateral triangular forms. Sometimes 
crystals are not formed after the action of the nitric acid on the indigo, 
in which case the liquor must be evaporated, and water added, when the 
substance will precipitate, and must be purified as already described. 
Four parts of indigo yield one of the pure substance. 

When the substance is heated, it fuses, and is volatilized without 
decomposition; when subjected to a sudden strong heat, it inflames 
without explosion, its vapours burning with a yellow flame, and a car- 
bonaceous residue remaining. It is but little soluble in cold water, but 
much more in boiling water; the solution has a bright-yellow colour, | 
reddens litmus, has an extremely bitter taste, and acts like a strong acid 
on metallic oxides, dissolving them, and forming peculiar crystallizable 
salts. Ether and alcohol dissolve the substance readily. When fused in 
chlorine or with iodine, it is not decomposed, nor does solution of chlorine 
affect it. Cold sulphuric acid has no action on it; when hot it dissolves it, 
put water separates it again without alteration. Boiling hydrochloric acid 
does not affect it, and nitro-hydrochloric acid only with great difficulty. 
These results show that no nitric acid is present in the substance, and 
other experiments prove that no oxide of nitrogen exists in it; itcontains - 
no oxalic or other organic acid, for when its salt is boiled with chloride 
of gold, the latter is not reduced. When heated to redness with oxide of 
copper, it gave a mixture of nitrogen and carbonic acid, in the exact 
proportion of | volume of the former to 5 of the latter. This was a 
constant result, and in no case was any sulphuric or other acid left 
in the copper. This compound, therefore, called carbazotic acid, 1s 
represented by Liebig as destitute of hydrogen, and as consisting of 

_ Liebig. 
Mean of 4 expts. 
Mithoseh Fo, ne ge ee ey tO Obes ee 


Carbon . “6 18 S90 Ys BETTE We 850 
Oxygen. . . 15 . « 120 . . 4762 5 « 48:8 


_ Carbazotic acid 1 252 100°00 100°'0 


Tur CARBAZOTATES are crystallizable, bitter, and deflagrate or explode 
when heated. They detonate much more powerfully when heated in 
close vessels, than when heated in the air; and it is curious to observe, 
that those with bases yielding oxygen most readily, are those which 
explode with least force. By heating some of the salts previously mixed 
with chloride of potassium, &c., to retard the action, it appeared that no 
carbonic oxide, but only carbonic acid and nitrogen, were evolved during 
their decomposition by heat. | 


CarpazoraTs or Ammonia forms very long, flattened, brilliant, yellow 
crystals, very soluble in water. Heated carefully in a glass tube, it fuses, 
and is volatilized without decomposition; heated suddenly, it inflames — 
without explosion, and leaves much carbonaceous residue. aa 
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CARBAZOTATE OF Porassa crystallizes in long yellow quadrilateral 
needles, semi-transparent and very brilliant; it dissolves in 260 parts of 
water at 60° Fahr., and in much less boiling water: a saturated boiling 
solution becomes a yellow crystalline mass, from which scarcely any fluid 
will run. Strong acids decompose it; yet when an alcoholic solution of 
earbazotic acid is added to a solution of nitre, crystallized carbazotate of 
potassa, after some time, precipitates. Alcohol does not dissolve it. 
When a little is gradually heated iu a glass tube, it first fuses, and then 
suddenly explodes, breaking the tube to atoms; traces of charcoal are 
observed on the fragments. ‘his salt precipitates a solution of the pro- 
tonitrate of mercury, but not salts containing the peroxide, or those of 
copper, lead, cobalt, iron, lime, baryta, strontia, or magnesia. The slight 
solubility of this salt supplies an easy method of testing and separating 
potassa in a fluid. Even the potassa in tincture of litmus may be dis- 
covered by it; for, on adding Mfew drops of carbazotic acid, dissolved in 
alcohol, to infusion of litmus, crystals of the salt gradually ‘separated. 
The saturated solution of the salt at 50° Fahr. is not troubled by chloride 
of platinum. The salt contains no water of crystallization. It was 
analyzed by converting a portion of it into chloride of potassium by 
hydrochloric acid. Its composition is, 


Pose’. SPE Ae Oboe St 4B ee ioe Greely GICRI 
Carbazotie acid Seer De rde BG 2s o Five's bE, C4)... 0. fe -Bar79 
1 


300 100 100°00 


-Carbazotate of pota8sa 


CARBAZOTATE OF SopA crystallizes in fine silky yellow needles, 
having the general properties of the salt of potassa, but soluble in from 
20 to 24 parts of water, at 59°. . 


CarBAZOTATE oF Linn, obtained like the salt of baryta, forms flat- 
tened quadrangular prisms, very soluble in water, and detonating like the 
salt of poiassa. 


CaRrBAZOTATE OF Baryta is obtained by heating carbonate of baryta 
and carbazotic acid with water. It crystallizes in quadrangular prisms 
of a deep colour, and dissolves easily in water. When heated, it fuses, 

and is decomposed with very powerful explosion, producing a vivid yellow 
flame: the explosion is as powerful as that of fulminating silver. A 
solution of chloride of potassium, to which carbazotate of baryta has been 
added, produces a precipitate of the potash-salt, and not more than 13 
per cent. of potash remains in solution. Carbazotate of baryta contains 

Liebig. Liebig. 
emerge ss de ey OSS mas Tt oupP aes 20°8O 4. Gn 20 ee 
Carbazotic acid 1 . 252 . 76S . 766 Legs 25206 an B7B8. 26663 
Water Bt AB oo UO8 | Lacan 
1 


ry... . 1 . 329 «+100: 100-0 Cryst. 


¢ 


374 100°00 100°00 


CARBAZOTATE oF MaanusrA forms very long indistinct needles, of a 
clear yellow colour; is very soluble, and detonates violently. 


’ Proro-Carspazorarz or Mercury is obtalied in small yellow tri- 
angular crystals, by mixing hoiling solutions of the garbazotate of potassa 
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or soda, and protonitrate of mercury. It requires more than 1200 parts 
of water for its solution: for its perfect purification, it should be heated 
with a solution of chloride of potassium, the insoluble portion separated 
whilst the liquid is hot, and the peculiar salt allowed to deposit as the 
temperature falls. When heated, it behaves like the salt of silver. It 


consists of 

Liebig. 
Protoxide of mercury . 1 . . 210 . . 40°45 . - 45°09 
Garbazotic acid: ).. dG Vad tne 252 0 aie 54°55. oe 204 D1 


Carbazotate of mercury 1 462 100-00 100°00 


Carpazorats or Leap may be formed by decomposing a salt of lead 
by carbazotate of potassa or soda; it is a yellow powder, but slightly 
soluble, and detonating by heat. 


CARBAZOTATE OF COPPER 18 prepared by decomposing sulphate of . 
copper by carbazotate of baryta; it crystallizes with difficulty, the crystals 
being of a fine green colour; it is deliquescent; when heated, it is decom- 
posed without explosion, and even without inflammation. 


CARBAZOTATE oF Sitver.—Carbazotic acid readily dissolves oxide of 
silver, when heated with it and water; and the solution, gradually evap- 
orated, yields starry groups of fine acicular crystals of the colour and 
lustre of gold; the salt dissolves readily in water; when heated to a certain 
degree, it does not detonate, but flashes like gunpowder. , 


Inpicotic Actpo.—By the action of dilute nitric acid on indigo, a 
peculiar acid, which appears perfectly distinct from the above, was obtained 
by Chevreul, and has been examined more in detail by Dr. Buff. It has 
been termed Indigolic acid. 

To obtain it, nitric acid, of spec. grav. 1°285, was diluted with rather 
more than its weight of water, heated in a retort, and small portions of 
indigo in fine powder added as long as sensible effervescence was pro- 
duced: a little water was added from time to time, to prevent the form- 
ation of carbazotic acid. The yellow liquid was separated, whilst hot, 
from the resinous matter, and by cooling deposited crystals of this acid of 
indigo. These were boiled with oxide of lead, filtered, and the salt 
produced decomposed by sulphuric acid whilst hot; on cooling, the liquor 
deposited the acid of indigo in yellowish-white crystals; these were sepa-_ 
rated, dissolved in hot water, neutralized by carbonate of baryta, the 
solution concentrated, and allowed to cool; yellow acicular crystals of a 
barytic salt were obtained, which, being washed with cold water, dissolved 
in hot water, and decomposed by acids, gave acicular crystals of this acid 
of indigo, white as snow; they were collected, and washed upon a filter, 
and shrank into a small space when dry, losing almost entirely their cry- 
stalline aspect. 

Indigotic acid is white, having the lustre of silk; it has a weak, acid, 
bitter taste, reddens litmus, dissolves in any quantity in boiling water or » 
alcohol, forming colourless solutions, but requires 1000 parts of cold water 
for its solution. - It is volatile, and, being heated in a tube, fuses and 
sublimes without decomposition. When the fused acid is cooled, it 
crystallizes in six-sided plates. In the air it burns with a bright flame, 
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evolving much smoke. Nitric acid changes it into carbazotic acid. 
Neither chlorine, nor solution of chlorine, has any effect upon it. It 
gives a blood-red colour to solutions of the persalts of iron. 

When decomposed by heat and oxide of copper, it yields nitrogen and 

carbonic acid; the proportions of these gases in volume being 1 and 15. 
These are exactly the same proportions which, according to Mr. Crum 
and Dr. Buff, are given by pure indigo itself; so that the nitrogen and 
carbon are probably in the same relation both in indigo and the acid of 
indigo. Dumas also states that the indigotic acid may be regarded as 
an oxide of indigo, but different authorities differ as to its equivalent. 
According to Buff, the neutral zndigotate of lead consists of 37:38 oxide 
of lead + 62°62 indigotic acid, and accordingly the equivalent 180 may be 
assumed as that of indigotic acid, and it may be regarded as containing 


Buff. Dumas. 
Nitrogen ER either s 7°78 en Kal eB PES 
Canueters lee ee ei eo SON cs! 495750. Wa. ABS 
Hydrogen Pig viy eyenAn woe snaph Seed frais 7 + 246 
Ne de eo 4 OU EAD BRT os sa Oe 
Indigotic acid 1 180 100°00 100-000 100°00 


Inpicotate or Ammonia forms yellow, transparent, acicular prisms, 
much resembling the carbazotate of potassa, partly volatile without de- 
composition, and easily soluble in water. 


InpicotaTE or Porassa.—Orange-coloured, silky, opaque, clustered 
needles, anhydrous, and very soluble. 


| InpiqoTaTE oF Sopa.— Yellow, and very soluble. 


InpIGoTATE OF Baryta.—When carbonate of baryta is boiled in a 
solution of indigotic acid, and filtered, a yellow bitter solution is obtained, 
which yields yellow anhydrous fibrous crystals, composed of (B+ 13 md’), 
Ammonia added to this solution throws down a yellow powder, consisting 
of (65 B+3Ind’), 

InpicgoTaTE oF Limp, oF SrrontraA, AND oF Maenesta, are yellow 
and soluble salts. 


INDIGOTATE OF LEAD is thrown down in the form of a bulky pale- 
yellow precipitate, when a solution of indigotate of potassa is gradually 
added to excess of a hot solution of nitrate of lead. When washed with 
cold water, and dried at 212°, it forms a pale-yellow crystalline mass, 
rather more soluble in cold water than indigotic acid, and easily soluble 
‘in hot water. When digested in ammonia it becomes a yellow insoluble 
subsalt. These indigotates of lead consist of’ 


Buff. 4 Buff 
Sixide of lead. 1 - 112 . 384 .. 37°38 2 .° 224 -.. 55°43. 66-14 
Indigotic acid 1 - 180 . 616 . 62°62 1 . 180 . 446 . 43°86 
Neutral 1 292 100°0 100°:00 Subsalt 1 404 100°0 =100°00 


_ Inpicorate or Inon.—Indigotic acid dissolves hydrated peroxide of 
iron, and forms a salt which may be obtained in dark-red; or nearly black 


crystals, slowly soluble in cold water. The solution is dark-red. 


- 
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InpDIGoTATE oF Copprr.—Oxide of copper is soluble in indigotic acid. 
The salt separates from its solution in boiling water, in the form of a 
green flocculent precipitate. 


InDIGOTATE OF Mercury.—Indigotate of potassa produces a pale- 
yellow precipitate in protonitrate of mercury, which is insoluble in cold, 
and sparingly soluble in boiling water. From Buff’s analysis it appears 


to be a sesquisalt= (He + u ind’), 


INDIGOTATE OF SinvER.—Solution of indigotic acid readily dissolves 
oxide of silver: the solution blackens when long boiled. (CHEvreEvt.) 
Neither indigotic acid, nor indigotate of potassa, produce any precipitate — 
in nitrate of silver.. Indigotate of silver forms pale-red acicular crystals, 
difficultly soluble in cold water. (Burr.) | 


§ XI. Fixep or Fat Ors. Wax. 


THE proximate principles that we are now about to examine, are those 
in which hydrogen. predominates, and which are characterized by the. 
readiness with which they burn with flame: they are ternary compounds 
of carbon, hydrogen,.and oxygen, and are applicable to numerous useful 
purposes. 


Frxep Ons are generally obtained by pressure from certain seeds, 
such as the almond, linseed, and many others, and from the olive. |The 
specific gravity of the fixed oils is below that of water, varying from 0°918 to 
0936. They are viscid or unctuous, and mostly insipid, or nearly so; they 
generally congeal at a temperature not so low as that required to freeze 
water, though a few remain liquid at very low temperatures. This is the 
case with linseed oil. A few of them are solid at the ordinary temper- _ 
atures, and have been called vegetable butters. They are insoluble in water, 
but by the aid of mucilage may be diffused through it, forming emulsions. — 

If oil, which has been congealed by cold, be bubwittted ‘to pressure 
between folds of bibulous paper, a dry, concrete, fatty matter is obtained, — 
which Chevreul has called Stearine*, (from cteap, tallow,) the paper 
absorbs a fluid matter, which does not congeal at a much lower temper- 
ature, and which, one it does not become rancid, acquires viscidity 
by exposure to air This fluid part he has called Elaine or Olein, (from . 
eXavoy, oil.) The relative proportions of these principles differ in the 
different oils. (Ann. de Ch., tom. xciii. xciv.) See Animal Oils. 

The greater number of the fixed oils undergo little other change by 
exposure to air than that of becoming somewhat more viscid, and ac- 
quiring a degree of rancidity. In this state they contain free acid, and 
redden vegetable blues. Some few, such as linseed and nut oil, and the 
oils of the poppy and hempseed, become covered with a pellicle, and, 
when thinly spread upon a surface, instead of remaining greasy, become 
hard and resinous; these are termed drying oils, and their drying quality 
is much improved by boiling them upon a small quantity of litharge. 

The quantity of oxygen absorbed by some of the oils is very considerable. 


* According to Lecanu (Ann. de Ch. | table oils differs from that of animal 
et Ph., Ly. 192), the stearine of vege- | fats, and is analogous to margarine. 
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Saussure exposed nut oil, for eight months, to oxygen gas; at first the 
absorption was trifling, but in the course of ten days it had taken up 60 
times its volume, and in three months 145 times its volume, the absorp- 
tion being most rapid in warm weather. It is well known that cotton 
and hemp, soiled with certain oils, are liable to spontaneous ignition; and 
Berzelius plausibly refers the phenomenon to the heat excited by the 
absorption of oxygen. No water was produced in Saussure’s experiments, 
but carbonic acid was evolved, and the oil lost its greasy character and 
assumed a gelatinous appearance. (See some observations on the spon- 
taneous combustion of cotton goods, by Dr. M. Hatt, Quarterly Journal, 
Ist series, v. 367.) 

These oils cannot be yolatilized without decomposition, which takes 
place at a temperature of about 600°, and water igs copiously formed, 
attended by the separation of carbonaceous matter, which causes the oil 
to blacken and grow thick; a portion of acetic acid is also at the same 
time formed. If the vapour be collected, it is found acrid, sour, and 
empyreumatic ; it wag formerly employed in pharmacy, under the name 
of philosopher's oil; and as it was often obtained by steeping a brick in 
oil, and submitting it to distillation, it was also called oil of bricks. 
Passed through a red hot tube, the fixed oils furnish a very large pro- 
portion of carburetted hydrogen gas; and when burned in the wicks 
of lamps they suffer a similar decomposition, and water and carbonic 
_ acid are the products of their combustion. The results of the distillation 
of the fixed oils have been examined by Dupuy, and by Bussy and 
Lecanu. The former subjected olive oil to its boiling point in a distil- 
latory apparatus; white vapours passed over, which condensed into a 

liquid that became concrete on cooling; a fluid empyreumatic oil was algo 
_ formed; and there remained a scanty portion of charcoal in the retort. 
The concrete portion was a mixture of oleic and margaric acids with a 
peculiar acrid, volatile principle; sebacic acid, and another acid matter, 
were also formed. 

Bussy and Lecanu (Ann. de Ch. et Ph., xxxi., xxxiii., and XXXLY.) 
distilled poppy oil at a temperature a little below 400°: it exhaled an 
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acrid odour, and yielded about one-third its weight of an oil which — 
concreted on cooling, (a mixture chiefly of margaric, oleic, and benzoic 


acids.) This was succeeded by a liquid oil, which became turbid on 
exposure to air, was little soluble in alcohol, and not acted upon by the 
alkalis. Lastly, when the retort became red hot, a solid of the colour 
of realgar sublimed, which was without smell or taste, fusible in boiling 
_ Water, and soluble in boiling alcohol and cold ether. Carburetted hydro- 
gen, carbonic oxide, and carbonic acid, were also produced. 

_. Chlorine effects a singular change in somé of the fixed oils, converting 
them into a substance resembling hard tallow or wax. ‘This is especially 
_ the case with castor oil. Hydrochloric acid is at the same time formed. 
Sulphur and phosphorus are soluble in the fixed oils; and with the 
former, linseed oil forms a brown fetid solution, known in Pharmacy as 
balsam of sulphur, 

The stronger acids modify and decompose the fixed oils, and various 
products are the result, especially the stearic, margaric, and oleic acids, 
to which we shall afterwards advert. When oliye oil is carefully mixed 
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with sulphuric acid, so as to avoid the heating of the mixture, a thick 
brown compound is formed, from which water separates the oil in an 
altered state, and retains in solution a peculiar compound (of hyposul- 
phuric acid and organic matter?), which Chevreul has termed sulpho- 
adipic acid. When heat is applied to the mixture of sulphuric acid and 
oil, it blackens, sulphurous acid is evolved, and a coaly residue containing 
artificial tannin remains. (Havcnerr.) Concentrated nitric acid produces 
very complicated changes upon these oils, and sometimes the mutual 
action is so energetic, that the mixture inflames; by long boiling with 
dilute nitric acid, malic and oxalic acids are ultimately, but slowly, pro- 
duced. The slow action of nitrous acid (hyponitrous?) upon several oils 


has been studied by Pelouze and Boudet. (Anz. de Ch. et Ph., uxix. 43.) 
The fixed alkalis exert a remarkable action upon these oils, which 


terminates in the formation of soap, and a similar change is effected, . 


though more slowly, by ammonia; these combinations we shall presently 
revert to. There are many other metallic oxides which appear to act 
more or Jess upon the oils in the manner of the alkalis. Sulphuret of 
carbon, some of the hydrocarbons, and a few of the metallic chlorides 
also dissolve in the fixed oils; there are, however, but few of the salts 
which are soluble in them to any extent. i 
The ultimate composition of the fixed oils has been accurately ascer- 
tained, but there are two difficulties in the way of determining their 
equivalents; the one is, that their absolute purity is difficultly ensured, 
and the other, that they do not combine with bases without undergoing 
change. The following are a few of the results of these analyses :— 


Stearin Elain - 
Olive Oil. Linseed Oil. Castor Oil. of Olive Oil. of Olive Oil. 
Gay Lussac and Saussure. Ure. Saussure. Saussure. 


Thenard. 
Parhon UL FFI ON FEO SOR i 32°17, Le G6 Cs 
Hydrogen . 13360 . . 11351. - 1029. . 1123+. . Lbs 
Oxygen. . 9427 . . 126385 . . I-71 . . 630 9.5..120) 


100°000 100°000 100°00 99°70 99°64 


Saussure ascribes the loss in his analyses to nitrogen: he infers also, 
from the comparative analysis of stearin and elain, and from other results 
which I shall afterwards quote, that those oils which are most. easily 


solidified, are those which contain the least oxygen, and that they are - 


also the least soluble in alcohol. j 
The fixed oils are extremely numerous, and many of them have been 

examined and described: the following are a few details respecting their 

principal varieties, abridged chiefly from L. Gmelin and Berzelius. 


1. Dryine O1rs.—Linsrep Om is expressed from the seeds of com- 
mon flax (Linum usitatissimum). Cold-drawn, it is greenish-yellow and 
more viscid than when hot-drawn. Its specific gravity varies between 
0-928 and 0-932. It dissolves in 5 parts of bowing elcohol, 40 of cold, 
and 1:6 of ether. A preparation of linseed oil, called drying oil or painters’ 
varnish, is made by mixing a quart of the oil with about half an ounce 
of powdered litharge, and a quarter of an ounce of white vitriol, in 
a glazed pipkin, and heating it over a very gentle fire for four or five 
hours; the lower the heat, and the longer it is continued, the better 


olf any 
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is the varnish. In this process the greater part of the oxide of lead 
is reduced. This, and other drying oils, and especially nut oil, form 
the basis of printers’ ink, the history of which will be found in 
Lewis's Phil. Commerce of the Arts. The oil is heated and set fire to, 
and, after having been suffered to burn for half an hour, is extinguished, 
and boiled till it acquires a due consistency; in this state it is called 
Varnish, and is viscid, tenacious, and easily miscible with fresh oil, or 
with oil of turpentine, by which it is properly thinned, and afterwards 
mixed with about one-eighth part of lamp-black. 

For white paint and light colours, unboiled linseed oil is used: it dries 
slowly, but does not injure the colour. There is a mixture of drying oil 
and mastic varnish, known to artists by the term magilp, of a gelatinous 
consistence, and an excellent vehicle for colours. 


Watxnut O11, expressed from the seeds of the walnut tree, (Juglans 
regia,) has a specific gravity of about ‘920 at 60°; it is inodorous, and as 


it dries better than linseed oil, is sometimes preferred by painters. 


Heme Or, from hempseed, (Cannabis sativa,) has an unpleasant 
odour, dissolves in all proportions of boiling absolute alcohol, but requires 
30 parts of cold alcohol. It is much used in some parts of the north of 
Europe to burn, and for paints. 


Poppy Ot1n, expressed from poppy-seed, (Papaver somniferum,) is 
bland and insipid. Its specific gravity =°924. It dissolves in 25 of 
cold and 6 of boiling alcohol, and is used in some parts of Germany and 
France as a substitute for olive oil. 


Castor Oi is the produce of the seeds of the Ricinus communis. It 
is pale yellow; its specific gravity at 55° is ‘969, at 75° = 957, at 212° 
='908. (Saussurz.) It has a slightly nauseous odour and taste; it differs, 
however, much in these respects, and that which is at present used in 
medicine, and which is cold-drawn by pressure, is less acrid and purga- 
tive than the West. India castor oil, formerly preferred for medical use, 
and which was often pressed with heat, or even boiled out of the seeds*. 


It congeals at about 0°. Exposed to air it gradually becomes rancid, 


thick, and at length congeals. It dissolves (in all proportions?) in abso- 
lute alcohol and in ether, by which foreign substances are occasionally 
separated from it. The products of the distillation of this oil have been 
examined by Bussy and Lecanu (Journal de Pharm., xiii. 68); they 
obtained from them a peculiar acid, (ricinic acid,) forminits with magnesia 
and oxide of lead, salts soluble in alcohol, and resembling one of its 
products of saponification. : 


Croton O1t.—This, which is the expressed oil of the seeds of the 
Croton tiglium, is used in medicine as a drastic purge. It has a brown 


_ or yellow colour, an acrid taste, and is operative in doses not exceeding a 


single drop; the oil, however, as met with in commerce, varies much in 


* Guibourt ascribes the medicinal ac- | heat, and considers the purgative power 
tivity of castor oil to a peculiar volatile | of the cold-drawn oil to exceed that of 
principle, which he says is expelled by | the oil obtained by aid of heat. 
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activity. When the seeds are digested in ether we obtain, according to — 
Nimmo, 60 per cent. of their weight of oil, of which two-thirds are soluble 
in alcohol and purgative; one-third is bland and inert. ‘The acrid prin- 
ciple of the croton-seed appears to be acid, and has been termed, by Pel- 
letier and Cayventou, [atrophic Acid, from erroneously supposing the seeds 
to be the produce of the Jatropha curcas. Brandes has since examined 
the acid, and calls it Crotonic Acid. 


1132 OILS. 


9. Greasy Oms:—Atmonp Om is expressed from sweet and bitter 
almonds; it is pale yellow, and becomes colourless when long exposed: 
to light; it soon grows rancid, especially if in contact of oxygen. Its 
specific gravity at 60° is ‘91 to ‘92. When cooled down to 15° it yields 
024 margarin, and 0°76 clain; the latter does not congeal at 0°. Almond 
oil is soluble in 25 parts of cold and 6 of boiling alcohol; it readily dis- 
solyes in ether. : . 


Oivr Or is extracted from the fleshy part of the olive (the fruit of 
the Olea Europea). It is pale yellow, and its specific gravity is about 
-910 at 60°. When cooled down to 0° and expressed, it yields about 0°28 
margarin, and 0°72 elain: it often deposits margarin at common tempera- 
tures, a portion of which is generally found at the bottom of the jars and 
casks in which it iskept. The quality of this oil is very various: the best 
is obtained by gentle pressure without heat; that which is procured by the 
aid of heat, and of a greater degree of pressure, is called second oi/; and 
a very inferior kind is ultimately extracted by boiling the expressed cakes 
+ water. ‘Fine olive oil is extremely bland and tasteless, or at least has 
only a slight nutty flavour: the commoner kinds, (that, for instance, called 
Gallipoli oil,) are disagreeable both in smell and taste. Olive oil is some- 
times adulterated with the cheaper expressed oils, especially with rape 
and poppy oil. ' | 

If pernitrate of mercury, made by dissolving 6 parts of mercury in ~ 
7-5 parts of nitric acid of specific gravity 1°36, at common temperature, 
be mixed with olive oil, in the course of a few hours, the mixture, if kept 
cold, becomes solid; but if mixed with the oil of grains, it does not 
solidify. Poutet (Ann. de Ch. et Ph., xii. 58) has, therefore, proposed 
this asa test of the purity of olive oil; for the resulting mixture, after 
standing twelve hours, is more or less solid, as the oil is more or less 
pure. The nature of the compound formed by olive oil and the nitrate” 
‘of mercury, has been examined by M. F. Boudet (Ann. de Ch. et Ph., t 
391). I shall afterwards revert to it. 

~~ Rousseau states that olive oil is the worst conductor of electricity of , 
all the fat oils, and suggests a mode of applying this test to the detection 
of its adulterations. | 

Of all the oils, that of olives is least apt to become viscid and glutinous, 
and hence is preferred for greasing delicate machinery, as especially watch 
and clock-work. For this purpose the elain may perhaps be preferable to 
the entire oil. Watchmakers are in the habit of preparing the oil for this . 
purpose, by keeping a piece of sheet-lead, or some shot in it, and exposing 
it in a corked bottle to light. A white matter is gradually deposited, and 
the oil ultimately becomes clear and colourless, and no longer affected by 
the metal: this subject has not been scientifically investigated. | 
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Brrcn-nut Or.—The decorticated nuts of the beech-tree (beech- 
mast) yield about 15 per cent. of oil resembling olive oil, and a larger 


quantity when aided by heat; the remaining cake is a better food for 
cattle than common oil-cake. 


Om or Ben is procured by expression from the decorticated seeds of 
the Guilandia moringa, a tree which grows in Ceylon, Ethiopia, Egypt, 
and Arabia. The oil is perfectly inodorous, and does not readily grow 
rancid, hence its excellence for the preparation of certain scented oils, 
such as those of the jasmine, tuberose, &c. 


Rapz Orn is expressed from the seeds of the Brassica napus, and rapa. 
Its specific gravity at 60° is ‘912. This, and some other of the fat oils, 
contains a principle in solution, which interferes with its combustibility, 
and which may be abstracted by agitating the oil with about 2 per cent. 
of sulphuric acid, and afterwards washing it with 2 or 3 parts of water, 
with which it is left for two or three weeks, at a temperature between 
75° and 80°; it gradually forms a deposit, from which it is drawn off, 
and filtered, and is then fit for burning in lamps. Colsa or cole-seed oil 
is a better kind of rape oil, extracted from the Brassica campestris, Var. 
oleifera. 


Mustarp-sErp O1n is expressed from the seed of the Sinapis alba 
and nigra; the bruised seed yields about one-fifth its weight of a mild, 
inodorous, thick, amber-coloured oil; specific gravity ‘915 at 60°, soluble 
in 1000 parts of alcohol (specific gravity 833), and in 4 of ether. Alcohol 

_extracts from it a peculiar acid (the sulphosinapic*), anda erystallizable 


fatty matter, which is not saponifiable. 


3. ConcreTE Orns. VeEcETante Burrers.—The principal oils of this 


class are the following. 


Cocoa-nur Ort, pressed, or boiled, out of the nut of the Theobroma 
cacao. When washed it is white, of a peculiar odour, and of the consist- 
ence of tallow: its specific gravity = -910. It fuses at about 125°. . Tis 


___* Suphosinapic acid was found by 
Henry and Garot (Jour. de Chim. Med. 1.) 
in mustard, radish, and turnip-seed, and 
in the root of the horse-radish. 3 parts 
of expressed mustard oiland 4 of strong 
alcohol were mixed and often shaken to- 
gether. After 3 days the yellow alcohol 
was poured off, and two-thirds abstracted 
by distillation: on cooling, the residue 

deposited the fatty matter above-men- 
tioned, and the remaining liquid was 
decanted off, and left to spontaneous 
evaporation : it now deposited a granular 
mass, which by continuous digestion in 
ether, yields to that solvent a red fat, 
and the remaining matter (insoluble in 

_ ether) was dissolved in water, and left 
to spontaneous evaporation: scattered 
crystals were thus obtained, of a yellow 
Colour, bitter pungent taste, and sul- 
phurous odour. The composition of these 


crystals of Suphosinapic acid is remark- | 


Bre 


: 


able, as essentially including five ele- 
mentary substances, namely, , 


Sulphur . . 4 17:33 
Carbon . . . 49°50 
Hydrogen . . 8:30 
Oxygen . - 11°91 
Nitrogen, 12°96 

100°00 


Berzelius has thrown out the sugges- 
tion that, this acid may be a compound 
of hyposulphurous acid, and an organic 
base. The Sulphosinapates of the alka- 
line bases are crystallizable, but the 
equivalent of the acid has not been sa- 
tisfactorily determined. It yields preci- 
pitates in the solutions of acetate of lead, 
protonitrate of mercury, nitrate of silver, 
and sulphate of copper. But the accu- 
racy of all these conclusions is rendered 
doubtful by Pelouze, (Ann. de Ch. et 
Ph., xiv. 214.) 
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elain is used as a lamp oil, and its stearin or margarin for the manufac- — 
ture of candles. 


Paum Or.—Many of the palms produce a hard nut, like the date- 
stone, but abounding in oil: of these the principal are the Cocus butyra- 
cea and Elwis guineensis. These oils are used for soap, candles, &c., and 
the stearine and elain employed as the preceding. 


Nurmec Orn is the expressed oil of the common nutmeg; it is yellow, 
and smells of the essential oil. It is largely prepared in Holland, and 
occasionally used in medicine. According to Schrader, 16 ounces of the 
concrete expressed oil of nutmeg contain 7 of hard concrete oil, 8$ yellow 
butyraceous oil, and 3 volatile oil. Cold alcohol dissolves the volatile 
and the soft oil, and leaves the harder oil. When nutmeg oil is boiled 
in 4 parts of alcohol, it is entirely dissolved, and the harder fatty portion 
is deposited as the solution cools. Marrow, or common fat, scented by a 
little oil and powder of nutmeg, and coloured by annotto, is sometimes 
substituted for this oil: the fraud is detected by the insolubility of this 
artificial mixture in 4 parts of boiling alcohol. (BoutaERt, Quarterly 
Journal, xviii. 317.) 


Wax.—This principle exists in many plants; it may be obtained by 
bruising and boiling them in water: the wax separates and concretes on 
cooling. The berries of the Myrica cerifera, and the leaves and stem of 
the Ceroxylon, afford considerable quantities of wax by this process. — 
(Bostock, Nicuotson’s Jour., vol. iv., Branpe, Phil. Trans., 1811.) The 
glossy varnish upon the upper surface of the leaves of many trees is of a_ 
similar nature; and though there are shades of difference, these varieties 
of wax possess the essential properties of that formed by the bee; indeed, 
it was formerly supposed that bees merely collected the wax already formed 
by the vegetable, but Huber’s experiments show that the insect has the 
power of transmuting sugar into wax, and that it is in fact a secretion. 


Brrs’-Wax.—White wax, or bleached bees’-wax*, is colourless and 
insipid; its specific gravity is about ‘96: it is insoluble in water, and 
fusible at a temperature of about 150°; at a higher temperature it is 
converted into vapour, and may be distilled with little other change than 
the production of a small portion of stearic acid, and at a red heat it 
burns in the contact of air with a bright flame. It is sparingly soluble in 
boiling alcohol and ether, and is deposited as the solutions cool. 20 parts 
of boiling alcohol dissolve about 1 of bees’-wax, of which not more than 
one-fifth js retained at the temperature of 60°, and this is thrown down 
by the addition of water. Cold ether appears without action on wax, but 
boiling ether takes up about one-tenth of its weight, and deposits nearly 
the whole on cooling. The fixed oils, when assisted by heat, readily dis-- 
solve it, and form a compound of variable, consistency, which is the basis 
of cerates and ointments. Some of the volatile oils also dissolve wax, 
when aided by heat. It combines with the fixed alkalis, forming imper- | 
fect soapy compounds of very difficult solubility, and from which the acids 


* The bleaching of bees’ wax is ef- | be whitened by chlorine, but wax 80 
fected by exposing it in thin ribands bleached never burns well; it smells of, 
upon the bleaching ground. It may | and appears to contain, chlorine. 
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separate the wax in an unaltered state. The acids, at common tempe- 
ratures, scarcely act upon wax; hence the advantage of waa-lute for the 
retention of corrosive vapours. At the fusing-point of wax it combines 
with sulphuric acid, and the solution congeals on cooling. Hydrochloric 
acid has no action upon it; nitric acid, after long boiling, very slowly 
converts a portion of it into oxalic acid. 


Myricin.—When myrtle wax is digested in boiling alcohol, it affords, 
according to Dr. John, a soluble and insoluble portion; he has called the 
former cerin, the latter myricin. Cerin is insoluble in water and in cold 
alcohol and ether, but dissolves in those liquids when heated. Myricin 
is insoluble, under all circumstances, in alcohol and ether. 


Crrine.—This term has been applied by Chevreul to a principle 
resembling wax, which he separated from cork; it is less fusible than 


wax, more soluble in alcohol, and partly converted into oxalic acid by the 
action of nitric acid. 


Bees'-wax has been analyzed by Gay Lussac and by Dr. Ure, with the 


following results :— Gay Lussac. Ure. 


Carbon . 81874 . . 80°60 
Hydrogen 12°672 . . 11°47 
Oxygen . 5544 . . 7°93 


———_ 


100°000 100°00 


According to Oppermann, pure vegetable-wax differs slightly from 
bees’-wax, in the ratio of its elements. 


§ XII. Soars. Saronic, on Apiposr Actps. 


Process or Sapontrication.—When the fat oils are digested with 
caustic alkali, a compound results, long and well known under the name 
of soap; with the real nature, however, of this compound we were not 
acquainted, till the subject was investigated by Chevreul, who, in the 
masterly researches already quoted (see also Recherches Chimiques sur les 
Corps gras, Paris, 1823), demonstrated the nature of the changes which 
the oils undergo, and discovered a number of new acid substances into — 
which they are converted. These experiments have principally reference 
to animal oils, and the general account of *them ought strictly to be re- 
ferred to the chemical history of animal products: but the vegetable oils and 


fats are in many of their properties identified with, and in all so closely 


analogous to the corresponding products of animals, that I shall give an 


abstract of the whole subject in this place. 


The various kinds of soaps differ chiefly in the oil or fat used in 
their manufacture, for the alkali which is employed is, for hard: soaps, 
almost invariably soda: by the mutual action of the oil and alkali the 


stearic and elaic components of the former are converted into one or 


more acids, which combine with the soda, so that in this respect, soaps 
may be correctly spoken of as a class of salts, deriving their peculiarities 
almost exclusively from the acids which they contain. The soap of olive 
oil and soda may be taken as a specimen of this article: it is made as 


follows:—5 parts of barilla, or an equivalent proportion of other carbon- 


in 
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ate of soda, are mixed with 1 of lime, and a proper quantity of water. 
In this way a ley, or solution of caustic soda, is obtained, which is boiled 
in an iron pot with six parts of the oil, till the soap separates: this sepa- 
ration of the soap from the water, is accelerated by the addition of com- 
mon salt; it is then suffered more perfectly to congeal, and in a few days 
becomes hard enough to cut into forms. (Arxin’s Dictionary—aArt. Soar.) 
The best soaps are made with olive oil and soda; in this country animal 
_ fat is usually employed for the common soaps, to which resin and other 
substances are occasionally added. Soft Soap is made with potassa and 
some of the common oils; even fish oil is often used, and hence peculiar 
compounds or salts result, as we shall presently find*. 

‘The general properties of soap are the following. It furnishes a 
milky solution with water. It dissolves in alcohol, and the solution, if 
concentrated, is of a gelatinous consistency, and by carefully distilling off 
the alcohol, a transparent soap is obtained. The acids, and the greater — 
number of salts, decompose soap, forming, in most cases, a compound of 
difficult solubility; hence, hard waters are unfit for washing, in conse- 
quence of containing sulphate of lime; hence, also, the alcoholic solution 
of soap is useful as a test for ascertaining the fitness of water for this 
purpose, which, if it becomes very turbid, cannot in general be used for 
washing. 

When the above soap is decomposed by dilute sulphuric acid, sulphate 
of soda is formed, but the oil is not separated in its former state, but has 
acquired the new properties we are about to notice: there is also formed 
during the mutual action of the oil and alkali, a compound discovered by 
Scheele, and called by him the sweet principle: it has since been termed 
glycerine (from yAvKus, smweet). 


Giycrerine may be obtained by saturating the alkaline mother-liquor, 
from which the soap has concreted, by dilute sulphuric acid, adding a 
little carbonate of baryta to remove any slight excess of the acid, filtering, 
and evaporating to the consistency of thin syrup, to which alcohol is then 
added, which dissolves the glycerine and leaves the alkaline sulphate. 
Glycerine is not crystallizable; it has a pure sweet flavour, and cannot 
be deprived of water without decomposition. When distilled, a portion 
passes over unaltered. Heated in the air it burns with a blue flame. It 
is very difficult of conversion into oxalic acid by the action of nitric acid, ” 
and has very little tendency to fermentation. , | 

When glycerine is obtained by evaporating its alcoholic solution in 
vacuo, it is in the state of hydrate. Dumas represents its ultimate 


components as follows t:— 
Dumas. 
Carbon So. plo. see pes. phe oe 
Hydrogef, "Sy er, Be a Oe. poe 
Oxygen’ °° 2. 16° .< . “432° 4°. 42°80 
1] 


Glycerine 37 100:0 100-00 

* The fixed oils also form peculiar | bismuth they produce very similar com- 
compounds with, or are saponified by hy- | binations. . 
drated owide of lead, when aided by heat,| + (See Fremy, Ann. de Chim., Lxiil. 
forming the substance usually termed | 25; VocEL, Journal de Pharm., iv. 255; 
plaster; with the oxides of mercury and | and CHEVREUL, Recherches.) 


’ 
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And, as containing in the state of hydrate 1 atom of water (37 +9— 46), 
or 
. Anhydrous glycerine = (3CdP+3 h +20). 

Hydrated do. = (scar++h+30). 
Having thus stated the general results of saponification, I shall give 
an outline of the properties of the acids generated by the action of the 
alkalis, and of such other analogous bodies as are included by Dumas 
under the term Adipose acids. (Acides gras, see Traité de Ch. app. aux 
Arts, v. 239.) 


Avipose Acips. Savonic Acips.—These substances, when solid, 
resemble fat, wax, or spermaceti; when liquid, they look like thin oils. 
“hey are mostly fusible at temperatures below 212°; they are more or 
less volatile, colourless when pure, lighter than water, soluble in alcohol 

_and ether, and in the fixed and volatile oils. They contain much less 
oxygen than is requisite to convert their carbon and hydrogen into car- 
bonic acid and water, and hence are eminently inflammable. They are 
little affected by air or by acids at common temperatures: heated with 
sulphuric or nitric acid they are decomposed: they redden litmus. Their 
equivalent is always a high number. Aided by heat they decompose the 
carbonates. | 

The greater number of these acids are not found in a separate state, 
but they appear to exist in oils and fats in union with an organic base. 
They are divided by Dumas into, 1. Those which are insoluble in water, 
and which only admit of distillation in vacuo: 2. Those which are solu- 
ble in water, and which may be distilled over with water in the ordinary 
Way. 

1. Sreartc Acip.—This acid is the most characteristic product of the 
saponification of suet, and other hard or not easily-fusible fats. It is 
obtained by decomposing stearate of potassa, by dilute hydrochloric acid. 
It melts at 158° and concretes into a mass of shining crystals. Boiling 
anhydrous alcohol dissolves it in all proportions, and the solution yields 
htacreous crystals: it is soluble in its weight of ether; it is volatile in 
‘vacuo: it burns in the air like wax. It is soluble in cold sulphuric acid, 
and decomposed by it when heated: it is not acted on by cold nitric acid, 
but the boiling acid dissolves and modifies it. .This acid consists of * 

Chevreul. 


pil eee RB es Fee ay ARB yan 
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BERVPCT op a ns 5 em te as a, tL OU te eee hed 
- Anhydrous stearic acid 1 263 , 100-00 100-000 


The hydrated stearic acid consists of 1 atom anhydrous acid and 1 
water (263 +9 = 272), or 
A Anhydrous stearic acid (33 Ca? + 33h +93 0). 
Hydrated — do. (35 CAT + 34 h +310). 


Stearic acid has lately been advantageously employed as a substitute 


+50), which would produce the equiva- 
lent 526, or double that in the text. 


4F 


* The atomic composition of stearic 
acid,as given by Dumas, is (70 car +66 h 
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for wax in the manufacture of candles: for this purpose tallow is saponi- — ; 
fied by lime; the soap of lime is decomposed by dilute sulphuric acid, 
and the resulting stearic and oleic acids are separated by pressure. The 
oleic acid is used in the manufacture of soap; the stearic acid, when ~ 
thoroughly purified, is made into candles. (The process of manufacture — 


is described by M. Golfier-Besseyre, Ann. de Ch. et Ph, txx. 154.) 


SrEARATE oF AMMONIA.—Stearic acid absorbs gaseous ammonia, and. 
forms a white inodorous compound, of an alkaline taste. It dissolves in | 
boiling water, and the solution deposits nacreous crystals of bistearate. 


QrpARATE OF Potassa is formed by boiling 1 part of stearic acid and 
1 of caustic potassa in 10 of water: it falls in white opaque grains, which 
may be purified by solution in 15 to 20 parts of boiling alcohol: it falls, 
as this solution cools, in brilliant scales. Stearate of potassa may also be 
obtained by treating the soap of potassa with alcohol. This soap is pre- 
pared by boiling 100 parts of mutton-suet and 25 of caustic potassa in 100 
of water, agitating the mixture till a homogenous compound is obtained: 
it is a mixture of stearate, oleate, and margarate of potassa: the two last 
are abstracted and retained by warm alcohol, which deposits the stearate. 
It consists of . Cfictreut 


Pptnsia fo ble ne Lieve Vide ee ae + Eo cp 15°29 
Stearic acid St and ew el 2eSneedl ss Whee ac (ORE 
1 


311 100°0 100°00 


BisrEarate or Porassa.—l part of the above soap is dissolved by 
heat in 6 of water, and then 50 or 60 parts of cold water are added to 
the solution: a nacreous substance is deposited, composed of bistearate — 
and bimargarate of potassa: this is dissolved in 20 to 24 parts of boiling 
alcohol (specific gravity 0°82), and during cooling, crystals are deposited, 
which, when dissolved in alcohol a second time, and again crystallized, 
are bistearate of potassa. It forms soft silvery scales, infusible at 212°, 
insoluble in cold water, but resolved by boiling water into potassa and 
quadristearate. It is soluble in boiling alcohol, 100 parts of which take 
up 27 of bistearate of potassa, but only retain 0°36 at 75°, The erystal- 
lized bistearate of potassa consists of 


Stearate of potassa 


Chevreul. 

Potassa Pt Bea geo ky? beter gc, ROM, ke Geen er er a 8°075 

Cie AGd: TRA. 98 SSMS eee tn > Coron cae 9§0°075 

Water Pos cS 1 ee A 15 . . 1°850 
1 


Crystallized bistearate of potassa 583 100°0 100°000 


STEARATE or Sops.—The action of soda on stearic acid resembles that 
of potassa; and a stearate and bistearate, corresponding in composition 
with the above, are produced, but they are less soluble than the salts of 
potassa. 


SrEARATE oF Limn is a white, fusible, tasteless powder, thrown dow 
when a boiling solution of neutral stearate of potassa is added to a solu-— 
tion of chloride of calcium. It consists of Chevren® 


Lime re ee ae ee ED So ma ne 
Su cahevalstdhy w ry lake sid cok QOBcere GO aa OOIs 
1 
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€tearate of lime 291 100°0 100°00 
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_ STEARATE oF Baryra is formed by mixing hot solution of stearate of 
potassa with nitrate of baryta: it is a white, fusible, insipid powder. It 
contains 

Chevreul. 


Beige. ws gon kaw Ee dG. Onan 
Beare acid. fe ee ee ee 77°69 


Stearate of baryta 1 340 100°0 100-00 

STEARATE or Leap is white, fusible, and insoluble in water: it is 
formed by the action of a boiling solution of stearate of potassa on nitrate 
oflead. It consists of 


Chevreul. 
Oxide of lead Boek oe ABB eo SERIE Sen aes 
Stearic acd =. Bs S68 OS FOR 70°5 
I 


375 100°00 100°9 


StrARONE.—When stearic acid is distilled with a fourth-part of 
quicklime, a substance is obtained sparingly soluble in ether and alcohol, 
concrete at common temperatures, but fusible at about 180°. (Bussy, 
Jour. de Phar., xix. 643.) It consists of 
Carboy .68 . . 408 . . 853 

Hydrogen 62 . . 62 « » 130 
Oxygen a ser Beare! eZ 


— — a 


Stearone 1 478 100°0 


Stearate of lead 


STEARINE.—The origin of this term and the substance to which it js 
applied, derived from olive oil, have been already noticed. The purest form 
of Stearine is procured by digesting purified mutton suet in cold ether, 
as long as it dissolves any part of it: the residue, dried by pressure 
between folds of blotting paper, is of a crystalline texture, semitransparent, 
friable, and fusible at about 110°. It is not soluble in cold alcohol : 
hence, when dissolved in boiling alcohol, it is deposited on cooling. It 
is only very sparingly soluble in cold ether; more go in boiling ether. A 
hot and concentrated solution of caustic potassa dissolves and saponifies 
it, forming a compound soluble in cold alcohol, and in water: this solu- 
tion, decomposed by diluted hydrochloric acid, yields. a precipitate of 
pure stearic acid, and glycerine is found in the residuary mother-liquor. 
100 parts of stearine yield 96°8 stearic acid and 8 glycerine. Stearine is 


a compound of 
Dumas. 
Carbon e 43 e e 438 e e 78 ‘02 
Hydrogen 69 ~." .  69-°".-* 5, 12°20 
Oxygen dena ty) OOo i) OR 


Stearine 1 563 ‘ 100-00 


and these numbers are equivalent to 2 atoms of anhydrous stearic acid-+ 
1 of anhydrous glycerine: or 
Stearic acid = (70 Car + 6 h+s 0) 
Glycerine =( 3CAPr + sh+2 0) 
_ Stearine =(73¢car + 69 h +70) 
So that upon this view stearine is a bistearate of glycerine; the glycerine 
being the organic base. | 


os 
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II. Marcanie Actp, so named from its pearly lustre, (wapyapiTn, a 
pearl,) bears a striking resemblance to stearic acid. It is obtained by 
decomposing the margarate of potassa, or margarale of lead, by hot and 
very dilute hydrochloric acid: it fuses at 140°, and in respect to fusibility 
and solubility, is intermediate between stearic and oleic acids. It is com- 
posed, in its anhydrous state, of 

Chevreul. Berzelius. 


Cichou co kc BP ic oe eG es as OS ie lea 
Hydrogen . 33 . . 3d « « 12010 . . 12°59 
Oxygen. - gig Sy agg Le A OST Sa Ree OS 


— —— 


Margaric acid 1 _ 267 100°000 -100-00 


I have adopted the atomic composition suggested by Berzelius*, because 
it refers to the purest form of margaric acid, and represents it as an oxide 
of the same base (or hydrocarbon) as the stearic acid. This view was 
originally adopted by Chevreul, who then applied to it the name of mar- 
garous acid. 


Marcarate or Ammonia is formed as the corresponding stearate. 


Marcarate or Porassa.—This salt may be obtained from the soap 
of olive oil, from which alcohol, very moderately heated (at 70 or 80°), 
abstracts the oleate, and leaves the margarate of polassa. (See Marga- 
rine.) Chevreul procured it from human, and from goose fat, saponified 
by potassa. It is softer, more fusible, and more soluble in alcohol than 


the stearate of potassa. It consists of 

Chevreul. 

Potassa sce eRe Diem | PASE eens 

Margaric acid . . - Trg 2  S26T ne Lae 
1 


Margarate of potassa 315 100 


BImARGARATE oF Portassa may be obtained as the bistearale ; it 
crystallizes with 1 atom of water. Its hot aqueous solution, when decom- 
posed by dilute hydrochloric acid, yields a precipitate of margaric acid. 


Manrcarate oF Sopa closely resembles the salt of potassa. The 
neutral margarate is soluble in 10 parts of water, at 175°. 


MARGARATE of LEAD.— With oxide of lead, the margaric acid forms 
a neutral, a basic, and an acid salt. A mixture of margarate and oleate” 
of lead (as obtained by double decomposition, from a soap of olive oil) 
may be separated by cold ether, which leaves the margarate but dissolves 
the oleate. 


Marcarone.—A substance under this name is described by Bussy 
(Jour. de Phar., xix. 635), among the products of the destructive distil- 
lation of a mixture of margaric acid with one-fourth its weight of lime. 
It is said somewhat to resemble paraffine, and to consist of (68 CAL +67 
+20), numbers which are equivalent to hydrocarbon (67 CaP + 67 h) and 
carbonic acid (Car +20). Its theoretical relations to paraffine and to — 
margaric acid, are pointed out by Dumas. 

* Chevreul gives (70 car+65h+60) | +30), or 64 instead of 65 atoms of hy- 


=533. Gmelin representsmargaric acid drogen, if doubled. ; 
by the equivalent 266, or (3;ca7+32h 3 r 
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Maraarinr.—This substance forms a part of mutton suet, hogs’ lard, 
and some other animal fats: it appears to form the greater portion of the 
concrete part of olive oil, already mentioned, and when that substance 
is dried in bibulous paper, dissolved in ether, and left to spontaneous 
evaporation, the white flakes which are deposited are margarine. Mar- 
garine is distinguished from stearine by its greater fusibility. It is so far 
soluble in cold ether, that, at 65°, 2 parts are retained in permanent 
solution by 5 of ether. A solution of 2 parts of margarine in 10 of 
ether, is permanent at 60°, and does not begin to deposit till cooled down 
to 54°. The atomic constitution of margarine has not been accurately 
determined. 


III. Oxrrc Actp,—This acid is obtained by the decomposition of 
oleate of lead, or oleate of potassa, by a solution of tartaric acid: it sepa~ 
rates in the form of an oil, and is to be washed with hot water: it often - 
contains margaric acid, which it deposits by cautious cooling: when pure, 
it remains transparent at 32°. It resembles a colourless oil, of a slightly 
rancid taste and smell; its specific gravity is 0-898 at 65°. A few 
degrees below 32°, it concretes into a white acicularly-crystalline mass: 
it is not soluble in water, but is taken up in all proportions by alcohol of 
the specific gravity 822. It reddens litmus; mixes readily with stearic 
and margaric acids, and behaves like them when subjected to distillation. 
According to Chevreul, anhydrous oleic acid may be regarded as a com- 
pound of 


Chevreul, 
Carbon 2° 350% 2.210 2 BLOB. BOr942 
Hydrogen «2040 a) 29. Seen 19480 | pow 1359 
Oxygen ts t2sr 20k. 20 Sito PT a ys Pease 
1 


259 100-00 100-000 


Oleic acid 
The crystallized acid includes 1 atom of water. 


Oxrate or AmMonra.—Liquid ammonia rapidly dissolves oleic acid; 


heat is evolved, and a gelatinous mass, soluble in water, is formed. 


OxraTE or Porassa.—This salt may be best extracted from the soap 
of linseed oil, which is dried, and “digested in cold anhydrous alcohol; 


the clear solution is evaporated, and the residue again treated by cold 
anhydrous alcohol, by which any trace of margarate of potassa is left 


undissolved. The solution now contains pure oleate of potassa, and when 
slowly evaporated yields it, sometimes in an imperfectly-crystallized mass; 
its taste is alkaline and bitter: mixed with 2 parts of water it forms a 
transparent jelly: with 4 of water the solution is viscid; it absorbs 
moisture from the air. In the voltaic circuit it yields oleic acid at the 
positive, and potassa at the negative pole. At 122° alcohol dissolves its 
own weight of this salt, and the compound gelatinizes on cooling, 
Chevreul has also described a binoleate. 
The anhydrous oleate of potassa consists of 
Chevreul. 


Doiihedes fe. ed o, 4ED al aoe 
Oleieinet sc ob sie) = BdOiues. a eee 
1 


307 100 00 


Oleate of potassa 
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ELAIDINE. 


OLEATE oF Sopa is an easily-soluble salt. 


¢ 
+ 


Ouzare or Baryta is insipid, insoluble in water, very sparingly 
soluble in boiling alcohol, and soluble in oleic acid. 


OLEATE or Copper is green, and easily fusible. 


Oreste or Luap is liquid at 77°, and viscid at lower temperatures: 
it is soluble in alcohol and ether. 


Oxxonz is a liquid product obtained by distilling oleic acid with lime. 


‘Exawrne.—M. Poutet’s test of the purity of olive oil has been 
above adyerted to (p. 1132). The action of nitrous acid upon oil has 
been examined by M. Felix Boudet (Ann. de Ch. et Ph., u. 391); he 
finds that when olive oil is shaken with a mixture of 3 per cent. of 
nitrous, and 9 of nitric acid, it solidifies in the course of an hour: that 
linseed oil, nut oil, poppy oil, hempseed oil, and beech-mast oil, are not 
so solidified: almond oil, and rape oil, are more slowly but similarly 
changed. « Castor oil is also solidified, but the product is distinct *. 
M. Boudet applies the term Elaidine to the above product; and when 


saponified by potassa, it yields a peculiar fat acid, which he calls Elavdic 


acidt. 


" * Bussy and Lecanu (Jour. de Phar., 
xili.,) have elaborately examined the 
products of castor oil, and have obtained 
from it, as results of saponification, 
margaritic, (not margaric,) ricinic, and 
elaiodic (not the elaidic acid of Boudet) 
acids. "When castor oil is solidified by 
hyponitrous acid, (or by nitrate of mer- 
cury?) it yields a substance distinct 
from elaidine, called by Boudet palmine. 
‘When palmine is saponified, and the 
soap decomposed by an acid, palmic acid 
is separated. 
+ Rocellic, valerianic, and esculic acids, 
are placed by Dumas among the fat 
acids. JRocellic acid was discovered by 
Heeren, in the Rocella tinctoria: he ob- 
tained it by digesting the lichen in liquid 
ammonia, precipitating by chloride of 
calcium, and decomposing the rocellate of 
lime by hydrochloric acid, when rocellic 
acid subsides: it is washed, and purified 
by solution in ether, which afterwards de- 
posits it in silky crystals, fusible at 265°: 
soluble in twice their weight of boiling 
alcohol, and composed, according to 
Liebig, of (16 car+16h+40). The ro- 
cellates are analogous to soaps. 
Valerianic or valeric acid, passes Over 
with essential oil when the root of the 
Valeriana oficinalisis distilled with water : 


the product is mixed with carbonate of 
magnesia and water, and distilled: the 
oil passes over, and valerianate of mag- 
nesia remains: to this, dilute sulphuric 
acid is added, by which it is decomposed, 
and the. valerianic acid may now be 
obtained by distillation, partly floating 
upon the water, and partly dissolved in 
it. Itisa colourless oily liquid, smelling 
strong of valerian, specific gravity 0°94, 
acrid and acid to the taste, soluble in 30 
parts of water, and in all proportions of 
alcohol. According to Essling, as quoted 
by Dumas, this acid in its oily form is a — 
hydrate, composed of (10car-+10h+40), 
the anhydrous acid being represented by 
the equivalent= (10 car+9h+30). 
Esculic acid was obtained by Fremy, 
by digesting pulverized horse-chestnuts 
in alcohol: the solution left, on evapo- 
ration, a peculiar yellow viscous matter, 
probably identical with the saponin, ob- 
tained by Bussy (Jour. de Phar., xix.) 
from the root of the Egyptian Saponaria, 
(Gypsophila struthium?) 'This matter, 
when digested with solution of potassa, 
yields a soapy compound, from which 
the acids separate esculic acid. Such — 
details respecting its nature and proper- 
ties as have been ascertained, are given 
by Dumas (Chim, app. aux Arts. v. 296). 
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Tae volatile or essential oils are generally obtained by distilling the 
vegetables, or the parts of the plants which afford them, with water, in 
common stills; the water and oil pass over together, and are collected in 
the Italian recipient shown in the following cut, in which the water, 
haying reached the level a b, runs off by the 
pipe c, and the oil, being generally lighter than 
water, floats upon its surface in the space d. 
The whole contents of the recipient are then 
poured into a funnel, the tube of which is 
closed with the finger; and when the oil has 
collected upon the surface, the water is suf- 
fered to run from it and the oil transferred 
into a bottle. The distilled water, being 
saturated with the oil, should be retained for a oy Sy igiabits) 
repetition of the distillation. .The produce of ~ | 
oil is sometimes increased, by adding salt to the water in the still, so as 
to elevate its boiling point a few degrees. 

Some of the volatile oils are obtained by expression, such as those of 
lemon, orange, and bergamot, which are contained in distinct vesicles in 
the rind of those fruits. - | 

The volatile oils vary considerably in specific gravity, as shown by the 
following Table: — +k 


29-4 


Oil of Sassafras . ; 1094 | Oilof Tansy . : - 946 


» Cinnamon , ~ 1:035 » Caraway . . 940 
9 Cloves ‘ ° 1:034 »  Origanum. - 940 
» Fennel. ; : $97 » Spike . ; 936 
mr aTLitt : ° 994 » Rosemary . : - 934 
» Pennyroyal . : 978 » Juniper : : 911 
» Cummin . : 975 » Oranges . : . 888 
pb ink. : af 76 »  Lurpentine , . 872 
» Nutmegs . : 948 


The general characters of these oils are the following: they have a 
penetrating odour and taste, and are generally of a yellowish colour; they 
are for the most part very soluble in alcohol, and very sparingly soluble 
in water; these solutions constitute perfumed essences and distilled waters. 
_ The latter are principally employed in pharmacy, and the former as 
perfumes. When pure, they pass into vapour at a temperature somewhat 
above that of 212°; but when distilled with water, they pass over at its 
boiling point. They are very inflammable, and water and carbonic acid 
are the results of their perfect combustion. As many of these oils bear a 
very high price, they are not unfrequently adulterated with alcohol and 
fixed oils. The former addition is rendered evident by the action of 
water; the latter, by the greasy spot which they leave on paper, and 
which does not evaporate when gently heated. By long keeping, some 
of the essential oils are concreted into a substance resembling spermaceti; 
this is especially the case with the ottar of rose, and sometimes appears 
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connected with the destruction of its odoriferous principle. When oil of — 
aniseed is kept for many years it also loses its odour, and becomes entirely 
solid. Other oils become resinous by age. (Macctiiocn, Quarterly 
Journal, N.S., v. 291.) The volatile oils absorb oxygen, when long 
exposed to it, and become thick and resinous, Nitric and sulphuric 
acids rapidly decompose the volatile oils: a mixture of 4 parts of nitric, 
and 1] of sulphuric acid, poured into a small quantity of oil of turpentine, 
produces instant inflammation. They absorb chlorine, and hydrochloric 
acid is produced, along with a peculiar substance, called artificial camphor, 
Iodine produces changes somewhat analogous. Hydrochloric acid com- 
bines with several of them, and forms a crystallizable compound which ~ 
has also been compared to camphor. (See Camphor.) 

The relative quantity of essential oils, furnished from different mate- 
rials, is liable to much variation; the following are the average products 
of 1 cwt. of the different vegetable substances:— 


Ounces. 


Juniper-berries (common) . . 4 to 5 
be Mies (fine Italian) 4 ; di aoe 
Aniseed (common) , ; ; B32" a oS 
ay (finest) . ; 4 ‘ 36-05. (BB 

Ibs. oz. Ibs. 0zZ. 

Caraways . . 2 strom ‘3. 42° ita: -41 912 
Dill-seed . 5 ; 53); ke a 
Cloves § . . LO ee ae ee 
Pimento: 4 7s . $f BOD aS ee 
Fennel-seed  . : . ; oO 
Leaves of the Juniperus BRS : ; 0 i4 


The essential oils have recently been subjects of more interest to the 
chemist, from the results afforded by their ultimate analysis: these have 
shown het certain organic compounds, cemmonly arranged with the 
volatile oils, are binary compounds of carbon and hydrogen, or hydro- 
carbons: to these, allusion has already been made in the section on car- 
bon, and we shall now kave to consider them more in detail: others are 
binacy compounds of carbon, hydrogen, and oxygen, or oxides of hydro- 
carbon, and two or three of them are of a meré complex character, such 
as the oil of mustard-seed. 

A. To the first class belong the oils of turpentine, of lemons, and of 
copivi balsam; these are hy drocarbons, f 


J. Or oF TurPenTINE. CAMPIOGEN, or CAMPHENE.—Oil of turpens 
tine is one of the most important of these oils, in consequence of its 


_ numerous applications in the arts, especially in the manufacture of paints 


and varnishes. It is obtained by distilling tepentine with water, with — 
the vapour of which it readily passes over at 212°, though its boiling- 
point exceeds 314°. It is very sparingly soluble inalcohol. By exposure 
to air a part of it is converted into resinous matter, and a part into a 
peculiar acid matter, which, when distilled, deposits a crystallizable sub- ~ 
stance, upon exposure to cold. (Ann. de Ch. et Ph., xxxi. 442.) In 
consequence of the great inflammability of oil of turpentine, it is highly 
dangerous when kept in quantities. If preserved in wooden vessels they 
are yery apt to leak, hence the necessity of placing them in anothe. cask, 


. 
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surrounded by water. In common oil of turpentine Dr. Ure found 82:35 
earbon, 9°80 hydrogen, 7°85 oxygen: when purified by alcohol, the 
specific gravity of this oil was reduced from ‘888 to 878: it then appeared 

to be a binary compound of carbon and hydrogen, nearly resembling 
naphtha in composition. This suggestion, thrown out by Dr. Ure (Phil. 
Trans., 1822), has since becn verified by Dumas, who deprived it of all 
adhering water and acid, by agitating it with quicklime, subjecting it to a 
careful distillation, and finally digesting it with chloride of calcium. In 
this state its specific gravity is ‘860, and its boiling point 312°. From 
the density of its vapour (4°763) Dumas infers that it contains, in the 100 
volumes, 500 volumes of carbon vapour and 800 of hydrogen, and as 


500 Cubic inches of carbon vapour weigh . . 131°5 
809 Ss hydrogen gas. 0 "92 TPO 


190 a of turpentine vapour . .= 1485 


These weights bear the ratio to each other of LO equivalents of carbon to 
8 of hydrogen, or a8 


Dumas. 
Carhen oe Ss ON 6000-882 88°5 
LS Se area | Ea eee | Tia PIG oe fae 31S 
Oil of turpentine 1 68 100°0 106°0 
The calculated density of its vapour is 4°74; or, 
5 Volumes of carbon vapour . . =0°840*5= 4:20 
8 an hydrogen . . 2. =0°068% 8= 0°54 
4°74 


: 


1, Campror.—This substance, which in many respects resembles the 
essential oils, being like them, volatile, inflammable, soluble in alcohol, 
and sparingly soluble in water, has been shown by Dumas to be an oxide 
of an hydrocarbon identical in composition with pure oil, of turpentine; 
hence the term Camphogen or Camphene, applied to that oil. In its or- 
dinary state camphor is white, semi-transparent, and concrete. Its specific 
gravity is ‘98. It fuses at about 300° in close vessels, and rises rapidly 
in vapour. It dissolves in the fixed and volatile oils. It is scarcely acted 
upon by the alkalis; some of the acids dissolve, others decompose it. 
(Cuevrevut, Ann. de Ch., uxxiii.) It dissolves in sulphuric acid, forming 
a brown solution, from which it is at first precipitated, unaltered, by 
water; sulphurous acid is afterwards evolved, the solution becomes black 
and thick, and, after some days, affords a brown coagulum on the addition 
of water, and smells fragrant and peculiar. On distilling the diluted 
liquor, water and a yellow oil pass over, a little sulphurous acid. is 
then disengaged, and a black matter remains in the retort, which, when 
digested in alcohol, affords a portion of soluble matter having some of the 

_ properties of artificial tannin. (Harcnert, Phil. Trans., 1805.) 

If mixed with bole or powdered clay, and repeatedly distilled, camphor 
is almost entirely converted into a liquid, having the characters of essen- 
tial oil, It also furnishes a peculiar yellow oleaginous product, when 
its vapour is passed through a tube over red-hot iron; this product is, 
according to F, D’Arcet, a peculiar hydrocarbon. (nn.-de Ch. et Ph, 
Lxvi. 110.) 
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The camphor of commerce is obtained from the Laurus camphora, 
and comes chiefly from Japan. It is originally separated by distitation & 
and subsequently purified in Europe in a subliming-vessel somewhat of — 
the shape of a turnip, from which the cakes of camphor derive their form. 
There are other trees and plants which afford it. 

The specific gravity of the vapour of camphor is 5-29, which corre- 
sponds with 


5 ‘Voluntes 0f carbon vapour | . . . . = 4°20 
8 i hydrogen gas ws. we | = 054 
4 99 oxygen ° e ° ° * ry ° ry = 0°55 

5'29 


Hence, camphor appears to be the proloxide of camphogen, or to 
consist of . 
. Dumas. Ure. 

Carbon © RR OS” Fe SS aa es oe ae ee 
Hydrogen 8 a 18 ~ 105 2.0.) 1086 2. 1658 
Oxygen. 1 2 Beem (OS™. . 1630 eee 
1 


Camphor 16 100°0 — 100-00 100-00 

2. Campnoric Acip.— When camphor is repeatedly distilled with 
nitric acid, it is converted into camphoric acid. For this purpose, 4 
ounces of camphor, reduced to powder by triturating it with a few drops 
of spirit of wine, may be introduced into a two-quart tubulated retort, 
placed in a sand-heat; pour upon it 30 ounces of common nitric acid, 
and proceed to slow distillation. When two-thirds of the acid have 
passed ‘over, return it into the retort and distil as before, repeating the 
operation twice more; after which, as the liquor cools, a quantity of 
crystals of camphoric acid are deposited, which are to be washed and 
dried. This acid assumes the form of plumose crystals, soluble in about 
100 parts of water at 60°, and in rather more than | part of alcohol. Its 
taste is acid, and somewhat acrid, and it has an aromatic odour. Exposed 
to heat, it sublimes unaltered. It combines -with the salifiable bases, 
constituting a class of salts called Camphorates. 


Camphoric acid, in its anhydrous state, is composed of 
' Dumas, 
Carbour 0 «+ 10 » 60 -s> 556 55, .b603 
PYGPoven, 5s. Og » 8) eet p f o08 2) one 
Oxygen . 5 49 . . 370 . '. 36°65 


Camphoric acid 1 108 100°0 100°00 


The crystallized acid, according to Brandes, includes ] atom of water: 
it appears, therefore, that camphoric acid is = (camphor + 40), or 
(camphogene +50). 


Campuoratrs.—The neutral camphorates include 6 atoms of oxygen ; 
namely, 1 in the base and 5 in the acid. They have a bitterish aromatic 
flavour, and are decomposed by the stronger acids. Subjected to destruc- 
tive distillation they yield water, empyreumatic oil, and charcoal: in the 
air they burn with a blue or reddish flame. The camphorates of ammonia, 
potassa, and soda, are very soluble, deliquescent, and difficultly crystal- 
lizable; they are soluble in alcohol. The camphorates of baryta, lime, 
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strontia, magnesia, and manganese, are also soluble in water. If the cam- 


phor has not been perfectly acidified, the camphoric acid retains it in com- 


bination, and the salts are rendered much less soluble. The camphorate of 


peroxide of iron, of tin, zinc, lead, copper, uranium, protoxide of mercury: 


and of silver, are insoluble, or nearly so. 


3. Hyprare or Or or Turpentine. Hyprate or Campnogen.— 
Dumas has described, under this term, a crystalline compound, which is 
often found in mixtures of oil of turpentine and water; and, in cases 
where drops of water have adhered to the interior of bottles containing 
oil of turpentine, each drop has been found successively converted into a 
tuft of crystals. It is colourless, tasteless, and odourless, crystallizes in 
rhomboidal prisms forming stellated groups, and is heavier than water. 
It fuses and sublimes at temperatures of about 300° to 360°. It dissolves 
in 22 parts of boiling water, and crystallizes as the solution cools: alcohol 
and ether also dissolve it. Peligot and Dumas have observed the same 
compound in essential oil of cardamoms, and it is probably not an uncom- 
mon product. It consists of (10CaY +11 h-+s 0), or of 


ADIOS oe aid sh pr G8! ao wt iTiee 
Wider, ait ts ee PE ES 
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Hydrate of camphogen 95 100°0 


4, Hyprocntorate or Campsocen. ARTIFICIAL Campuor. — This 
curious substance was discovered by Kind (Ann. de Ch., ti. 270); it is 
formed by slowly passing dry hydrochloric acid gas through oil of turpen- 
tine surrounded by ice, so as to keep down its temperature; the quantity 
of the product is very variable, but sometimes equals or exceeds that of 
the oil of turpentine employed, the oil absorbing a third of its weight of 
acid, ‘The artificial camphor separates in the course of some hours. It 
is white, crystalline, of a peculiar and somewhat camphory odour, fusible 
below 212°, soluble in about 3 parts’ of pure alcohol, and deposited in 


-erystals from a hot saturated solution. It is volatile, but not without 
decomposition, for when sublimed in a retort a little hydrochloric acid is 


always formed: it is decomposed by lime, and the oil evolyed unaltered 
in its composition. 

The mother-liquor, from which this hydrochlorate is deposited, is 
fumiug, pungent, and lichter than water: when distilled, it yields a clear 
yellow oil, and leaves a brown residue. (Buancuer and Sexx, Jour. de 
Phar., xx. 224.) Hydrochlorate of: camphogen consists of (20car-+izh 
fC), OL 0 
| cae Te taro ee 


Camphogen , . . 4+ 2 
; A ets 2 Ope a) ee aes 
1 


Hydrochloric acid 


Hydrochlorate of camphogen 173 160°0 


If. Essentian Om or Lemons. Crrrenr, — This oil is generally 
obtained by expression, from the exterior rind of the fruit of the lemon. 
(Citrus medica.) | It is also obtained by distillation, In the former case 
the oil is extremely fragrant, but somewhat turbid, and liable to change 
in consequence of the presence of a little mucilage: the distilled oil is 


v 


perfectly limpid and permanent, z 
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Essence of lemons, when pure, is colourless, limpid, and very fragrant. 
Its specific gravity is 0°847 at 70°. It dissolves in all proportions in 
anhydrous alcohol, but 100 parts of alcohol, of specific gravity “837, only — 
dissolve about 15 parts. It consists, according to the analysis of Dumas, — 
of carbon and hydrogen in the same relative proportions as in oil of tur-_ 
pentine, but they are one-half less condensed, so that it may be repre- 


sented by (5 Car +4 h), or Dumas. 


Carbon’ J's 6) ¢ 2D ale, OU UO Coe ae tig ee 
Hydrogen’. "liv. "ate ee aa em tee one 


Essence of lemons 1 34 100°0 100°0 


The essential oils of bergamot, of cedrato, and probably of orange, are 
similarly composed. 


1. Hyprocutoratre or Cirrrenr.—An artificial camphor may be ob- 
tained from essence of lemons by the same process as that applicable to 
essence of turpentine. Blanchet and Sell (Jour. de Phar.) regard the 
essence of lemons (as also that of turpentine) as a mixture of two distinct 
hydrocarbons, one of which yields the crystallizable camphor, and the 
other the uncrystallizable fuming mother-liquor; to these they have 
applied the terms cifronyle and citryle. According to Dumas, the crystal- 
lizable product is white, lamellar, or nacreous, fusible at 105°, and con- 


cretes into a brilliant mass on cooling. It consists of (10 CQ? +9 h+c), or 


Citrene’ > S002. Ss" Se ap oom ames sane 
Hydrochloric acid . . 1 . . 37 « « 302 
1 


105 100°0 


Ilydrochlorate of citrene 


IIT. Orn or Coriv1.—The balsam of copivi, which is an exudation 
resembling turpentine, from several species of Copaifera, yields, when 
distilled, a peculiar fragrant volatile oil, which, when deprived of water by 
digestion with chloride of calcium, has a specific gravity=0°878: absolute 
alcohol dissolves two-fifths its weight of it, and it is soluble to any extent 
in ether and in sulphuret of carbon: it dissolves sulphur and phosphorus, | 
and absorbs chlorine, which renders it viscid; when dropped upon iodine, 
heat and hydriodic acid are evolved. It forms, with hydrochloric acid, a 
compound analogous to artificial camphor, and also a fuming liquid. This 
oil, according to Blanchet, corresponds in composition and in atomic con- 
stitution with the oil of lemon. 


B. The second class of essential oils, or those which are oxides of 
hydrocarbon, includes the greater number of those products: their real 
nature is, as yet, but imperfectly understood, but it is highly probable 
they are solutions of a substance analogous to camphor in liquid hydro- 
carbons, and that they may, therefore, be atomically represented by 
(car + h)+(car+h+ 0). Some of these oils, when exposed to cold, | 
yield crystalline deposits, which are modifications of camphor, or solid 
oxides of hydrocarbon: those from oil of peppermint and oil of aniseed 
have been examined by Dumas, and several others have been noticed and 
analyzed; the deposit from oil of roses, oil of sassafras, oil of cannamon, 
(Dumas and Pexicor, Ann. de Ch, et Ph,, wii. 311,) and many others, 


a 
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which are gradually deposited, or formed by the action of air, are pro- 
bably of the same nature. Such of these oils as are most dense, are, 
according to Dumas, most highly oxidized; some of these pass into resins, 
and others exhibit a tendency to combine with bases; this is especially 
the case with oi! of cloves and pimento. (Bonasrre, Jour. de Phar., Xili.) 
According to Dumas, the composition of oil of cloves may be represented 
by (0 car+13h+50), giving an equivalent = 173, and combining, in this 
proportion, with an equivalent of ammonia; so that 173 oil of cloves-+17 
ammonia would form 190 of caryophyllate of ammonia. The crystalline 
deposit from oil.of.cloves which has been long kept, is stated by Dumas 
to be not only analogous to, but identical with, camphor. 


§ XIV. Benzuie. Beyzoic Acip. Amyepauine. CrnnaMuLe. 


Amonasr the essential oils, that which is obtained by distilling the 
cake which remains after the fixed oil has been expressed from bitter 
almonds, is perhaps the most interesting. In its ordinary state, this oil 
is a mixture of hydrocyanic acid, and a peculiar volatile oil, neither of 
which pre-exist in the almond, but are produced by the action of heat and 
water, during the distillation, upon a peculiar principle contained in the 
almond, and which has been termed amygdaline. (Nouvelles Expériences 
sur les Amandes Améres, et. sur l Huile Volatile qwelles fournissent, par 
Ropiquer et Bourron-Cuartarp, Ann. de Ch. et Ph. xuiv. 352.) 
The essential oil may be separated from the hydrocyanic acid, by agitating 
it with a solution of potassa and protochloride of iron, and subjecting it 
to distillation; and it may then be deprived of adhering water, by redistil- 
Jing it over quick-lime. (Wduuer and Linsic, Ann. de Ch. et Ph., ui. 
273. 

When thus purified, that is, deprived of hydrocyanic acid and water, 
the essential oil is clear and colourless, and its odour resembles that which 
it originally possessed: its flavour is hot and aromatic; its sp. gr.=1-043. 
It is very sparingly soluble. in water, but alcohol dissolves it in all pro- 
portions. It is inflammable, but it may be passed, without decomposition, 
through a red-hot tube. Exposed to air, or other source of oxygen, it is 
converted into crystallized benzoic acid, and this conversion is extremely 
rapid under the direct influence of solar light. Exposed to the joint 
action of air, water, and a solution of potassa, benzoate of potassa is 
formed; and if the experiment be made over mercury, the ascent of the 
mercury indicates the absorption of the oxygen. It is not altered by the 
anhydrous alkalis; but when heated with Hydrate of potassa out of the 
contact of air, benzoate of potassa is formed, and hydrogen evolved. 

‘It. has been shown by Liebig and Wohler, that the atomic constitu- 
tion of this oil is such, that it may be regarded as the hydruret of a base 
composed of carbon, hydrogen, and oxygen, which base cannot be isolated, 
but may be transferred, without decomposition, from one combination to 
another, in the same manner as cyanogen. Combined with oxygen; this 
base produces benzoic acid; hence they have termed it benzule. 


Benzvu1e is represented by (141Car+5h+20): or it consists of 


, 
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Carbon’ , 14. . 84 « « 80°00 
Hydrogn 5 « «. 5. « 476 
Oxyeen . BH aavg 1Gi te 6 ye hoes 


Benzule } 105 100°00 


Hypruret or Benzvue is the above-mentioned purified oil of bitter 
almonds, deprived of hydrocyanic acid, in which state it consists of (BEN 
+h), or 105+1==106: its ultimate composition being 
Dumas. * 
Carbon ohar 2e te 14 ° 6 GAs 's 79°2 . 79°57 
Hydrogen 6 + 6 6 ew Ge 4H SF a 6 SE 
Oxygen « « ‘ « 16 «). (Keb i « 1487 


2 
Hydruret of benzule 1 106 100°0 100°00 
Cutorme or Benzute.—When chlorine is passed through the above 
hydruret, it is absorbed, heat and hydrochloric acid are evolved, it becomes 
yellow, and when no more hydrochloric acid is formed, the liquid is 
heated; it becomes limpid and colourless, and is then pure chloride of 
benzule; its sp. gr.is 1:196: its odour is pungent and irritating, its 
boiling-point high, and it burns with a greenish sooty flame: when poured 
into water it falls to the bottom, where it remains insoluble; but by 
boiling, it forms crystallized benzoic acid and hydrochloric acid. It may 
be heated with baryta and lime without decomposition, but with hydrate 
of potassa it yields chloride of potassium and benzoate of potassa. It 
dissolves phosphorus and sulphur, with the aid of heat, but deposits thent 
in crystals as the solutions cool. With the solid chloride of phosphorus 
it evolves heat, produces the liquid chloride, and an oily compound of a 
penetrating odour. It dissolves in alcohol, and the solution soon becomes 
so hot as to enter into ebullition, hydrochloric acid is evolved, and on the 
addition of water benzoic ether separates. | 
Chloride of benzule is represented by (Ben C), or 105 +36 = 141. 


it consists, therefore, of 
Dumas. 
Carboté « « « « Mee ¢ 84 6 & SOBF « « 6002 
Hydrogen ss «© 5 2 ue Be 6 BBO e . Fl 
Oxygen... « «6,2 -« a» «4 135,64. ¢ boo 
I 
1 


— 


Chlorine . . 36 s «\ 258.5 . jetee 


Chloride of benzule 141 100°00 100:00 


Tope or Benzunn is formed by distilling iodide of potassium with 
chloride of benzule: it passes over as a brown liquid, which concretes on 
cooling, and which, when freed from mixed iodine, is a white crystalline 


solid: it consists of (BEN + 2), or 105+ 126 = 231. 


Brommpr or Benzue is produced by the direct action of bromine on 
the hydruret of benzule: it is brown, crystalline, soluble in alcohol and 
ether, and by continued ebullition with water is converted into benzoic . 


and hydrobromic acids. It is represented by (BEN +b), or 105 + 78 
= 183. 


Sutpnuret or Benzute is formed by distilling chloride of benzule — 
with finely-powdered sulphuret of lead: it distils over in the form of an. 
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oily fluid, which concretes into a yellow crystalline mass: it smells of 
sulphur; water does not affect it, but when boiled with a solution of 
potassa, benzoate and hydrosulphuret of potassa are formed. This com- 


pound is represented by (Ben + S$), or 105 +16 — 121. 


Cyanuret or Benzute.—When chloride of benzule is distilled off 
eyanuret of mercury a yellow oil passes over, and chloride of mercury 
remains in the retort. When the liquid is rectified it is colourless, but 
soon becomes yellow; it has a pungent irritating odour, a biting and 
sweetish flavour, which a little resembles that of oil of cinnamon. It 
is denser than water, and is converted by its action into benzoic and 
hydrocyanic acids: it burns with a white fuliginous flame: its symbol is 
(Ben + CY), or 105426=131. ‘The ultimate elements of this curious 
compound are 


Carbon . Sates take a SO clue TE 


Hydrogen . Se, ee a on 
Oxygen e e e « 2 e © ] 6 ® 6 ] 22 
Nitrogen . 14 10°7 
Cyanuret of benzule 1 131 100°0 


BenzamipE.—Dry ammoniacal gas is rapidly absorbed by chloride of 
benzule, heat is evolved, and a white crystalline solid formed, consisting 
of sal-ammoniac, in combination with a new substance called by Liebig 
and Wohler Benzamide, from its analogy to oxamide. When the pro- 
duct is first washed in cold water, and then dissolved in boiling water, 
the benzamide crystallizes as the solution cools. Benzamide is also 
_ formed during the mutual action of hippuric acid and binoxide of lead F 
when they are boiled together in water, carbonic acid is evolved, and 
hippurate of lead and benzamide remain in solution. Sulphurie acid 
(not in excess) is then added, and the whole again boiled with a fresh 
portion of the binoxide, and this operation is repeated till the whole of 
the hippuric acid is decomposed; the liquid, when freed from lead, 
_ yields crystals of benzamide on evaporation. 

Benzamide fuses at 240° into.a limpid liquid, which coneretes into a 
foliated mass: at a higher temperature it boils, and distils over unaltered: 
its vapour burns with a smoky flame. It dissolves in aleohol, and in hot 
ether. Triturated with caustic potassa it evolves no ammonia, but when 
boiled in caustic potassa, ammonia is evolved and benzoate of potassa 
formed. Boiled with sulphuric acid, benzoic acid sublimes, and sulphate 
of ammonia is formed. The ultimate elements of benzamide, regarding 


it as a compound of benzule and amidé, are (4 car+sh+20)+ 
(N+ 2h), or 105+ 16= 121, and may therefore be thus represented :— 


Dumas. 
Cavbos  . Hon i 84 6. 695 6. 69°73 
Hydrogen Biwidy Boe 0a SR cave hy SOR 
Oxygen 2 a, 16 fe. g ERD. ho IS0R 
Nitrogen . 1 BED Pr OV ee nee ees 


Benzamide 1 ~ 191 100°0 100-00 


Hence, the action of ammonia on chloride of benzule is such, that 
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l atom of the chloride, and 2 atoms of ammonia, produce 1 atom of 
sal-ammoniac, and 1 atom of benzamide: or, . 


1 Chloride of Benzule. + 2 Ammonia. 
(ucar +sh+204+0) + 2n+3h) 
produce 
1 Benzamide. + 1 Sal-ammoniac. 
ene eee EPS eh ee 
(scar +7h+420 +N) 4°" (nh 2 tee) 


Benzing, or Benzorne.—This substance, known under the name of 
camphor of essence of bitter almonds, is produced in the form of a 
crystalline deposit, when the oil is left for some weeks in contact with 
a strong solution of potassa; it may be purified by solution in hot 
aleohol and filtering through animal charcoal: as the alcoholic solution 
cools it forms prismatic crystals, fusible at 248°, tasteless and inodorous, 
and coinciding with the original oil (hydruret. of benzule) in compo- 
sition. (W06HLER and Lizpic.) | 


Beyzorc Acw. (Bren + 0.)—This acid has lately acquired much 
interest to the theoretical chemist, in consequence of its relation to the 
compound radical or base which I have just described under the name of 
Benzule, and of which it is, in fact, an oxide. Benzoic acid exists ready- 
formed, in benzoin, which is the resinoid exudation of the styrax benzoe, 
whence its name; it is found also in some of the balsams*, and is pro- 
duced by the action of heat, acids, and alkalis, on amygdaline, benzamide, 
and hippuric acid; lastly, it is formed by the action of oxygen on the 
hydruret of benzule, above described. 

Benzoic acid is usually obtained by heating benzoin in a convenient 
vessel or apparatus, such as a crucible, with a cone of paper attached. to 
its mouth; the acid condenses in it in fine acicular crystals, which were 
formerly called flowers of benzoin. A good process for procuring this 
acid is that recommended by Mr. Hatchétt, which consists in digesting 
benzoin in sulphuric acid, when it affords, on the application of heat, a 


copious sublimate of pure benzoic acid. (Additional Experimenis on 


Tannin, Phil. Trans., 1808.) It may also be obtained by boiling a 


pound and a-half of powdered benzoin with 4 ounces of quick-lime, in 6. 


or 8 quarts of water. When cold, the clear liquid is decanted, and the 


residuum again boiled in half the former quantity of water. The liquors - 


thus obtained are boiled down to half their bulk, filtered, and mixed 
with hydrochloric acid, as long as it occasions a precipitate, from which the 
liquor is poured off, and, when dry, it is put into an earthen vessel placed 
in a sand heat, and sublimed into paper cones. 

In making benzoic acid upon a large scale, by the process of subli- 
mation, the better kind of benzoin is most economically employed: it 


may be put into an iron pot, set in brickwork over a proper fire-place ; 


the sublimate is most conveniently received into a large wooden box 


* The balsams of Tolu and of Peru Fremy (Ann. de Ch. et Ph., LXX. 180), 


have generally been regarded as con- they contain cinnamic acid. 
taining benzoic acid; but, according to . 


>. 
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lined with paper, communicating by a conical iron or tin-plate neck with 
the subliming pot. The first product may be sublimed a second time in 
the same apparatus; and, by conducting the process rather rapidly, the 
acid condenses in beautiful acicular crystals, somewhat elastic. If 
slowly sublimed, it is more scaly, By this process of sublimation, 
good benzoin yields 10 to 12 per cent. of acid contaminated by empy- 
reumatic oil, and which, when pressed between folds of blotting-paper, 
and again sublimed, is reduced to the proportion of 8 or 9 per cent. of 
the purified acid *. 

Benzoic acid, when it has been thus sublimed, is in the form of plu- 
mose or acicular crystals, inflammable, fusible at 230°. and boils at 

460°; it is light, of an aromatic and slightly sour taste, soluble in 25 
_ or 30 parts of boiling water, and in 200 of cold water. It is much 
_ more soluble in alcohol; and this solution easily furnishes it pure, and 
in prismatic crystals. It is soluble, without immediate change, in nitric 
and sulphuric acids, and in many other acids by the aid of heat. The 
oils also dissolve it. When the vapour of benzoic acid is passed over 
red-hot iron, it is converted into carbonic acid, and a peculiar oil is 
formed, which has been examined by F. D’Arcet. (Ann. de Ch. et Ph., 
Lxvi. 99.) According to this chemist, the oil is a hydrocarbon composed 
of 24CAP + 2h, which + 2CQ@?’, constitute benzoic acid. But these 
atomic views are not consistent with those generally adopted. 

According to Dumas and Mitscherlich, the density of the vapour of 
benzoic acid is 427. Anhydrous benzoic acid may be represented by 
(Ben + 0), that is, as an oxide of benzule ; or 105 + 8 = 113: its 
ultimate components therefore are, 


9 


Dumas. 
Carbon . oe we Lf 5 Ode 743 0. 2. 74:7 
Hydrogen. . Sas Of or st ae 4°3 
Oxygen cuveiySkabowes Wistmaee\ we 2153 * 3 21°0 
. Anhydrous benzoic acid 1 113 100-0 100°0 


The crystallized acid contains 1 equivalent of water, and is repre- 
sented by (bens + q), or 1183+-9=122, The water cannot be expelled 


by heat, and is contained in most of the benzoates. The benzoate of 
silver is anhydrous. 


Benzoates.—In the neutral anhydrous benzoates, the oxygen in the 
acid is to that in the base as 3 to 1: these salts are easy of decomposition, 
and their solutions give a precipitate of benzoic acid with the stronger 
acids:. they give a dingy-red precipitate with the persalts of iron, Many 


-* According to Stoltze, good benzoin 
should yield 12 or 13 per cent. of pure 
acid by the process of sublimation ; and 
18 per cent. by the following process: 
Dissolve 1 part of benzoin in 3 of al- 
cohol; neutralize the solution with car- 
bonate of soda dissolved in a mixture 
of 8 parts of water and 3 of alcohol: 
add to the mixture 2 parts of water, 
and distil off the alcohol: decant. the 
residuary liquid from the resinous depo- 
sit, and decompose it by sulphuric acid. 


ia 
7 


Benzoic,acid is also made by evaporating 
the urine of cows, horses, &c., precipi- 
tating the hippuric acid by hydrochloric 
acid, and decomposing this product by 
nitric acid: it obstinately retains an 
urinous odour, which may be covered by 
mixing it with about a twentieth part of 
benzoin, and subliming. (See Urine.) 
In some cases, benzoic acid may be 
economically prepared by subjecting 
essence of bitter almonds to the action 
of the air. 


4G 
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ef the benzodtes which are not soluble in water are soluble in hot 
solutions of acetate of potassa and soda, and in nitrate of soda; but they 
are insoluble in nitrate of potassa, and in the sulphates of potassa and soda, 


Benzoate or Ammonia forms deliquescent plumose crystals, very — 
soluble in water. Berzelius recommends this salt as a precipitant of 
peroxide of iron, which it throws down of an orange-red colour. Cry- 
stallized benzoate of ammonia consists, according to Thomson, of 1 
proportional of acid, 1 of base, and ] of water. | 

Brnzoate oF Porassa (ben +P+ q) is a very soluble deliquescent 
salt; if it be digested with benzoic acid, a bibenzoate of potassa results, 
which, according to Bucholz (Ann de Ch., uxxxiy.), forms acicular and 
lamellar crystals, requiring 10 parts of water for their solution, 

Benzoate or Sopa forms efflorescent crystals, very soluble in water. 


Benzoate or Lime forms acicular crystals, sparingly soluble in cold 
water. Vauquelin found this salt in the urine of the cow. Benzoate of 
ammonia forms a copious white precipitate when added to solution of 
chloride of calcium, which is soluble in hot water. When benzoate of 
lime is subjected to destructive distillation, it yields two fluid products, 
namely, Benzone (13CA? +5 h+o) and Bengzole (12 car +6h). Naptha- 
line is also at. the same time formed, carbonic oxide is evolved, and carbon 
and carbonate of lime form the residue. (Peticot.) The following 
formule, illustratiye of these decompositions, are given by Liebig:— 


Gscar+5h+0) , , : - c= Benzone 
(car +20) : : : == Carbonic acid 
fAgi-O). ene. case RS Lime 


(as car+s h +30)+ (cal+ 0 , .22 Benzoate of lime. | 


Qocar4+4h) . .  , = Naphthaline 

(2 Car +6 h) ; : : - = Benzole 

2(CAYr +40) : é - c= 2 Carbonic acid 

2(car +0) : - = 2 Carbonic oxide 

2(cal +0)+2car : - == 2 Carbonate of lime and 2 carbon 


(28 CAP + wh +60)+2 (cal+ 0) == 2 Benzoate of lime. 


BenzoaTEe or Baryrta is soluble and crystallizable. 


I 


Benzoate oF Srrontta is also a soluble salt. 
. Benzoate or Macnesta forms soluble plumose crystals. 


Benzoate oF Mancantse forms beautiful prismatie crystals, which 
are soluble in 20 parts of cold water, and in alcohol. ; 
Benzoate or Irnon,—Benzoate of ammonia forms an insoluble per- 
benzoate when added to solutions of peroxide of iron, of a reddish colours 
in the protosalts of iron, it forms a white precipitate. 
° BENZOATE or Zinc forms soluble acicular erystals when there is 
excess of acid: the neutral benzoate is insoluble. ; 


BENZOATE oF Tin is insoluble, or nearly so, in water. 
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BenZoATE oF Copper is a fine blue compound, difficultly soluble in 
water, but soluble in excess of benzoic acid, and insoluble in alcohol. 


BrEnzoatTs oF Luap is insoluble, except there be excess of acid; it 


then forms nacreous crystals. 


BanZoATE oF ANTIMONY has not been examined, 


BenzoatE or Bismuru forms white acicular crystals, permanent in the 
air, soluble in water, and sparingly soluble in alcohol. (TRommsporp, 
Ann. de Ch., xi.) When benzoate of ammonia is added to acid nitrate 
of bismuth, it forms an insoluble white precipitate; Trommsdorf’s salt 
therefore is probably a bibenzoate. 


Brnzoatse oF Copatt.—Benzoate of ammonia forms no precipitate 
in solutions of cobalt. 


Brnzoate or Uranium is a difficultly soluble straw-coloured com- 
pound, formed by adding benzoate of ammonia to nitrate of uranium. 


BrnzoaTeE oF NickeL.—Solutions of nickel are only rendered slightly 
turbid by benzoate of ammonia; benzoate of nickel is probably therefore 
a soluble salt. . 


BENZOATE OF Mrroury.—Benzoic. acid forms. white precipitates in 
the solutions of mercury. 


BENZOATE oF SILVER, obtained by digesting moist oxide of silver in 
benzoic acid, forms acicular crystals; but benzoate of ammonia produces 
an abundant insoluble precipitate in solution of nitrate of silver. This 
salt is anhydrous, and consists of 116 oxide of silver-+118 benzoic acid. 


BENZOATE oF ALUMINA forms arborescent crystals. 


AmyapAaLin.—This curious substance, discovered by Robiquet and 
Boutron-Charlard, is obtained as follows:—Bitter almonds are powdered 
and subjected to powerful pressure to separate the greater part of the 
_ fixed oil: the residuary cake is powdered and repeatedly boiled in alcohol 
(of 93 to 94 per cent.), and the solutions thus obtained are mixed and 
- distilled in a water bath till the alcohol has passed over: the viscid liquid 
which remains is then diluted with water, a little ferment added, and the 
mixture kept in a warm place, when fermentation ensues; when this has 
ceased, the liquid is filtered, evaporated in a water-bath to the consistence 
of syrup, and mixed with alcohol, by which amygdalin is thrown down 
in the form of a white crystalline powder which requires to be purified 
by a second solution and crystallization. About 4 or 5 per cent. of amyg- 
dalin are thus obtained from the cake. 

_ Amygdalin forms small crystalline grains, inodorous,. and slightly 
tasting of bitter almonds: it is scarcely soluble in alcohol, very soluble in 
water, from which it may be obtained in prismatic hydrated erystals. 
When distilled with ‘dilute nitric acid, it is resolved into hydruret of 
benzule, ammonia, and benzoic, fib and carbonic acids. The fited 
alkalis conyert it into amygdalic acid and ammonia, Its ultimate consti-. 
tuents are :— 
| 4G2) 


1156 AMYGDALIC ACID. 


Carbon . 40 . . 240 é 

Hydrogen ._ 27, ..'*. 27°... 
Oxygen . 22. . 176 . . 3813 

Nitrogen*, (91) *'s 0 14 : 


= — —_———— 


Amygdalin 1 457 100°00 


When amygdalin in cold aqueous solution is mixed with emulsin*, 
it suffers decomposition, and hydrocyanic acid and hydruret of benzule 
are immediately formed: hence it is, that no hydrocyanic acid or volatile 
oil can be discovered in the bitter almond till it is wetted, as when chewed 
or triturated with cold water into an emulsion: if boiling water be used, 
the emulsin is coagulated and no hydrocyanic acid or hydruret of benzule — 
is formed, so that to obtain those products, the mare or cake must be 
digested in water below 140°, and then distilled. A peculiar form of 
sugar and formic acid are also results of the mutual action of amygdalin 
and emulsin. According to Liebig and Wohler (Handworterbuch der 
Chemie), 1 atom of amygdalin includes the elements of | 

Atoms of 


TS 
Carbon. Hydrogen. Oxygen. Nitrogen. 


1 atom of hydrocyanic acid . : Dies, 2) OSG 1 
2 atoms of hydruret of benzule’ . be Mes 4 0 
1 atom of sugar. ; : 5 Gye hh 7 0 
1 atom of formic acid : : : 4542 6 0 
5 atoms of water. ‘ : : D rane D 0 
1 atom of amygdalin . : : s* AO MO Djinn 22 1 


Amyepatic Actp.—This is the product of the action of caustic alkalis 
upon amygdalin: it may be obtained by boiling amygdalin in baryta 
water; ammonia is evolved, and amygdalate of baryta remains in solu- 
tion; this may be decomposed by the due addition of dilute sulphuric 
acid, and on evaporating the filtered solution an imperfectly crystalline 
residue is obtained, which becomes gumlike when dried, is very soluble 
in water, deliquescent, insoluble in cold, and very sparingly soluble in 
boiling alcohol: its aqueous solution is slightly sour. When this acid or 
its salts are heated with sulphuric acid and black oxide of manganese, 
carbonic acid, formic acid, and hydruret of benzule are formed. 

The ultimate elements of anhydrous amygdalic acid are: — 


Liebig. 
Carbon! 2": 5708) PSAP O40 FF EV 2AOV nr, fgets, itr, BRR : 
Hydrogen! oi} dtsdsriny 226 hibsmaq26a birt eT OS io ele 
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Anhydrous amygdalic acid 1 458 100°0 100-000 


* This term has been applied to a | emulsin, and fixed oil, and so long as 
principle which constitutes the greater | water is not present the amygdalin and 
part of the sweet and bitter almond: | emulsin cannot react on each other. 
Robiquet has called it Synaptase. It is | When the bitter almond cake (which 
soluble in water and precipitated by | has been deprived by pressure of the 
alcohol in white flocks, which are again | greater part of“its fixed oil) is digested 
solyble in water. It is not precipitated | in alcohol, the amygdalin is dissolved 
by acids or oxide of lead: at 140° it | and the emulsin coagulated. Emulsin 
coagulates like albumen. The bitter | isa modified albumen; it disengages am- 
almond consists chiefly of amygdalin, | monia when acted on by caustic alkalis. 


a 
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This acid is formed by adding the elements of 2 atoms of water to, 
and abstracting those of 1 atom of ammonia from amygdalin, for 


1 atom of amygdalin te 0Car +27 h+20+2) 
+2 atomsof water . ‘ 2h+ 20 
car +2h+s0+n 
—1 atom of ammonia . re ( sh +n 
1 atom of amygdalic acid ; : — 40 CAL + 26 h +240 


CinNAMULE.—This term has been applied by Dumas and Peligot to 
the hypothetical radical of oil of cinnamon, and of the crystals which form 
in it when long exposed, and which they have called cimnamic acid: 
the following are the formule of these compounds :— 


Cinnamule . 


Oil of cinnamon (hydruret of cinnamule) 
Cinnamic acid (oxide of cinnamule) : 


§ XV. Resins. 


AMBER. 


. . (8car+7+20) 
(scar+sh+20) 
(asCar +7 h+s0) 


CaoutTcHouc. 


Tur Resins are solid substances, which often exude spontaneously 
from trees and plants, or are extracted from other products by the agency 


chiefly of alcohol, in which they are more or less easily soluble*. 
and their alcoholic solutions, when mixed with 


are insoluble in water; 


They 


water, are rendered barhid and deposit the resin; ‘heir specific gravity 


yaries from 0°92 to 1:20. 


They are brittle, and generally without much 


smell or taste, nonconductors of electricity, and rendered negatively 


electrical when rubbed. 


in their natural state, crystallizable. 
some include two or more distinct 


in cold alcohol than others}, and 


The resins fuse when heated, and are not, 


Some are more readily soluble 


species of resin: many of them contain essential oil, which they lose by 


* The resins, as they exude from trees, 
are often mixed with gum, when they 
form gum resins, which are consequently 
only partially soluble in water and in 
alcohol; they readily dissolve in alkaline 
solutions when assisted by heat; and the 
acids act upon them nearly as upon the 
resins. Ammoniacum, gamboge, assafe- 
tida, and olibanum, may be taken as ex- 
amples of gum resins. 


+ Copal, mastich, and a few other 
resins, are very difficultly soluble in 
alcohol, and contain a substance which 
remains in the form of a viscid matter 


_ after the resinous portion has been sepa- 


a 


rated by alcohol. Copal requires peculiar 
management to effect its solution in al- 
cohol. A piece suspended in the vapour 
of boiling alcohol is gradually softened, 
and, as it drops down, dissolves in the 


alcohol; camphor also accelerates its 
solution both in alcohol and in oil of tur | 
pentine. The most useful copal varnishes 
are those in which it is dissolved by the 
aid of a high temperature in linseed oil 
and tur pentine. 

Guaiacum is characterized by the sin- 
gular changes of colour, which its alco- 
holic solution suffers when exposed to 
the action of nitric acid. (Phil. Trans., 
1811.) Guaiacum is also rendered blue 
by the gluten of wheat, but its colour is 
not changed by starch; the intensity of 
the blue colour is said to be proportional 
to the quantity of gluten present in flour. 
(Tapp£t, Giornale di Fisica,i. 168. Quar-. 
terly Journal, vii. 376.) M. Pagenstecher 
has employed tincture of guaiacum, in 
conjunction with hydrocyanic acid, as a 
test of the presence of copper. (Quaré. 
Journal, x, 182.) . 


¥ 


exposure to air, or which may be abstracted from them by distillation, 
Some of them are soluble in sulphuric acid, without decomposition*, and 
are again thrown down by water. When heated, these solutions evolve © 
sulphurous acid, and a carbonaceous deposit ensues, which contains arti- 
ficial tan. They are generally decomposed by nitric acid, or considerably 
modified by its action. Some of them are soluble in fvdrechions and in 
acetic acids. = 

They combine with alkalis and salifiable bases, and form a class of — 
compounds first studied by Hatchett, and subsequently by Unverdorben 
and others: in these compounds the resin performs the part of a weak 
acid: the resins are of great use in the arts: they constitute the basis of 
‘varnishes +, and of many plasters and cements. 
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PINIC AND SILVIC ACIDS. 


CoLoPpHony, or common resin, is the residue of the distillation of 
turpentine: the oil, or essence of turpentine, passes over, and the residue 
is a soft yellow substance, which hardens by exposure to air, and is known 
as white or yellow resin: when melted it loses water, al concretes on 
cooling into black or common resin (fiddler’s rosin). The ultimate com- 
position of this substance may be represented by oil of turpentine + 


oxygen; it is a compound of 
Gay Lussac and Thenard. 


Od ei eee eee Cpe me 
yurogen se SN ees 10°719 
Oxysen n't THF, etl POR SY y 13°337 

100°000 


PInIc Actp. — According to Unverdorben (Poggend., xi. 47), when 
colophony i is digested in cold alcohol ‘833 specific gravity, a portion only 
is dissolved; the solution thus obtained, when mixed with an alcoholic 
solution of acetate of copper, yields a precipitate of pinate of copper ; this 
precipitate, when washed with pure alcohol and digested in a mixture of 
alcohol and hydrochloric acid, furnishes a solution from which water 
throws down the pinic acid; when washed and boiled in water, it forms 
on cooling a hard brittle substance, which becomes brown by fusion, 
passing into what Unverdorben calls colophonic acid. When fused with 
the alkaline carbonates it expels their carbonic acid; and its ethereal 
solution decomposes carbonate of copper with effervescence. The pinates of 
ammonia, soda, and potassa, are soluble in water: those of the other bases,- 
insoluble; the pinates are mostly insoluble in alcohol, but soluble in ether. 


Sitvic Acip.—The resinous residue just mentioned as insoluble in 
cold alcohol, is soluble in boiling alcohol; and when this solution is mixed 
with a little sulphuric acid, it yields, on cooling, flat prismatic crystals of 
silvic acid: these two acids constitute nearly the whole of the resin, and 
according tu Rose, (Dumas, Ch. app. aux Arts, y. 688,) they are isomeric; 
they both consist of 


* The properties of the resins have 
been ably investigated by Mr. Hatchett, 
the details of whose researches will be 
found in his communications to the 
Royal Society, printed in the Philosophi- 
cal Transactions for 1804, 1805, 1806. 
They have more lately formed the subject 


of a series of elaborate researches by — 
Professor Johnston of Durham. (Phil. — 
Trans., 1839 and 1840.) 

+ The manufacture of varnishes would 
be irrelevant to this work ; there isan ex- 
cellent article on the subject i in AIKIN’ s 
Chemical Dictionary. 
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Silvie acid is insoluble in water, fusible at about 212°, soluble in alcohol 
and ether, and in sulphuric acid; but when its sulphuric solution is 
decomposed by water, the precipitate has the properties of pinic acid. 
The stlvates of potassa, soda, and ammonia, are soluble in water; the 
silvates of the other bases are insoluble, but they mostly dissolve in alcohol 
and in ether: the silvate of magnesia, especially, is soluble in alcohol. 
The alcoholic solution of silvic acid yields a precipitate in an alcoholic . 
solution of acetate of lead: the silvate of lead is a white fusible powder. 
When alcoholic solutions of silvic acid and nitrate of silver are mixed, no 
precipitate falls; but on the addition of ammonia a white powder is 
thrown down, which is si/vate of silver: It is soluble in alcohol and in 
excess'of ammonia. _ 

The decomposition of resin for the purpose of obtaining an illunii- 
nating gas has already been adverted to. The products of this decom- 
position have been examined by Pelletier and Walter. (Ann. de Ch. et Phi, 
Lxvil. 269.) 

Lac is a4 most useful substance: it has already been mentionéd as a 
source of a dye stuff. It may be bleached by chlorine, and then forms 
an excellent varnish. It is also the basis of sealing-wax. Red wax 
is made by carefully fusing together 48 parts of shell-lac, 19 of Venice 
turpentine, 1 of Peru balsam, and 32 of fine cinnabar. Black waz is 
coloured with lamp-black: yellow with chromate of lead: blue with smalt: 
green with carbonate of copper. 


Amprr.—This substance is commonly regarded as an antediluvian or 
fossil resin; it is chiefly brought from the southern coast of the Baltic, — 
and is thrown up upon the beach between Kénigsberg and Memel: it also 
occurs in beds of brown coal, and of bituminous wood. It is transparent; 
or translucent, and of various shades of yellow and brown: its sp. gr. 
fluctuates werent 1:06 and 1:07. It is considered by Berzelius as a 
mixture of two resins, bitumen, volatile oil, and succinic acid. When 
heated it fuses and burns, exhaling a peculiar and somewhat aromatic 
odour. It is used for various ornamental purposes; it is the basis of an 
excellent varnish, but it requires peculiar management to effect its solu- 
tion either in oils or alcohol: oil of amber is sised 3 in medicine; but amber 
is chiefly interesting to the chemist as the source of succinic acid, which 
is exclusively obtained from it, though traces of the same acid are also 

found in the resins of the conifere. 


Succryic Actp.—The small pieces of amber which are inapplicable to 
ornamental purposes are used by the manufacturers of varnish, and ag for 
this purpose the amber is heated or fused; a portion of acid and oil may 
be obtained from it; The common process for the preparation of stiecinic 
acid consists in subjecting amber to destructive distillation in a proper 
apparatus; it fuses, and then a yellowish aqueous fluid, containing acetic 
acid, goes over, followed by empyreumatic oil and succinic acid, part of 
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which concretes in the receiver. When the matter in the retort suddenly _ 
subsides, the process may be stopped, for a thick dark-coloured oil would 
follow, which would soil the other products; and ultimately a yellow 
waxy matter would rise, which is yielded by most of the resins, and which 
has not been particularly examined. Amber is apt to be adulterated, 
when in small fragments, with pieces of copal, but when it is genuine, 16 
ounces of it yield about half an ounce of acid, 3 ounces of oil, and 10 
ounces of torrefied resin, fit for amber varnish. When the acid is the 
only object of the operation, Julien recommends coarsely powdering the 
amber, and mixing with it, previous to distillation, one-twelfth part of 
sulphuric acid diluted with an equal weight of water; about twice as 
much acid, he says, will thus be obtained as when the amber is merely 
heated alone. (Ann. of Phil., ii. 76.) Succinic acid may also be obtained 
by digesting amber in a solution of potassa, but the succinate of potassa 
so formed is contaminated by other soluble parts of the amber; it shows, 
however, that the succinic acid exists ready formed in the amber, and 
that it is not, as formerly supposed, an exclusive product of destructive: 
distillation. 

The acid, as at first produced, may be purified by dissolving it in 

twice its weight of nitric acid, and evaporating it to dryness in a retort; 
a little adhering nitric acid may be washed away by ice-cold water, and 
pure succinic acid remains. Richter recommends, for the purification of 
this acid, the saturation of the sublimed product with potassa, and ebulli- 
tion with powdered charcoal; the solution is then filtered, and nitrate of 
lead added: the resulting insoluble succinate of lead is decomposed by the 
requisite addition of dilute sulphuric acid, and the solution of succinic 
acid thus obtained, being carefully evaporated, affords colourless prismatic 
crystals of the pure acid. 

When succinic acid is obtained in the form of crystals from its aqueous 
solutions, it is in a hydrated state; its specific gravity is 1°55; its taste — 
feebly acid; it is soluble in 3 parts of boiling and about 5 of cold water; 
it is scarcely soluble in cold alcohol, but boiling alcohol dissolves it more 
freely; it is almost insoluble in oil of turpentine, by which it is distin- 
guished from benzoic acid. It is not decomposed by chlorine, nor by 
nitric or sulphuric acid; it is fusible and volatile, and not decomposed by 
sublimation: its fusing-point is high, and when it is sublimed it loses a 
part, but not the whole of its water. ; 

The substances chiefly employed for the falsification of this acid, are, 
according to Dumas, tartaric acid, bisulphate of potassa, and sal-ammo- 
niac: tartaric acid is discovered by the carbonaceous residue which it 
leaves when heated; the sulphate, by its want of volatility; and sal- 
ammoniac, by the odour of ammonia which it gives out when ae 
with lime. 

According to Berzelius, and I’. D’Arcet (Ann. de Ch. et Ph. Lyiil. 
282), anhydrous succinic acid is composed of 

D’Arcet. Berzelius. 
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Anhydrous succinic acid 50 100 10°00 100°000 
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And the crystallized acid includes an atom of water ; so that the equiva- 
lent of the anhydrous succinic acid is 50, and that of the hydrous ox 
erystallized, 59. The symbol of the former being (4car-+2h+3 0) or 
Suc’; and that of the latter («Car +3h+40) or SUC/+4. 


SuccinatTEs.—In the neutral succinates, as in the benzoates, the oxygen 
in the acid is to that in thé base as 3 to 1. They resemble the benzoates 


in appearance and in solubility, but the benzoates of lime, baryta, and 


mercury, are more soluble than the corresponding succinates. They are 
decomposed by the stronger acids, and by dry distillation; in the latter 
case the acid is resolved into water, an oily matter, and carburetted hydro- 


gen and carbonic oxide. 


Succinate oF Ammonza forms acicular crystals, which sublime when 
cautiously heated. Its solution has been used as a test for iron, the per- 
oxide of which it throws down from its neutral solutions in the form of a 
reddish-brown precipitate. 


SUCCINATE OF Porassa is a very soluble deliquescent salt, crystal- 
lizable with difficulty in small prisms. 


Succinate or Sopa forms transparent four and six-sided prisms, con- 


. siderably less soluble than the preceding, and permanent in the air. 


Succinate or Lime forms permanent and difficultly-soluble crystals. 


Succivate or Baryta is formed by adding succinate of ammonia to 
nitrate of baryta. A portion is thrown down ina pulverulent form, and 
a part in small crystalline grains. 


SuccINATE oF SrrontTIA may be formed as the preceding, and presents 
similar properties. It burns with a fine red flame. 


SuccinaTE OF Maenesta is deliquescent and uncrystallizable. 


SuccinaTE or Manaaness has been examined by Dr. John. (GEHLEN’s 
Journal, iy.) It is erystallizable, and of a slight-red tinge. 


SuccinaTE oF Iron.—The protosuccinate is erystallizable and soluble; 
the persuccinate is insoluble, and is thrown down in the form of a brown- 
ish-red flaky precipitate from solutions of the peroxide of iron. This salt 
has been proposed as a means of separating iron in analysis, but in the 
greater number of cases it is inconvenient. 


Succinate or Zinc furnishes long slender crystals. 


Succinate or Tix.—The succinic acid dissolves protoxide of tin, and 


forms with it thin broad transparent crystals. 


SuccINATE oF Coprer.—The neutral salt is soluble, and when digested 
with oxide of copper yields an insoluble subsuccinate. 


_ SucctnatE or Leap is thrown down in the form of “an anhydrous 
powder (Phr+SUC’). It is soluble in excess of the. acid, and yields a. 
erystallizable bisuccinate, and a basic succinate by the action of ammonia. 


1162 CAOUTCHOUE. 
SyédtvATE of Murcury is very difficultly soluble. 
SuccINATE OF SILVER forms delicate lamellar crystals. 


Succrvonn.This term has been applied to the oleaginous product of 
the destructive distillation of succinate of lime. 


SuocINAMIDE.-When ammonia acts upon diy succinic acid, heat is 
evolved, water is given off, and a fusible ctystallizable amide is formed, 
soluble in alcohol and water. In its anhydrous state it Consists, according 
to D’Arcet, of ! | 

D’ Arcet. 
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Anhydrous succinamide 1 99 — 100°00 


The crystallized succinamide includes 2 equivalents of water; so that 
the symbol of the anhydrous compound being (8Ca?+5 h+s40+n), 
= 99: that of the hydrated is (8CAr +7 h+60+7), =117. é 


Caourenovc.—I place this curious vegetable product among the 
resins, though it more strictly belongs to the modifications of hydrocarbon, 
for, according to Faraday’s analysis, it consists, when deprived of adhering 
impurities, of carbon and hydrogen only. It is obtained from the sap of 
several South American and Oriental plants, more especially from the 
Hevea caottchouc, the Ialropha elastica, the Ficus Indica and the Arlo- 
carpus integrifolia. It first exudes in the form of a milky juice, from 
which the caoutchouc gradually separates. (lor some experiments on the 
relation between the temperature and elasticity of caoutchouc, see THoM- 
son’s Organic Chemistry, p. 696.) It is insoluble in water and in alcohol, 
but dissolves sparingly in washed ether. Some of the liquid hydrocar- 
bons soften and dissolve it.in a very remarkable manner, and yield com- 
pounds which have been importantly applied to the manufacture of water- 
proof clothing. It is also said to be similarly soluble in oil of turpentine, 
which perhaps may be the case when that oil has been reduced to the 
state of a pure hydrocarbon; but common oil of turpentine always leaves 
the caoutchouc more or less altered and viscid, on evaporation: the same ; 
is the case with the generality of the volatile oils. It is only difficultly 
acted upon by acids and alkalis. It burns in the air with a bright smoky 
flame: when heated, it fuses, and remains more or less viscid: stbjected 
to destructive distillation, it yields a large relative proportion (about 83 
per cent.) of a highly volatile and inflammable liquid hydrocarbon, which 
has been called caoutchoucisin; the specific gravity of which is only 0°64. 
This product, which is applicable to many useful purposes in the arts, is 
made upon a large scale by Messrs. Enderby of London: it is a solvent of 
caoutchouc itself, and of other substances used as varnishes. The vari- 
ous applications of caoutchouc in the manufacture of elastic articles 
and other useful products, are as yet probably in their infancy only: the 
consumption of it for water-proof and air-tight textures, is already very 
considerable. It would appear from Thomson's reference to Dalton’s 
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experiments, that the elements of caoutchoucisin are 85:7 carbon, 14:3 
_ hydrogen, and that the specific gravity of its vapour is 1:94: it is there- 
fore analogous to 2 volumes of olefiant gas condensed into 1, or (4 car + 


sh), which is the constitution of etherine or quadrihydrocarbon (tetarto- 
hydrocarbon of Thomson). 


§ XVI. Birumens. Coat. TAr, &c. 


Brrumens are fossil substances, bearing considerable resemblance to 


oily and resinous bodies, from which, and from coal, they have probably 


been produced by the action of subterranean fire. The chemical habitudes 
of several of these substances have been investigated by Mr. Hatchett 
(Phil. Trans., 1804) ; and more lately by Reichenbach, Laurent, Regnault, 
Boussingault, and others. The following are the principal varieties :— 


a. Napurua has already been described as a binary compound of car- 
bon and hydrogen (p. 550). 

b. Perroteum has most of the properties of naphtha, but is less fluid, 
and darker coloured. In the countries where it abounds, it is employed 
for burning in lamps. By distillation, it affords a substance resembling 
naphtha, and mineral pitch, or asphaltum, remain in the retort. 


c. Minerau Tar appears to be petroleum further inspissated. It is 
more viscid, and of a deeper colour. 


d. MattHa, or Minrerat Piton, is a soft inflammable substance, 
- heavier than water, and may be considered as derived from the exsic- 
ation of mineral tar. 

e. ASPHALTUM is found abundantly on the shores of the Dead Sea, in 
Albania, and in the Island of Trinidad. Its colour is brown or black; it 
is heavier than water, and readily soluble in naphtha, Asphaltum was 
one of the materials used by the ancient Egyptians in embalming; hence 
termed mumia mineralis. At Babylon it was used for mortar. It dis- 
- solyes in naphtha, and the solution forms a good varnish. 


f. Exastic Brrumen, or Minera Caourcuovc, is found only in the - 
vicinity of Castleton in Derbyshire, and at Montrelais in France. It is 
fusible and inflammable, and when distilled, per se, affords products cor- 

_ responding to petroleum and asphaltum. ey 


g. Mrnerat Apripocire, or HatcnHetinn, is a fatty matter found in 
the argillaceous iron ore of Merthyr: it is fusible at about 160°, and 
- inodorous when cold, but of a slightly bituminous odour when heated, or 
after fusion. The curious products, called by Boussingault Asphaltene 
and Petrolene (Ann. dé Ch. et Ph., uxiv.), appear to belong to this class 
of bituminous products. 

The above substances are insoluble in water, and difficultly soluble in 
aleohol, with the exception of naphtha and petroleum, which are soluble 
in highly-rectified alcohol. Some of them are hydrocarbons, and some 
contain small relative proportions of oxygen. 


h, RETINASPHALTUM is a substance which accompanies the Bovey coal 
of Devonshire. I have also found it in some of the Staffordshire coal. 
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It was first analyzed by Mr. Hatchett, who found it to consist of 55 resin, 
41 asphaltum, 4 earthy matter and loss. 

i. Prr Coat.—There are three chemical varieties of this important 
substance. 1. The first, or brown coal, retains some remains of the 
vegetables from which it has originated. When heated, it exhales a 


bituminous odour, and burns with a clear flame. It is generally of a 


tough consistency, and yields, according to Mr. Hatchett, a portion of 
unaltered vegetable extract, and resin. 2. The second variety, or black 
coal, is the ordinary fuel of this country. It exhibits few or no traces of 
vegetable origin, and consists principally of bitumen and charcoal, in 
variable proportions. When exposed to heat it swells, softens, and burns 
with a bright flame, leaving a small quantity of ashes. Many varieties, 
however, abound in earthy matter, and these produce copious cinders, 


and burn with a less intense heat. The products of the destructive dis- 


tillation of this kind of coal have been already described (p. 554). The 
residue is a hard, sonorous charcoal, termed coke, and containing the 
earthy ingredients of the coal. 3. The third variety, or glance coal, con- 
sists almost entirely of charcoal and earthy matter. It burns without 
flame, and, when distilled, yields scarcely any gaseous products. All the 
varieties of common coal contain nitrogen, and afford ammonia when 
subjected to destructive distillation. In consequence of the enormous 
quantities of pit coal distilled for the production of illuminating gas, a 
part of the commercial demand for ammoniacal salts is now supplied from 
that source. Dr. Thomson arranges the different kinds of British coal 


under the following divisions. (Ann. of Phil., xiv.) 1. Caking coal; . 


2. Splintery coal; 3. Cherry coal, which is less hard’and more slaty in 
fracture; 4. Cannel coal, such as that from Wigan in Lancashire. These 


varieties he states to be composed as follows:— 
Caking coal. Splint coal. Cherry coal. Cannel coal. 
Carbon “.°7528.. 6 500.5. 7440 46, GE 72 
Hydrogen 4:18 . . 625 . . 1240 . . 21°56 
Nitrogen, 1596 . . 625 . . 1022 . . 13°72 
Oxygen . 458 . . 1250 . .. 293 . 0°00 


. 100°00 100-00 100°00 100-00 
The proportion of nitrogen here given appears enormous. Regnault, 


in his laborious researches on the composition of the mineral combustibles, - 


never found more than from 1:5 to 2 per cent. (Ann. de Ch. et Ph., uxvi. 
365.) Dr. Ure (Phil. Trans., 1822, p. 467) obtained the following 


results:— 
Cannel coal. Splint coal. 


Carbon -.° 72224 SF eau 
Hydrogen 3°93 . . 4'30 
Nitrogen. 2°80 . . 0°00 
Oxygen . 2105 . . 24°80 


100°00 100°00 


Dr. Henry regards Dr. Ure’s results, as far as concerns the oxygen, 
to be the most correct, but he always obtained ammonia from both the 
above varieties of coal, and therefore infers the existence of nitrogen, 


though scarcely to the extent given by Dr. Thomson. The following are” 


Dr. Thomson’s results, as to the volatile products, coke and ash, in 


we, 
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Volatile Products. Weight of Coke. Incombustible Ash. 


1000 parts of caking coal . . 226 mee 15 
anes SPINE COAL "sc ae) lk OST tk 95 

poe: COED Y COMMIS ere Ea ae 6 eee et LOO 
— cannel coal . . 600 . . 400 . . 110 


k. Pear and Torr consist principally of the remains of vegetables, 
having undergone comparatively little change. They often contain 


bituminous wood, branches and trunks of trees, and vegetable extract and 
ulmin. 


7. Mevuiire, or Honeysrons, is a rare substance, found in the brown 
coal of Thuringia, and in Switzerland. It is of a honey-yellow colour, 
crystallized in octoédra, and, when analyzed by Klaproth, was found to 


consist of alumina combined with a peculiar acid, which has been termed 
Mellitic acid. 


Metric Acrp is obtained by digesting the native mellitate of alumina 
in carbonate of ammonia or potassa, decomposing the resulting alkaline 
salt by acetate of lead, which produces an insoluble mellitate of lead, and 
which, diffused through water, and exposed to a current of sulphuretted 
hydrogen, yields sulphuret of lead, and the mellitic acid is set free. It 
has a peculiar sour, bitter, and sweet taste, is very soluble in water and 
alcohol, and crystallizes in white needles: it is not altered by nitric or 
hydrochloric acid, but is modified when boiled with anhydrous alcohol: 
it has been analyzed by Liebig and Wéhler (Ann. de Ch. et Ph., xiii. 
200), who consider it, in its anhydrous state, as an acid of carbon, com- 
posed of 4 atoms of carbon + 3 of oxygen, and containing, in its hydraled 
state, 1 atom of water. So that, in the latter state, it may be represented 

by Gcar+40+h), or (¢car+s0+ ). Its analogy to oxalic acid is 
obvious: its salts are less soluble than the oxalates. 


Tar.—This term is applied to one of the products of the destructive 
_ distillation of organic substances, and is designated, according to its source, 
vegetable tar, coal tar, and animal tar. It is brown or black, of a thick 
consistency, and a strong and peculiar odour, varying with its source. It 
has been frequently the subject of experiment, but has lately acquired — 
peculiar interest from the researches of Reichenbach, who has obtained 
from it several definite compounds, of which the most remarkable are the 
following :— 

1. Pararrine.—When beech tar is distilled, three liquids ‘pass into 
the recipient: 1. a light oil; 2. an aqueous acid; 3.a heavy oil. The 
heavy oil is subjected to several redistillations, and then sulphuric acid 
is gradually added to it, till the mixture becomes a black and thin liquid; 

and if it does not spontaneously rise in temperature to 212°, it is to be 
heated up to that point: the mixture is then kept for twelve hours, or’ 
more, at a temperature of about 122°, when a colourless oil will be found 
. floating upon its surface, which is to be carefully poured off, and, on 
cooling, the paraffine concretes upon its surface: it is to be removed, 
washed, and pressed in folds of bibulous paper, and finally purified by 
Solution in hot anhydrous alcohol, from which it separates, on cooling, in 
a solid form; it is somewhat flexible, and not greasy; crystalline, taste- 
less, and odourless: at 112° it fuses into a transparent oily liquid, and at 
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a higher temperature boils and distils without change: its vapour burns — 
with a white sootless flame. Its specific gravity is 0°870. Its nameis 
derived from its inertness as a chemical agent, or its want of affinity 
(parum affinis). Tt resists the action of acids, alkalis, chlorine, and | 
potassium, and cannot be united by fusion with camphor, naphthaline, 
benzoin, or pitch; but it unites with stearine, cetine, bees’-wax, colophony, 
and readily dissolves in oil of turpentine and in naphtha. 100 parts of 
ether dissolve 140 of paraffine at the temperature of 75°; at a lower tem- 
perature the solution concretes into a white crystalline mass. It separates 
from its hot alcoholic solution in crystalline laminz, when not too con- 
centrated. According to J. Gay Lussac (Ann. de Ch, et Ph., u. 78), it is 

a binary compound of carbon and hydrogen, and its elements are in the 
same ratio as those of olefiant gas, &c., but as the density of its vapour 
has not been determined, its atomic constitution, and its equivalent, 
remain unascertained. Paraffine appears to exist in the fossil wax of 
Moldavia (Maanus, Ann. de Ch. et Ph., ty. 217), and in the product of 
the distillation of bituminous schist. (Laurent, [bid., tiv. 392.) 


Evrion.—This liquid was also discovered by Reichenbach. (Ann, de 
Ch, et Ph., u. 69.) It is associated with paraffine; but it is most abun- 
dant in animal tar, especially that obtained from horn or bones. This tar 
is distilled, so as to yield about three-eighths: this last product is mixed 
with an eighth of sulphuric acid, and the lighter yellow liquid which then 
separates is poured off, mixed with its weight of sulphuric acid, and dis- 
tilled; a colourless liquid passes over, which is to be mixed with a solution 
of potassa; after some time it separates upon the surface of the mixture, 
when it is to be poured off, mixed with a fourth its weight of sulphuric 
acid, and again distilled, washed with hot solution of potassa, decanted 
off as before, and slowly distilled with water till three-fourths have passed 
over: this ultimate product is placed in vacuo for 24 hours, then heated 
to its boiling-point with a few grains of potassium, and when it no longer 
is at all acted on by that metal, it is allowed to cool and poured from the 
deposits: it is then eupion. If it contain paraffine, the two may be 
separated by distillation with water, and the first portions which pass over 
are then entirely free from it. 

Eupion is tasteless, colourless, inodorous, very limpid, specific gravity 
0:74; it remains liquid at —4°, and boils at about 340°, distilling over” 
without change. It is a non-conductor of electricity. Its vapour burns 
with a pure white flame. It is insoluble in water. 100 parts of aleohol 
at 66°, dissolve 33 parts, but at a lower temperature the greater part of 
the eupion separates. Acetic ether dissolves about a third of eupion; 
sulphuret of carbon, oil of turpentine, naphtha, and almond and olive oil 
‘readily mix with it: it dissolves chlorine and bromine, and again evolves 
them when heated: with iodine it forms a blue solution: aided by heat 
it dissolves phosphorus, sulphur, and selenium, but deposits the greater 
portion on cooling. It dissolves naphthalin, camphor, stearin, cetine, 
cholesterine, and paraffine, at common temperatures, and more abundantly 
when heated. Caoutchouc swells in it, and dissolves when heated, but 
the solution remains glutinous when spread upon a surface, except it be 
dried by heat. The acids and alkalis are without action on eupion, and 


KREOSOTE, 1167 


it is not altered by exposure to air. It has not been analyzed. Its name 


is derived from ev, well, and rv@v, greasy, for it has the greasiness of a 
fixed oil. , } 


Kreosore, or Creosote (from «peas, flesh, and cwtw, I save).—This 
interesting product was discovered also by Reichenbach. (Ann. de Ch, et 
Ph., tiii. 325.) It is obtained from wood tar, which is subjected to 
distillation till the residue has the consistency of pitch; but the process 
should not be urged too far. ii, and acid water pass over; the former 
is separated, and distilled in a glass retort (not to dryness), when two 
products are again obtained, of which the acid water is rejected as before, 
and the oil preserved. In these distillations, the oil which first passes 
over is lighter than that which succeeds, its density augmenting with the 
heat: the lighter oil contains but little kreosote, and consists chiefly of 
eupion and lighter products: the heavy portion is pale-yellow, but becomes 
brown by exposure to air; it has a disagreeable odour, and tastes caustic, 
sour, sweet, and bitter. To this heayy oil, carbonate of potassa is added 
as long as it effervesces; it is then poured off from the produced acetate 
of potassa, and redistilled (not to dryness): the lighter part is again 
rejected, and the heavy oil is now dissolved in a solution of caustic 
potassa of the specific gravity 1:12; heat is evolved, and an insoluble 
_ compound of eupion, and other oils, floats upon the surface and is removed, 
_The alkaline solution is then gradually heated in an open capsule to its 
boiling-point; it rapidly absorbs oxygen, and becomes brown; it is suffered 
to cool in the air, and then dilute sulphuric acid is added, which causes 
the oil to separate, This oil is now mixed with water anda little caustic 
potassa, in a retort, and the mixture subjected to rapid ebullition; but in 


The oil in the receiyer is now separated from the water, and again 
_ dissolved in a similar solution of potassa: a portion of light insoluble oil 
separates as before, which, being removed, the mixture is again heated 
in an open yessel, and as it slowly cools it again becomes brown, but 
less so than formerly; sulphurie acid is then added in slight excess, and 
the evolved oil is washed, as long as it is acid, with cold water. The 
distillation of this oil with water is again repeated, but, instead of adding 
potassa, a little phosphoric acid is employed to abstract a portion of 
ammonia which the oil still retains. The distilled oil is now, for the 
third time, dissolved in the caustic potassa, and if the precautions above 
described have been attended to, they combine without the separation of 
any oily matter, and the mixture, exposed to air, only acquires a slight 
red tinge. When the kreosote is now ultimately separated from its 
combination with the potassa, it is sufficiently pure for medical use: to 
obtain it absolutely pure, it must be distilled with water, and this hydrated 
product again rectified; water first goes over, and afterwards, at a high 
temperature (203° Cent.), the kreosote: to deprive it absolutely of water, 
its vapour must be passed over chloride of calcium, 
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I have taken the above details from Dumas: the process, though not 


difficult, is, as he observes, very troublesome, but methods of improving 


and facilitating it will doubtless be discovered. 

Kreosote, when pure, is a colourless transparent liquid, of great 
refractive power, a penetrating and strong odour resembling that of 
smoked meat: it has a burning caustic taste: its specific gravity is 1-037 
at 65°; it boils at 397° (203° Cent.), and retains its fluidity at — 17>. 
It is a non-conductor of electricity, and it burns with a very sooty flame. 
When mixed with water, two solutions result; the one consisting of 1°25 
kreosote + 100 water; the other, of 100 kreosote +10 water. The aqueous 
solution is neither acid nor alkaline. | 

Pure kreosote dissolves oxide of copper, forming a brown solution: 
when boiled with peroxide of mercury, it is reduced, and the kreosote 
converted into a resin. It produces effervescence and red fumes with 
nitric acid: it absorbs chlorine, and is gradually changed by it into a resin. 
It is coloured by bromine, iodine, sulphur, and phosphorus. With potas- 
sium it evolves gas, and potassa is formed, which combines with the 


kreosote. It is thickened and blackened by concentrated sulphuric acid. - 


Acetic acid is its most perfect solvent. It forms two compounds with 
potassa; the one anhydrous, liquid, and of an oily consistence; the other 
hydrated, and crystallizable in nacreous plates. All the acids decompose 
these compounds, and separate unaltered kreosote. With sodait produces 
similar combinations. It also combines with ammonia, lime, and baryta. 
It dissolyes many salts. Alcohol, ether, sulphuret of carbon, eupion, 
naphtha, and acetic ether, dissolve it in all proportions. It does not com- 


bine with pure paraffine. It dissolves the resins, and all colouring mat- — 


ters, including those of cochineal, saunders-wood, dragons’-blood, madder, 
saffron, and, with the aid of heat, indigo. Its action upon caoutchouc, 
unlike that of eupion, is very feeble. 

Kreosote immediately coagulates egg-albumen, although much diluted ; 
it also coagulates serum. Meat and fish are preserved after having been 
brushed over with kreosote and dried in the sun; and it appears to be the 
principle to which the antiseptic powers of wood-smoke, and pyroligneous 
acid are due. Its action upon the animal system is energetic; it is pain- 
ful upon the tongue, destroys the epidermis, and kills fishes and insects: 


it also destroys vegetation. It is medicinally employed in tooth-ach, _ 


cancer, ulcers, and cutaneous diseases, externally; and to check hemor- 
rhage; ‘and internally as a stimulant,'and for the prevention of nausea and 
vomitirig. Three or four drops, added to a pint of ink, effectually pre- 
vent its mouldiness. According to Ettling, (Ann. de Ch. et Ph., wii. 
333,) it consists of 77°42 carbon, 8:12 hydrogen, 14°46 oxygen; but, as it 
probably retains a variable portion of water, its atomic constitution cannot 
be accurately inferred. | 


Prcamar.—This is the bitter principle of tar; whence it derives its 
name (Picis amarum). It is contained in the heavy oil of wood tar; 
that portion, the specific gravity of which exceeds 1-095, is mixed with 
8 parts of a solution of potassa, specific gravity 1:15, and left to itself: a 
layer of impure eupion and paraffine separates upon the surface, after 
which the liquor clears, and in 24 hours deposits brilliant acicular or 


PITTACAL. CAPNOMOR. | ‘1169 


Jamellar crystals; these are dried between folds of blotting paper, and 
repeatedly dissolved in boiling solution of potassa, till the mother liquors 
are colourless, and the crystals buff-coloured: they are then decomposed 
by dilute phosphoric acid, which combines with the potassa, and separates 
a brownish limpid oil, which, after having been two or three times redis- 
tilled with water acidulated by phosphoric acid, is ultimately carefully 
rectified without addition. The product thus obtained is picamar. It is 
almost colourless and transparent; its consistency is that of oil, and it is 
greasy. It is insupportably bitter, with an aroma like peppermint; its 
specific gravity is 1:10 at 65°. It boils at 545°, being less volatile than 
kreosote. Nitric and hot sulphuric acid decompose it: it dissolves in 
acetic acid, and is the source of the bitter flavour of crude pyroligneous 
acid. It is soluble in all proportions in alcohol, and in sulphuric and 
acetic ether, and in kreosote. It neither dissolves paraffine, asphaltum, 
nor amber: it takes up caoutchouc when hot, but deposits it again on 
cooling. It forms crystallizable compounds with potassa, which are 
“almost insoluble in pure alcohol: weak alcohol dissolves the crystals when 
hot, but deposits them again as it cools). When impure, these crystals 
gradually become brown or blue. It also combines with ammonia, soda, 
Jime, and baryta, but the bases are not neutralized in any of these com- 
pounds. Picamar reduces red oxide of mercury to the metallic state, and 
minium to the state of protoxide. 


Pirracat.—When a few drops of baryta-water are added to an 
alcoholic solution of impure picamar, or even of oil of tar, deprived of its 
acid, the liquor immediately assumes a bright blue tint, which in a few 
minutes passes into an indigo colour. Dumas considers this substance 
identical with a blue product obtained, in 1827, from coal tar, by MM. 
Barthe and Laurent. Reichenbach gave it the above name, from 7ritTa, 
pitch, and KaXXos, ornament. 

The mode of separating pittacal has not been clearly described: 
Dumas states, that when precipitated in a flocculent state from its solu- 
tions, or obtained by evaporation, it closely resembles indigo, and, like it, 
_ acquires a coppery hue when rubbed: it is inodorous, tasteless, and not 
volatile: at a high temperature it becomes charred without evolving 
ammonia. It is decomposed by nitric acid; hydrochloric and dilute sul- 
phuric acid dissolve it; and it is abundantly soluble in acetic acid, forming 
ared liquid, which, when saturated by an alkali, becomes of a bright blue. 
Reichenbach represents it as a more delicate test of acids and alkalis than 
litmus. It is insoluble in alcohol, in ether, and in eupion. With acetate 
‘of lead, protochloride of tin, ammonio-sulphate of copper, and acetate of 
alumina, it yields a fine blue colour with a tint of violet: these combina- 
tions may probably be useful as dye-stuffs, for they are not affected by 
air or light. It is said, like indigo, to contain nitrogen, but its ultimate 
composition has not been accurately determined. 


Capnomor, (Ka7rvos, smoke, and potpa, part, because it forms part of 

wood smoke.)—This is a colourless transparent liquid of a pungent and 

-Yather agreeable odour, which occurs with the above products in the 

heavy oil of tar. When that oil is digested with solution of potassa, the 

reosote, picamar, and pittacal, are taken up, and capnomor, with a little 
, 4 
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eupion, floats upon the surface: this is separated and mixed with sul- — 
phuric acid, which dissolves the capnomor and leaves eupion; carbonate — 
of potassa separates the capnomor from its acid combination, and it is z 
purified by distillation. Its specifie gravity is 0°975: it boils at 365". 7 
It is insoluble in water and the alkalis, but soluble in alcohol, in ether, — 
and in eupion. Its composition has not been determined. | 

The above is an outline of the history of the extraordinary products 
contained in tar: when considered in reference to the various hydrocar- 
bons already noticed, as producible from coal-tar, and by the destructive 
distillation of resins and oils, the whole subject acquires a considerable 
degree of interest, and leaves little doubt that the apparent complexity 
and incongruity which hangs over the inquiries as they now stand, will be. 
done away by the further examination of their mutual relations, and by 
the attainment of more exact views of their ultimate and atomic con- 
stitution. . 


g XVII. VecerasLe Acips. 


Tus section will be devoted to the ¢artaric, oxalic, citric, and malic 
acids, which are the principal of those found ready formed in our common : 
fruits, and are of important application in the arts and domestic economy, 
and to a few other acids of more rare occurrence, or which, by analogy, 
may be ranked with the above. The general constitution of these acids 
has been elsewhere noticed, and their individual analyses are given in — 
this section and elsewhere; they have recently engaged the attention of 
several celebrated analysts, more especially of Liebig and Dumas. An 
elaborate essay by the former will be found in the Ann. de Ch. et Ph. 
(Lxviii. 5.) 


1. Tarraric Actp.—Scheele first obtained crystallized tartaric acid 
in the year 1770. It exists free in the pulp of tamarinds, in grapes, and 
in the pepper plant; as fartar, in tamarinds, grapes, mulberries, and — 
samphire; in the root of wheat (Trilicum repens), and of dandelion 
(Leontodon taraxacum), in the berries of sumach (Rhus coriaria), and in 
the rhubarb plant, the potato, madder, and Iceland moss; as tartrate of 
lime in squills, madder root, quassia wood, the fruit of Rhus typhinum 
and the tubercles of the Helianthus tuberosus. (GMELIN.) — 

Tartaric acid is generally obtained from the bzéartrate of potassa. 
Mix 100 parts of this salt in fine powder with 30 of powdered chalk, and 
gradually throw the mixture into 10 times its weight of boiling water; 
when the liquor has cooled, pour the whole upon a little strainer, and 
wash the white powder which remains with cold water; this is a dartrale 
of lime; diffuse it through a sufficient quantity of water, add sulphuric 
acid equal in weight to the chalk employed, and occasionally stir the 
mixture during 24 hours; then filter, and carefully evaporate the liquor 
to about one-fourth its original bulk; filter again, and evaporate with 
much care nearly to dryness; redissolve the dry mass in about 6 times 
its weight of water, render it clear by filtration, evaporate slowly to the 
consistency of syrup, and set aside in a warm place to crystallize. By 
two or three successive solutions and crystallizations, tartaric acid will be 
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_ obtained in nearly colourless crystals; they may be perfectly whitened by 
“the aid of a little animal charcoal. ‘Tartaric acid may also be obtained 
by neutralizing 1 part of tartar by carbonate of potassa, and digesting the 
solution for an hour with 8 parts of quicklime, decanting the liquor (which 
contains caustic potassa), washing the residue with dilute acetic or hydro- 
_ chlorie acid to free it from excess of lime, and then decomposing it by dilute 
sulphuric, as above. (Osann.) Dr. Henry states, that in this process 
the free potassa prevents the precipitation of the tartrate of lime. Fab- 
broni obtained tartaric acid by adding excess of powdered tartar to a 
boiling mixture of 1 part of sulphuric acid and 3 of water; the solution, 
on cooling, deposits some tartar and sulphate of lime, from which it is 
poured off and evaporated to a small bulk; alcohol is then added, which 
dissolves out the tartaric acid, and leaves bisulphate of potassa. (Ann. de 
Ch. et Ph., xxv. 9.) Tartaric acid may also be obtained by decomposing ~ 
tartrate of lead, diffused through water, by sulphuretted hydrogen. 
Crystallized tartaric acid is intensely sour: its specific gravity is 1-6; 
_ it is generally semitransparent, and of complicated forms which appear to 
_ be modifications of a rhombic prism. (Brooker, Ann. of Phil., 2nd series, 
vi. 118. Prcrer, Ann. de Ch. et Ph., xxxi. 78.) It is not altered ina 
dry atmosphere, but in humid air it tends to deliquescence. At a little 
above 212° it melts into a transparent liquid, boils at 250°, and, on cool- 
ing, concretes into a granular mass, which is more deliquescent than the 
original acid. If the heat be continued, it becomes yellow, exhales a 
peculiar odour, and begins to be decomposed. Water dissolves 1°5 its 
Weight of tartaric acid at 60°, and twice its weight at 212°, The con- 
_centrated solution has the consistence of syrup. © The solubility of this 
acid is, however, variously stated, and it is not easy, under common cir- 
cumstances, to dissolve more than 1 part of the crystals in 4 or 5 water; 
but when a boiling solution is cooled to 60°, it retains much more. It is 
also soluble in alcohol. The aqueous solution of tartaric acid goon 
becomes mouldy, and suffers decomposition. Boiled in nitric acid, 
tartaric acid is partly converted into oxalic acid; and sulphuric acid 
_ conyerts it into acetic. It becomes converted into oxalic acid by fusion 
with potassa. : 
When tartaric acid is submitted to destructive distillation, it affords 
abrown acid liquor, containing an oily matter, acetic acid, pyroacetic 
spirit, and pyrotartaric acid. If this liquor, after having been passed 
through a wet filter to separate the oil, be saturated with carbonate of 
potassa, and evaporated to dryness, a saline mass is obtained, which, after 
having been twice or thrice redissolved and crystallized, is rendered free 
from foreign matter. If this salt be distilled ‘with sulphuric acid, diluted 
With its weight of water, an acid liquor passes over, succeeded by a white 
Sublimate of pure pyrotartaric acid. Rose, who has examined the pro- 
Perties and combinations of this body, considers it as a distinct acid; the 
_ ‘Pyrotartrates ef ammonia, potassa, soda, baryta, strontia, and lime, are 
very soluble. The pyrotartaric acid occasions precipitates in acetate of 
lead, and in nitrate of mercury, and is thus, according to Rose, distin- 
guished from tartaric acid, which only throws down the former;—but 
this is not a correct distinction. The action of heat upon tartaric acid 
has been studied by M. E. Fremy (Ann. de Ch. et Ph., uxviii. 853); he 
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describes several modifications of the acid (under the names fartralic and 
tartrelic acids) depending upon the relative proportion of water combined 


with the anhydrous acid. It also appears, from the experiments of 


Pelouze (Jour. de Pharm., xiii. 61), that another acid is produced during 
the production of the pyrotartaric acid, which he has called pyruvic acid. 
Tartaric acid is distinguished by the white granular precipitate which 
it produces when added in excess to solutions containing potassa. It 
produces a white precipitate, soluble in excess of acid, in lime, baryta, 
and strontia-water, and in acetate of lead. It is used in calico-printing, 
and is much employed as a cheap substitute for citric acid in lemonade 
and effervescent solutions: in the laboratory it is used as atest of the 
salts of potassa, and to prevent the precipitation of certain oxides,'as that 
of antimony, and the titanic acid. 3 
Tartaric acid, as it exists in anhydrous combination with bases, may 
be represented by the equivalent 66, (66 THomson, 66 GMELIN, 66°48 
Turner,) and its hypothetical composition in reference to this atomie 
weight will be (4car+2h+50), or : 
Berzelius. 
Carbon Bikes iy £24 Bee SOO) ee eee 
Hydrogen 437.092 "F.". te eas 0S a en ey, 
Oxygen 2 LO Se, ee IG GL 2S. OU ze 
1 


Tartaric acid 66 100-60 100°000 

The crystallized acid is constituted of 

Berzelius. 
Anhydrous tartaric acid 1 + £66 OS) A BBD wise 1 BOE 
Water 2. Nt. scuis ple ia) ohm evden s teehee oan, ees 2 
1 


75 - 100 100°00 


Crystallized tartaric acid 
TarTrate or Ammonia (fa7/+ A) forms very soluble prismatic 
erystals, of a cooling taste. The addition of tartaric acid to its aqueous 
solution, produces a precipitate of a difficultly-soluble bitartrate of 
ammonia. When a saturated solution of tartaric acid is added to strong 
liquid ammonia in such proportions as to form the bitartrate, the liquid 
solidify with great rise of temperature. . 


TartTRATE OF Potassa (£@7°/+P) is formed by saturating the excess 
of acid in tarlar, by potassa. The resulting salt is soluble in less than 
twice its weight of water, (hence, in opposition to the bitartrate, termed 
soluble tartar.) It crystallizes in four and six-sided prisms with diédral 
summits, but its primitive form is a right rhomboidal prism. (BRooKE, 
Ann. of Phil., N.&., vii. 161.) Its taste is saline and bitter, and it is used 
in medicine, (formerly under the name of Tartarus tartarisatus,) aS an 
aperient. It is slightly deliquescent, and almost insoluble in absolute 
alcohol. Most acids occasion a precipitate of bitartrate of potassa when 


added to the aqueous solution of this salt. Tartrate of potassa is anhy- | 


drous, and consists of } 
Thomson. Berzelius. 
Potassa. "=. Pd ete 48 ee eee ee ee 
Tartaric acid. 1 “Vo 66°". 879 9S 86 ee 
1 
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Tartrate of potassa 114 100°0 100 100°00 
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' Brrartrate or Porassa. Suprrrarrrare or Porassa. Tarrar. 
(2ta7/+ P.)—This substance exists in considerable abundance in the 
juice of the grape, and is deposited in wine casks in the form of a cry- 
stallized incrustation, called argol, or crude tartar. It is purified by 
solution and crystallization, which renders it perfectly white: when in 
fine powder, it is termed cream of tartar. The purification of tartar at 


Montpellier is performed as follows:—It is first dissolved in boiling 


water, and crystallized; these crystals are then boiled with one-twentieth 
their weight of pipe-clay, (and the same quantity of animal charcoal?) 
which absorbs the colouring matter, and falls as an insoluble sediment, 
the crystals of pure tartar separating afterwards upon the surface of the 
liquor, and upon the sides and bottom of the boiler; the term cream of 
tartar was originally applied to the imperfectly crystallized superficial 
crust. The details of this process are described by M. Fizes, (Mémoires 
de l Académie, 1725,) and it is still carried on upon the same plan. The 
Venetian process for the purification of tartar consists in the separation 
of the grosser impurities by one or two preliminary solutions and crystal- 


lizations, after which, white of egg and wood ash are added to the boiling 


solution of the crystals, and the impurities skimmed off during the 
effervescence which ensues. (Desmarer, Jour. de Phys., i. 67.) 

Bitartrate of potassa may be formed artificially by adding excess of 
tartaric acid to a solution of potassa. ‘The mixture presently deposits 
erystalline grains, and furnishes a striking example of the diminution of 
solubility by increase of acid in the salt. Upon this circumstance, the 
use of tartaric acid as a ¢est for potassa depends, for soda forms an easily 
soluble supertartrate, and consequently affords no precipitate. 

Its crystals, which are irregular six-sided prisms, terminated by 
hexaédral summits, or triangular prisms with diédral summits, have been 
described by Dr. Wollaston, (Thomson's Annals, x. 37,) and by Mr. Brooke, 


(Ann. of Phil., N.8., vii. 161.) They include 1 proportional of water, 


which is not separable at a heat much below that at which the acid of 


the salt begins to be decomposed. They are hard, and taste gritty and 
‘subacid. 


The specific gravity of this salt is 1:95. It requires 95 parts of water 
at 60°, and 15 parts at 212° for its solution. It is rendered much more 


‘soluble by the addition of boracic acid or of borax, as was first observed 


by Le Fevre. (Mém., Paris, 1732.) 2 parts of borax, and 5 of cry- 


‘Stals of tartar in powder, are soluble in about 6 times their weight of 


boiling water; on evaporating the solution to the consistency of honey, 
the residue concretes into Le Fevre’s soluble cream of tartar, or sal-gum- 
mosum. It is the tartarus boraxatus of some old writers. When 
exposed to heat, tartar fuses, blackens, and is decomposed, and carbonate 
of potassa is the remaining result. Provided the tartar be free from 
lime, which however is seldom the case, this furnishes a good process for 
obtaining pure carbonate of potassa. By destructive distillation, Fourcroy 
and Vauquelin obtained the following residuary substances from 1000 
grains of crystals of tartar. (Ann. de Chim, Lxiv. 43.) 


Carbonate of potassa . . 350 Alumina . . MV Oes"* 


Carbonate of lime . . . 6 _ Tron and manganese . . 0°75 
Silica ° ° ° e e s 9 12 
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The Aatebus solution of tartar becomes mouldy when exposed to air, 
and the tartaric acid being entirely decomposed leaves a weak solution of © 


carbonate of potassa. Tartar sometimes acts as a simple acid, and — 


dissolves oxides insoluble in most other acids; hence Gay Trusead has 


suggested its use in certain analyses. (Ann. de Ch. et Ph., ili. 281.) _ 


By the action of excess of caustic potassa, at high temperatures, tartar 
is converted into oxalate of potassa. The component parts of tartar 
render it an excellent flux in the reduction of metallic ores upon a small 
scale, its alkali promoting their fusion, and the carbonaceous matter 
tending to reduce the oxides. Tartar is sometimes adulterated by the 


addition of pounded quartz, and by calcareous spar; the former may be — 


detected as an insoluble residue by boiling the powdered tartar with half 
its weight. of carbonate of potassa or of borax in 8 parts of water; the 
latter produces effervescence with dilute hydrochloric acid. A small 


portion of tartrate of lime is almost always present in the purified 


tartar; it separates in tufts of acicular crystals from the hot solution of 
the tartar. 


TARTRATE OF PorassA AND AMMONIA is formed by saturating the 


excess of acid in tartar with ammonia. It forms transparent four and — 


six sided prisms, very soluble in water, and which effloresce and lose 
ammonia by exposure to air. 


TarTRate or Sopa (tar/ +8) forms acicular crystals, soluble in about 
. their own weight of water, and insoluble in absolute alcohol. They 
contain, according to Bucholz, 16 per cent. (2 equivalents) of water. 
When their aqueous solution is mixed with half their weight of tartaric 
acid, it yields small prismatic crystals of bitartrate of soda, of an acid 
taste, soluble in 8 parts of cold and 1°8 of boiling water, and containing 
about 15 per cent. (3 equivalents) of water of crystallization. (GEHLEN’s 


Journ., V. 520.) ‘Tartrate of soda is often formed extemporaneously by 


dissolving equal parts of powdered tartaric acid and of bicarbonate of 
soda, in separate portions of water, and then mixing the solutions; if 
taken during the effervescence, it forms a refreshing saline and slightly 
aperient draught. 


TARTRATE oF ‘PoTassA AND-Sopa (2 tar! +P-+8) is prepared by. 


saturating the excess of acid in tartar, with carbonate of soda; it is the 
soda tartarizata of the Pharmacopeia; it forms prismatic crystals, which 
have been described by Mr. Brooke. (Ann. of Phil., N.S. v. 451.) It 
has long been used in Pharmacy under the name of Rochelle Salt and 
Sel de Seignette. The crystals are soluble in about 5 parts of cold 


water, and consist of 
Schulze. Vauquelin. 
Potassa . . 1 - 48. . »I5O . . 143 Tartrate } ae 
Boda Lee OE Be a a Te eee 
Tartaric acid: 2)... 182 )..5aa7 ,. . ) a3 Tartrate 46 
Watet -.4 6 10. en BOu85.* 298 2°. BIL ofsoda i 


ot 302 100°0... 100°0 100 


TarrRate or Lrrnia is easily soluble; when its solution is evaporated 
it affords a white uncrystallized mass, opaque and not deliquescent. 
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Excess of tartaric acid does not give a crystallizable bitartrate. T'artrate 


of Potassa and Lithia, formed by saturating tartar with carbonate of lithia, 


affords quadrangular prismatic crystals, easily soluble, and very slightly 


efflorescent. Tartrate of Soda and Lithia forms rectangular four-sided 


prisms, easily soluble, slightly efflorescent, and of a pure saline flavour. 
(C. GMELIN. ) 


_ Tarrrate or Lie (f@7/+C) is nearly insoluble in cold water, but 
soluble in 600 parts of boiling water; it is produced by adding chalk to 
tartar, as in the process for obtaining tartaric acid, «where it is decomposed 
by sulphuric acid. It dissolves sparingly in excess of tartaric acid, and 
may be obtained from such solution in small silky crystals. It is often 
contained in rough and purified tartar, and forms tufts of acicular crystals 
when tartar is saturated by bases. Dilute hydrochloric acid dissolves 


‘and decomposes it: if this solution is saturated by ammonia, the tartrate 


of lime is reproduced, and crystallizes after some hours in acute octoédra. 
Solution of potassa dissolves tartrate of lime, and when concentrated by 
evaporation becomes gelatinous, but liquilies on cooling. (DuUmas.) 


Tartrate of lime, after desiccation at 212°, consists of 
; Gay Lussac 
Berzelius. and Thenard. 
fame “er yg Boe 6 2S aD o4e ee. PGA ey 29499 
martaric acid. 62 de 66, es 5077. oe aed aa .349 
tet. wee ek ee ots | ug OO ss CS p OEY. oe 
if 


Tartrate of lime 130 100°00 100°00 100°000 


TARTRATE oF PotassA AND Lime may be formed by adding lime- 


water to solution of bitartrate of potassa, till it begins to become turbid: 


in a few days acicular crystals of the triple salt are deposited, which 
effloresce when exposed to air? 


TarTRATE oF Baryta (€Q7/+B) is a difficultly-soluble salt. When 
carefully dried it is anhydrous: it. is distinguished from sulphate of 
baryta by its solubility in hydrochloric, nitric, and acetic acids, and by 


_ its destructibility by heat. 


Birartrate oF Baryra forms transparent crystals, consisting of 2 
proportionals of tartaric acid (66 x 2)=132, 1 of baryta=77, and 2 of 
water (9 x¥2)=18. (THomson.) 

TARTRATE OF StrRonTIA is thrown down, after some hours, on mixing 


the solutions of tartrate of potassa and nitrate of strontia. It dissolves in 
rather more than 300 parts of boiling water, and forms small rhomboidal 


crystals as the solution cools. (V AUQUELIN.) Tt consists of 1 atom of 


tartaric acid, 1 of strontia, and 3 of water. (THomson.) 


-Tartrate or Macnesta is precipitated from the sulphate by tartaric 
acid: it is soluble in excess of tartaric acid, and forms a crystallizable 
salt. When dried at 60°, it consists of 1 proportional of anhydrous tar- 


trate, and 2 of water.. There is also a bitartrate of magnesia. (THoMSON.) - 


TARTRATE OF Mancanese, formed by dissolving protoxide of manga- 


“nese in-tartaric acid, is a soluble salt, and therefore not immediately 


precipitated by adding tartaric acid, or a neutral tartrate, to protochloride 


wt 
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or protosulphate of manganese. When hot solutions of protochloride of 
maanganese and tartrate of potassa are mixed, small crystals are deposited. 
on cooling, which are resolved by boiling water into a soluble super- 
tartrate and an insoluble basic salt. (Prarr.) The crystals consist of 
(€ar/4+Man+2q). (Tnomson.) When the protosalts of manganese are 
mixed with tartar, the oxide is not thrown down by pure or carbonated 
alkalis. (H. Rosr.) When tartaric acid and peroxide of manganese are 
boiled together in water, carbonic acid is evolved, and a colourless solution 
of prototartrate of manganese is obtained. Formic acid is also produced 
during the action of the acid and oxide. (Quarterly Journal, xiv. 232.) 


Tartrates or Iron.—Tartaric acid acts upon soft iron with the 
disengagement of hydrogen gas, and a difficultly-soluble prototartrate of 
iron, nearly white, and pulverulent, is formed. At a dull red-heat, this 
tartrate readily takes fire, and burns slowly away like tinder, the iron 
becoming peroxidized. It would probably form a valuable addition to the 
Materia Medica. (Urn, Quarterly Journal, Oct., Dec., 1829.) When 
hot and strong solutions of tartaric acid and protosulphate of iron are 
mixed, white foliated crystals of prototartrate of tron are deposited 
on cooling: this salt requires 400 parts of cold water for solution. 
(Dumas.) It has a slightly inky taste, and consists of (tar’+¥Fre+2 9). 
(THomson.) 


Tartaric acid has scarcely any action upon sesqui-oxide of iron, but 
a pertarlrate of iron may be obtained by mixing sesqui-sulphate of 
iron with tartrate of potassa, in equivalent proportions. Sulphate of 
potassa precipitates in a crystalline powder (the solutions being sufiici- 
ently concentrated), which may be separated from the blood-red. liquid 
pertartrate of iron by filtration. Alcohol forms a treacly precipitate in 
this solution. 


TARTRATE OF Iron AND PorassA.—When | part of iron-filings and 
A of tartar are digested together with water, a greenish, astringent, and 
difficultly-soluble salt is formed: it is not decomposed by pure or car-— 
bonated alkalis, but by sulphuretted hydrogen. (Tnenarp.) By long 
exposure of the mixture of tartar and iron to air, or by mixing 1 part of 
soft iron-filings with 4 of tartar into a thin paste with water, and digesting _ 
for some weeks, till the acid is neutralized, fresh portions of water being 
occasionally added to prevent exsiccation, a dark-brown uncrystallizable 
compound is obtained, the solution of which has been used in medicine. 
It is not decomposed by the alkalis. The pertartrate of iron and potassa 
is best obtained by digesting recently-precipitated hydrated peroxide of 
iron with bitrartate of potassa and water. It dissolves in alcohol. 


TARTRATE oF Zinc is formed by adding tartrate of potassa to sulphate — 
of zinc, and is a very difficultly-soluble compound. When oxide of zine 
is dissolved with tartar the solution is not affected by the alkalis, but — 
their sulphurets throw down the whole of the zinc. 


TARTRATE oF T1n.—Tartrate of potassa occasions a white precipitate 
in the neutral protohydrochlorate and perhydrochlorate of tin. Tarirate 
of polassa and tin, formed by boiling the oxide in solution of tartar, ig 
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very soluble; the addition of alkalis and their carbonates occasions no 
precipitates. (Tarnarp, Ann. de Chim., xxxviii.) 


TARTRATE OF Copper is produced by adding tartaric acid to sulphate 
of copper. It forms a bluish-green crystallized precipitate. When tar- 
taric acid is added to a solution of the neutral tartrate, a more difficultly 
soluble bitartrate falls. 


TARTRATE OF PorassA AND Copper is formed by boiling hydrated 
oxide of copper and tartar in water; the solution yields blue crystals on 
evaporation; or if boiled to dryness, furnishes one of the pigments called 
Brunswick-green. 


TARTRATE OF Leap (€07/+P1) is thrown down in the form of an 
almost insoluble white crystalline powder, on adding tartaric acid to solu- 
tion of nitrate or acetate of lead: it is soluble in excess of carbonic acid. 
When this tartrate is heated to a dull-red in a glass tube, it acquires a 
brown colour; and, when cool, forms, as was first remarked by Dr. Gobel,. 
a very perfect pyrophorus, which immediately inflames on being shaken 
out into the air. This property appears to depend upon the rapid 
oxidizement of the minutely-divided metallic lead; or, perhaps, a very 
oxidizable carburet lead may be formed. Tartrate of lead is composed of 


Berzelius. Thomson. Bucholz. 
Oxide of lead. 1 LE Ls a ey Oden. G2 ttn. Go oG) Os 
Semmiyecias... fi... OO 8 OPO Ca Oe. ee Op kare, AL OF 
Tartrate oflead 1 178 100°00 100°0 100°00 100 


 'TarTRATE oF Porassa AND Leap is formed, according to Thenard, 
by boiling a mixture of tartar and oxide of lead in water. (Ann. de Ch., 
Xxxvill.) It is an insoluble white powder, not decomposed by the alkalis 
or by dilute sulphuric acid. 


_ TARTRATE OF Antimony.—Protoxide of antimony dissolved in tar- 
taric acid yields a very soluble, deliquescent, and difficultly-crystallizable 
salt. 


TARTRATE oF ANTIMONY AND Porassa. Emetic TArtAr.—This 
compound may be obtained by boiling protoxide of antimony, obtained by 
any of the processes formerly described, with pure bitartrate of potassa. 
Emetic tartar is usually prepared by boiling a solution of 100 parts of 
tartar with 100 parts of finely levigated glass of antimony (or other prot- 
oxide); the ebullition should be continued for half an hour, and the 
filtered liquor evaporated to about half its bulk, and set aside to crystal- 
lize; octoédral crystals (BrooxE, Ann. of Phil., N.8., vi. 40) of the emetic 
salt are thus obtained; and there is generally formed along with them a 

ortion of tartrate of lime and potassa, which is deposited in small radi- 
ated tufts, easily separated when the mass is dried. 

Emetic tartar is a white salt, slightly efflorescent, soluble in about 14 
parts of cold, and 2 parts of boiling water. Its solution is rendered turbid 
by hydrochloric, nitric, and sulphuric acids, but not by the fixed alkalis: 
the fixed alkaline carbonates and lime-water decompose it. Infusion of 
galls and many other vegetable bitter and astringent infusions form a pre- 
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cipitate in solution of emetic tartar, which is generally said to be inactive, — 
and hence decoction of bark has been recommended as an antidote to its 
effects. Solution of sulphuretted hydrogen only precipitates very strong 
solutions of emetic tartar; weaker solutions are merely reddened by it. 
It is decomposed by hydrosulphuret of ammonia: among the metals, iron 
only throws down the whole of its antimony. At 212° the crystals lose 
about 2 per cent. of water; at a higher temperature about 7 or 8 per cent. 
Heated to redness, out of the contact of air, it furnishes a highly-pyrophoric 
residue. This salt (crystallized) consists of 


Wallquist. R. Phillips. 
Protoxide ofantimony 2 .. 154 . . 426 . . 4299 | , 43°35 
PP etagsa ste bs ess ie eka walcuuaD : Aes ae ot ~~ ) 46-38 
Tartaricacid . .. 2 132 ¢: (38@°Gic ss coe GL 
Water eee ie ae BP he ge ee) ae ee ee 
1 361 100°0 100°00 109-00 


TARTRATE OF Bismuta has not been examined, but moist oxide of 
bismuth, boiled with tartar, forms a difficultly-soluble triple salt. 


TARTRATE oF CopaLt.—Tartrate of potassa forms no precipitate in 
solutions of cobalt, but their colour is much heightened by it. Moist 
oxide of cobalt is soluble in tartaric acid, and the solution furnishes red. 
crystals on evaporation. 


TARTRATE OF URANIUM is a very soluble salt, not easily erystallizable. 
TARTRATE oF TITANIUM appears to be a soluble compound. 


TARTRATE oF Certum, according to Hisinger and Berzelius, is formed 
by adding tartrate of potassa to sulphate, nitrate, or hydrochlorate of 
cerium. It is a soft, tasteless powder, soluble in nitric, hydrochloric, and 
sulphuric acids, and in the alkalis. ; 


TARTRATE OF NicKet, formed by digesting moist oxide of nickel in 
tartaric acid, is a very soluble salt; tartaric acid occasions no precipitate 
in the soluble salts of nickel. 


TARTRATE OF Mercury.—Tartaric acid occasions white precipitates 
in all the solutions of the oxides of mercury, not containing excess of — 
acid. j 

TARTRATE oF PotassA AND Mercury is formed, according to The- 
natd, by adding solution of tartar to protonitrate of mercury; and an 
analogous salt of the peroxide may be obtained by boiling it in a solution 
of tartar. 

TARTRATE oF Sinver.—Tartaric acid occasions no change in nitrate 
of silver, but tartrate of potassa forms a white precipitate, which is pro- 
bably a tartrate of silver. 


TARTRATE OF SILvER AND Porassa is thrown down by adding tartar 
to nitrate of silver, : 


TarTRate or StiverR and AntiMony.—The precipitate which falls 
on adding nitrate of silver to a solution of emetic tartar, consists of 


a 
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: Wallquist. 
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Tartrate or ALuMina is a soluble uncrystallizable compound of an 
astringent flavour: it is not deliquescent. It exists in the Lycopodium 
complanatum, an infusion of which may be used as a mordant. ; 


Racemic Acip.—A very curious modification of tartaric acid has 
been discovered by Mr. Keestner, of Thann, and examined by Gay 
Lussac, Walchner, and Berzelius, (Ann. de Ch. et Ph., xuvi. 128,) who 
terms it paratartaric acid: it has been called racemic acid, and sup- 
posed to be peculiar to certain grapes. This acid is less soluble than 
tartaric acid, and its crystals instead of 1, include 2 atoms of water, one 
of which is given off at 212°, and the other, when it unites with bases, 
It is obtained by neutralizing the tartar which contains it with soda, 
and separating the double ¢artrate of soda and potassa by crystallization; 
the double racemate remains in the mother liquor, which, filtered 
through animal charcoal, and decomposed by a solution of acetate of 
lead, yields a mixed tartrate and racemate of lead; these, diffused 
through ,water and decomposed by sulphuretted hydrogen, furnish a 
solution of racemic and tartaric acids, from which the former may be 
perfectly separated by crystallization, whilst the latter remains in the 
mother liquor. Anhydrous racemic acid is represented by (4 car+2h 
+50)=7ac/; and the crystallized by (YC! +2 q). 


II. Oxarre Acty.—This acid, which was discovered by Scheele, is 
found in some fruits, and in considerable quantity in the juice of the 
Oxalis acetosella or wood sorrel, in the Rumex acetosa or common 
sorrel, and in the varieties of rhubarb. It is occasionally found in 


human urine; and it occurs in the mineral kingdom in combination 


with oxide of iron, forming the mineral called Humboldtite. It is most 
readily procured by the action of nitric acid on certain organic sub- 
stances, and especially upon sugar, and has hence been termed acid of 
sugar. It may be obtained by introducing into a retort 4 ounces of 
nitric acid diluted with 2 of water, and 1 ounce of white sugar; nitric 
oxide gas is copiously evolved, and when the sugar is dissolved, about 
one-third of the acid may be distilled over: the contents of the retort 


-are then emptied into a shallow vessel, and in the course of two or three 


days an abundant crop of white crystals is deposited, and, upon further 
evaporation of the mother liquor, a second portion is obtained. The 
whole crystalline produce is to be redissolved in water, and again 
crystallized, by which the pure acid is obtained. In this way sugar 
yields rather more than half its weight of oxalic acid. Potato starch 
may be substituted for sugar in this process, 12 parts of which yield: 
about 5 of the acid. 

_Oxalic acid thus procured is in the form of four-sided prisms, 
transparent, and of a very acid taste; their primary form is a right 
thombic prism, the modifications of which haye been described by 
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Mr. Brooke. (Ann. of Phil., N.S. vi. 119.) The crystals dissolve in 
about 15 parts of water at 50°, and in 9 parts at 60°, their solubility 
increasing rapidly with the increase of temperature; at 219°, they fuse in 
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their water of crystallization. The great solubility attributed to this acid 
by Bergman, seems to have depended upon the presence of nitric acid. 
It is less soluble in alcohol than in water, In a very dry air the crystals 
effloresce; at a temperature of 100°, they gradually fall into a white 


As this acid is volatile, its desiccation requires much caution: the 


powder, and when thus slowly dried lose about a third of their weight. — 
: 


crystals, after having been deprived of 2 equivalents of water, sublime 


rapidly when heated to about 330°; the sublimate forms transparent 
acicular crystals, containing 1 atom of water; they absorb moisture, and | 


become opaque by exposure to air. When the ordinary crystals are 
rapidly heated in a retort to about 300°, water, carbonic acid, carbonic 
oxide, and formic acid are the results. Passed through a red-hot tube, 
carbonic oxide and acid, and carburetted hydrogen are evolved, and a little | 
charcoal, with a trace of oily matter, is deposited. Hydrochloric acid dis- __ 


solves oxalic acid without decomposition, Mixed with about 20 parts of 


sulphuric acid, and gently heated, it is rapidly resolved into equal volumes 
of carbonic acid and carbonic oxide, which gases are evolved, whilst the 
water of the crystals remains combined with the sulphuric acid. Oxalic 
acid absorbs chlorine, and the resulting compound is resolved by the 
action of water into hydrochloric and carbonic acids. (Ann. de Ch. et Ph., 
xix. 84.) The intensity of the acidity of oxalic acid is such, that 1 
part in 200000 of water reddens litmus. It abstracts lime from sul- 
phuric acid when added to a solution of sulphate of lime, but oxalate of 
lead is decomposed by sulphuric acid, so that its affinity for bases appears 


to be about equal to that of sulphuric acid. It is extremely poisonous, 
and many accidents have occurred from its resemblance in external 
appearance to Epsom salt (sulphate of magnesia) and from the care-— 
lessness with which medicines are often dispensed and taken. The 
intense sourness of oxalic acid, and the saline bitterness of the sulphate, 
readily distinguish them; chalk or whiting, or magnesia or carbonate of : 


magnesia, or large draughts of soap and water, are the most Tea 


antidotes. 


The composition of oxalic acid is a subject which has engaged much - 
attention, since Dobereiner first suggested the non-existence of hydrogen 
as one of its ultimate elements, and showed that in its anhydrous state, 
as it exists in combination with certain bases, as, for instance, with oxide 
of lead, it might be regarded as a binary compound of carbon and oxygen. | 
Its Paice, founded upon this view, is 36, and it consists of (2 Car 


Say 0), or, 
Carbon ».92)- 4,12 
Oxygen .'.3.. 24 


Oxalicacid 1 36 


The ordinary crystals contain 


Anhydrous oxalic acid . 
Water... 


Crystallized oxalic acid 


33°33 Carbonic oxide 1 . 14 . 38°9 
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‘white powder, composed of 
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And the crystals, dried as far as possible without decomposition, by which 
they lose about 28 per cent. of water, leave a compound of 


Berzelius. 
Anhydrous oxalicacid 1 . . 36 . . 80 ,. . 805 
Water e e e ° . 1 4 e 9 e ° 20 e ° 19°5 
1] 45 100 100°0 


Those who consider an atom of water as an essential component of 
the dry oxalic acid, represent it by the equivalent 45, and regard: the 
acid as a compound of 


Carbon . 2 Puke - 26°67 
Oxyeentinotea ts SL SQ sist Ze 
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Oxatate or Ammonta.—This curious salt is generally obtained by 
saturating a solution of oxalic acid by ammonia, and crystallizing. It 
forms prismatic crystals, (Brooks, Ann. of Phil., N.S., vi. 374,) of which 
45 parts require 1000 of cold water, for their solution. They are much 
more soluble in hot water. Added to any soluble compound of lime, 
this salt produces an insoluble oxalate of lime, provided no excess of acid 
be present; hence its use as a test of the presence of lime in water. 
The crystals ‘are insoluble in alcohol. They contain 2 equivalents of 
water, 1 of which may be expelled by heat, when they crumble into a 


Berzelius. Berard. Thomson. 
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Oxalate ofammonia 1 62 100:00 100°00 100°00 100°00 


~BrnoxanaTtE or Ammonia (202/+4 A) is less soluble than the 
oxalate; it consists of 2 proportionals of acid, 1 of ammonia, and 2 of 
water (Brerarp), 4 of water (Dumas). 


OXALAMIDE. OxamipeE.—When oxalate of ammonia is distilled, it 


_ becomes opaque from loss of water, fuses, boils, decomposes, and vola- 


tilizes, leaving a little carbon behind; the liquid which passes over 
contains a flocculent substance, which also lines the neck of the retort, 
and to which M. Dumas has given the name of oxalamide; it may be 
separated by washing and filtration, 100 parts of the oxalate yielding 
about 5. The other products are ammonia, water, carbonic acid, car- 
bonic oxide, and cyanogen. Oxalamide is in imperfect crystallized plates, 


or a granulated powder, without taste or smell, and having no action on 


test-papers. It is volatile when carefully heated, but generally sublimes 
with more or less decomposition, yielding cyanogen and carbon: it is 
scarcely soluble in water at 60°, and a saturated solution at 212° deposits 


it in crystalline flocculi. It is insoluble in alcohol. It is composed of 


Dumas. 
EE NY OME Ect 5 
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Consequently oxalamide differs from oxalate of ammonia in containing 
less water, by 2 atoms; for 44 oxalamide+18 water = 62 oxalate of 
ammonia; and oxalamide may, under certain circumstances, resume this 
elementary water, as by the action of acids or hydrated alkalis aided by 
heat. Boiled with potassa, or soda, oxalamide evolves ammonia, and 
the carbon and oxygen remain in the state of oxalic acid: the dilute 
sulphuric, nitric, and hydrochloric acids convert it into oxalie acid, and 
become ammoniacal salts. Boiled with concentrated sulphuric acid, 
oxalamide affords sulphate of ammonia, and equal volumes of carbonic 
acid and carbonic oxide are disengaged: concentrated nitric acid converts 
oxalamide into nitrate of ammonia and carbonic acid. In these cases, 
oxalamide, by decomposing an atom of water, furnishes oxalic acid and 
ammonia, or 


Carbon . 2 ee 
», JOxygen . ot + 1 Oxygen { Oxalic acid pee 
egg Hydrogen. 2 : ammonia 
ANitrogen . 4s 1 Hydrogen{ Ammonia- 


The elements of oxalamide, as will be seen by the above diagrams, are 
such as to represent 2 atoms of carbonic oxide 4+ a compound of 2 atoms 
of hydrogen and 1 of nitrogen; now it has been ingeniously suggested by 
Dumas that an analogy subsists between this bihydruret of nitrogen, and 
the bicarburet of nitrogen or cyanogen, and that both resemble the haloid 
bases; that is, considering 2+2/, which we may call. ammogen, as a 
compound analogous to cyanogen, oxamide would be a compound analo- 
gous to the cyanurets and chlorides. We shall afterwards have occasion 
to revert to this analogy; in the mean time, it may be observed that the 
elements of oxalamide are such as to admit of other hypothetical distribu- 
tions; that they are, for instance, equivalent to nitrous oxide and olefiant 
gas (1+20)+(2 A+: Car), or to cyanogen and water (+2 Cdr) + 
2 (h+ 0). Compounds of the base +4-2h with other acids are also dis- 
tinguished by the termination amide, as benzamide, succinamide, &c. 


OxaxatE or Porassa (02°/+P) forms flat rhomboidal crystals, soluble 
in rather less than 3 parts of water at 60°: the crystals include 1 pro- 
portional of water. The greater number of vegetable substances, such as 


cotton, wood, sugar, starch, gum, and most of the acids, and some animal _ 
substances, yield oxalic acid when fused with from four to six times 


their weight of caustic posassa, at a temperature below that which 
occasions charring: in this way oxalate of polassa is produced, and is 
converted, at a higher temperature, into carbonate of potassa. 


BinoxALaTE oF Porassa. (20a/-+P.)—Oxalate of potassa, dissolved 
in oxalic acid, produces the binowalate, which crystallizes in small rhombic 
crystals of a bitterish and sour taste, soluble in about 10 parts of cold water. 
This salt, together with the quadroxalate, exists ready formed in the juice 
of the Oxalis acetosella, and is known under the name of salt of wood 
sorrel. : 


QuaDROXALATE oF Porassa. (40x/ + P.)—When binoxalate of | 
potassa is digested in nitric or hydrochloric acid, half the potassa is 
abstracted and a quadroxalate remains. The crystals of this salt include 
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7 proportionals of water: or, according to Berard, only 3. The com- 
position of these several oxalates of potassa was originally pointed out 
by Wollaston, and deserves to be recorded as the first well-authenticated 
illustration of the theory of multiple proportionals. (Phil. Trans., 1808.) 


Ammonto-OxaLATE oF Porassa.—When the binoxalate of potassa 
is neutralized by an atom of ammonia, a double salt, which forms long, 
permanent, acicular crystals, is obtained. | 


OXALATE OF SopDA is sparingly soluble in water, and separates from 
its solution in small crystalline grains, composed of 
Berard, ‘’yhomson. 
Sodaj, e e 1 e ® 32 e ° 41°6 ® e 41°08 ° e 36°37 
Oxalic arid Fo SR. BROS Ae : ; 
lie AR rulings ee HA 2 agen. 68-68 
] 


af 100°0 100°00 100-00 


Oxalate of soda 


There is a binowalate, but apparently no quadroxalate of soda. 


Oxaxate oF Liruta is difficultly crystallizable and very soluble. The 
binoxalate forms small transparent granular crystals, not so soluble as the 
neutral salt. : ; 


Oxa.aTe or Lime. (0x’/-+C.)—This compound existsin many plants, 
and the little transparent bodies called raphides, found in the cellular tissue, 
and floating occasionally in their juices, as in the sap of very old trees, 
and in the juice of the common hyacinth, are composed, according to 
Raspail, of this salt. Oxalate of lime also exists occasionally in the 
human urine, and forms calculi of the kidney and bladder, which, from 
their rough or nodular exterior and brown colour, are generally called 
Mulberry calculi. It may be formed artificially by adding oxalic acid or 
oxalate of ammonia to any solution of lime. It is insoluble in water, and 
in excess of oxalic acid, but dissolves in hydrochloric and nitric acids: 
hence in testing acid solutions for lime, by oxalic acid, or oxalate of 
_ ammonia, the excess of acid should be previously neutralized. Whilst 
drying upon the sand-heat this salt becomes singularly electrical. Ata 
red heat it is converted first into carbonate, and then into quicklime. 
When recently precipitated, well washed, and dried by mere exposure to 
air, it consists of | 

Thomson. 
o4 tees 9 OF) | ee ered 


36. . 43°99 . . 43°69 
SO ee BE oy “gS 


82 1000  —« 100-00 


Tame s *5 
Oxalic acid 
Water . 


Dried at 60° 


mm) SD et ee 


When kept at 212°, till it no longer loses weight, it appears to con- 
sist of 
‘ Gay Lussae 
Vogel, Berard. and Thenard. 
EO See: we 2 aL eee ee 38°655 
Daaueacd., 3} | . BE . , 493...., A9B)c2: “ *). 
W ater ea ] : . 9 . 12°3 M S 12-0} ° ° 62 r ° 61 345 
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_ Dried at 212° 
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When dried at 500°, it becomes anhydrous, and then contains 


Vogel. 
Thomson. Dumas. 


Lime Ra te OB on ao ee 43°75 . . 4401 
Gerais aca 2 a"... SBS. 2) 863. 4) 2 Oe ce 2. mes 
1 


64 100°0 100-00 100°00 


Dried at 500° 


As oxalate of lime is frequently referred to in quantitative analysis, the 
degree of desiccation must be, in such cases, attentively observed; but it 


is perhaps better to convert it by heat and sulphuric acid into anhydrous 
sulphate of lime, the equivalent of which is more certain. 
“ A compound of chloride of calcium with oxalate of lime, containing 


water of crystallization, is obtained in good crystals, which are persistent _ 


in the air, by dissolving oxalate of lime to saturation in hot hydrochloric 
acid, and allowing the solution to cool; it consists of 1 equivalent of each 
salt with 7 equivalents of water. Oxalate of lime is known to combine 
with 2 equivalents of water, of which 1 appears to remain in this double 


salt, while the other is replaced by chloride of calcium, carrying its 6 


atoms of water of crystallization along with it.” (GRraHAM.) 


OXALATE oF Baryra is very nearly insoluble. It cannot be obtained ~ 


in an anhydrous state, but when dried at 212°, contains 


Berard. 
Bary tees ar PT AS ta 631° Fees Gey 
Oxalicacid .. | 3386 as tre 2o%S 
Waters: sis Ske wh Be see a a - + 37°83 
Oxalate of baryta 1 122 100°0 100°00 


Brnoxa.ateE or Baryta is formed by boiling excess of oxalic acid 


with carbonate or nitrate of baryta; on cooling it is deposited in trans- 


parent crystals. Boiling water resolves these into a precipitate of neutral 


oxalate, and free acid. The crystals contain 


Bary tas 202 Gas Ve Se AS ee eres 
Oxalic acid VO 2s. wa7 2 mae BB 
Water ein fae 22 we CHB 2 Bs al 020 es 

1 


ee ——— 


Binoxalate of baryta 167 100°0 100 


OXALATE OF SrRONTIA is a white tasteless powder nearly insoluble in 


water, (in 1920 boiling water, Horn.) It consists of 1 atom of oxalic 
acid, 1 of strontia, and 2 of water. (THomsov.) 


OxALATE or Macnrsta is a white, tasteless, and almost insoluble 


powder; yet it is not immediately thrown down when oxalic acid, or 
even oxalate of ammonia, is added to sulphate of magnesia, unless the 
solutions are concentrated and hot. Hence oxalate of ammonia may be 
_used to detect lime in solutions containing magnesia. 3 


OxaLATE oF Mancangse.—When black oxide of manganese and 


‘superoxalate of potassa are triturated together and moistened, carbonic — 


acid is evolved; and, on adding more water, and filtering, a red solution, 
containing oxalic acid, potassa, and manganesic acid, is obtained, which 
after a time becomes colourless, and a triple salt is formed, containing 
the protoxide of manganese. Oxalic acid and oxalate of ammonia throw 
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down a white powder from concentrated solutions of the protosalts of 
- manganese. 


Oxauare or Inon.—The protovalate crystallizes in green prisms, and 
| may be formed either by digesting the metal, or dissolving the protoxide 
aintheacid. The perovalate is thrown down from the perhydrochlorate or 
persulphate of iron, in the form of a difficultly-soluble yellow powder, 
which is taken up again by excess of oxalic acid: hence the use of this” 
acid in removing iron-moulds, which it does without injuring the texture 
of linen. Pure ferrocyanuret of iron is soluble in oxalic acid, and this 
solution diluted with water is used by Mr. Stephens as a writing fluid. 
When oxalic acid is present in very dilute solutions of iron, the preci- 


_ pitation of the iron by ferrocyanuret of potassium is prevented. (J. T. 
_ Coorrr.) 


OXALATE oF Zinc is formed by adding oxalic acid to a soluble salt of 
zinc: it is a white powder, nearly insoluble. 


OxataTE or Tin is formed, according to Bergman, by digesting the 
metal in the acid; the solution, slowly evaporated, gives prismatic 
crystals. 


OxaaTE or Capmium is a white insoluble powder. 


Oxaate or Copprr.—Oxalie acid oxidizes and dissolves copper. 
When oxalic acid is added to sulphate or nitrate of copper, oxalate of 
copper is thrown down in the form of a green powder, soluble in excess 
of acid, and yielding a solution from which prismatic green crystals may 
be obtained, of binoxalate ? 


OXALATE OF Copper AnD AmMMonrA.—This, and several other double 
oxalates of copper, have been described by Vogel. (Schweigger's Journal, 
vii.) By digesting oxalate of copper in a solution of oxalate of ammonia, 
and filtering, rhomboidal crystals were obtained on evaporation, which 
detonated when suddenly heated: when slowly heated, they merely lost 

_ Water and ammonia. From the analysis of this salt, it appears to con- 
sist of | 


F. C. Vogel. 
Ammonia . 1 eer banana «1. 10°90. 'f) 7 eee 
Oxide of copper 1 .:. 40 . . 2564 . . 25°0 
Oxalic acid , 2 eeetge shee 46°15 2 aes 
Water . 3 “Lees ee. 31. 2... eee 
| 156 100°00 100°:0 


By digesting oxalate of copper in caustic ammonia, and pouring the 
solution thus obtained into a shallow basin, it deposits flat six-sided prisms 
of a blue colour, which effloresce on exposure to air. The undissolved 
portion of the oxalate also combines with ammonia, and produces another 
distinct compound. 


_ of copper in solution of binoxalate of potassa. Prismatic and rhomboidal 
crystals are formed, which Vogel considers as two distinct salts; the 
former, consisting of 1 proportional of oxalate of copper, 1 of oxalate 


q Al 
: 


; 

. 

_ OXALATE or Copper AnD Porassa is obtained by digesting carbonate 
if 
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of potassa, and eight of water; and the latter, of 1 proportional of — 
oxalate of copper, 1 of oxalate of potassa, and {wo of water. “i 


OXALATE oF Copppr AND Sopa.—Vogel has also described two varieties 
of this salt. (Schweigger’s Journal, vii.) 


OxaLATE or Leap (02/+ Pt) is thrown down in crystalline grains — 
on adding oxalic acid to nitrate of lead. It is insoluble in water, but j 
dissolves sparingly in excess of oxalic acid. Heated in close vessels it % 
leaves a suboxide of lead; in the air it leaves oxide of lead: when heated — 
in a tube with potassium, it detonates violently: it is anhydrous when 
dried at 212°, and consists of 


Berzelius. 
Oxide oflead 1 . . 112. . Y7568 . . 75°46 
Oxalic'acid 0 Loe" 286) 9) 2 22432 2 eee 
1 148 100:00 100:00 3 


OXALATE oF ANTIMONY has not been examined. 


Oxatate or Bismurs is deposited in crystalline grains, when solution | 
of oxalic acid is dropped into nitrate of bismuth. | 


OxaLaTE oF Copatr is an insoluble red powder, precipitated by 
oxalic acid from solutions of cobalt. It dissolves in excess of oxalic acid, — 
and the solution furnishes crystals. The dry salt yields, when heated in 
a tube, 0°3286 metallic cobalt, 0°-4757 carbonic acid, and 0°1957 water; 
it therefore consists of ] atom of oxide of cobalt, 1 of oxalic acid, and 2 
of water. When carefully heated, it loses water, and then burns in the 
air. (Diéperemner.) It forms a double salt with oxalate of ammonia. 


OxaLATe of Uranium is difficultly soluble in water, and is preci- 
pitated by concentrated oxalic acid from the neutral salts of uranium. — 
A weak solution of a salt of uranium is not disturbed by oxalate of | 
potassa. The oxalate of uranium contains 13°5 per cent. water, the | 
oxygen of which is to that of the oxide as 3 to 1. (Brrzexius.) 


OXALATE oF CERIUM is precipitated by the addition of oxalic acid or — 
oxalate of ammonia to solutions of the protoxide of cerium, of a white | 
colour, insoluble in excess of acid, but soluble in liquid ammonia. In — 
solutions of the peroxide of cerium, the precipitate is of a dingy red, and | 
soluble in ammonia. 


OxaaTe or Nicket is thrown down from the nitrate in the form of 
an insoluble green powder. It contains 13-4 per cent. (= 2 atoms) of — 
water: heated in a retort it yields carbonic acid and metallic nickel: it 
forms double salts with the oxalates of ammonia, potassa, and soda. 


OXALATE or Crromivum, in solution, is red by transmitted, and green 
by reflected light; it yields, on evaporation, a green deliquescent and very 
soluble salt, which crystallizes with excess of acid, and is not precipitated 
by, but forms doubie salts with, the alkalis. 


Oxatats or Motyspenum.—The protovalate is dark-gray; black 
when dry; and little soluble in excess of oxalic acid. The perovalate | 
may be obtained in very dark-blue crystals, yielding a red solution from 
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which ammonia throws down a red basic salt, insoluble in excess of 
ammonia. Molybdic acid yields a colourless solution in oxalic acid, 
which, when evaporated, becomes at first gelatinous, and then crystalline; 


‘it is soluble in water and alcohol. These oxalates of molybdenum all 


yield double salts with oxalate of potassa. (Berze.ivs. ) 


OxaLatE or Tirantum falls as a curdy hydrated precipitate, when a 
solution of titanium is heated with oxalic acid: it dissolves in excess of 
acid, and consists, according to Rose, of 6 atoms of oxide of titanium, | 
of oxalic acid, and 6 of water. | 


OxataTe or CoLtumpium.—According to Wollaston, the recently- 
precipitated hydrated columbie acid dissolves in oxalic acid; but Gahn, 
Berzelius, and Eggertz state, that only a trace of the acid is so dissolved, 
but that binoxalate of potassa readily takes it up and forms with it a 
double salt, from which the alkalis throw down columbic acid. 


OXALATE oF Mercury is precipitated from the nitrates by oxalic 
acid. The protoralate is scarcely soluble, and detonates slightly when 
heated. It was once supposed to exist in Howard’s fulminating mer- 
eury, but this is not the case. It forms a double salt with oxalate of 
potassa. 


OxaLaTE oF Sitver is an insoluble white powder, which blackens 
when exposed to light. It is precipitated on adding oxalic acid to nitrate 
of silver, and is soluble in nitric acid. It detonates slightly when vio- 
lently struck upon an anvil: when heated it becomes electric, and evolves 
water and carbonic acid, leaving metallic silver. It forms a double salt 


with oxalate of potassa. 


OxaLaTE or AtumINA is easily formed by dissolving the newly- 
precipitated earth in oxalic acid: it does not crystallize, but affords, on 
evaporation, a gelatinous mass, which deliquesces on exposure. This 
is probably a binoxalate, for Berzelius states that the neutral oxalate is 


insoluble. 


Hyproxatic Actp. Saccuarto Actp. (Acide oxalhydrique.)—Under 
this name Guérin-Varry (Ann. de Ch. et Ph., tii. 318) has described a 
peculiar acid, which is formed, together with oxalic acid, during the 
action of nitric acid upon sugar, gum, and other substances, and which 


was noticed by Scheele, and considered as identical with malic acid. 


Guérin obtains this acid by mixing ] part of gum arabic with 2 of nitric 


acid, diluted with half its weight of water in a retort of four times the 
capacity of that of the mixture, and connected with a tubulated receiver: 


heat is applied till nitrous vapours begin to appear; it is then withdrawn, 


and a large quantity of nitrous gas succeeds; when this ceases, the liquor 


4s boiled for an hour, then diluted with 4 parts of water, saturated by 


ammonia, and a solution of nitrate of lime is then added to precipitate 
oxalic acid: the solution, which is now of an orange colour, is filtered 


and precipitated by acetate of lead: the. precipitate is washed upon a filter 


till the washings no longer are discoloured by sulphuretted hydrogen, and 
is then decomposed either by a stream of that gas or by sulphuric acid 


diluted with 6 weights of water: the acid thus obtained is evaporated 


412 


ae 
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by a gentle heat, and, when sufficiently concentrated, is neutralized by 
ammonia, and evaporated till it begins to crystallize. The crop of crystals — 
which it affords, and which are dark coloured, are dissolved and treated a 
by animal charcoal; the decoloured solution is then precipitated again 
by acetate of lead, and the precipitate is decomposed as before: the acid 
liquor now obtained is cautiously evaporated till it acquires the con- 
sistency of syrup, and the evaporation is completed, in vacuo, till the 
residuary liquor begins to acquire a yellow tint. , *, 

Trommsdorf’s process for obtaining this acid is as follows:—He heats 
a mixture of equal parts of sugar and nitric acid (specific gravity 1-2) 
till it begins to effervesce; abundance of gas is evolved, and the liquid 
becomes thick and yellow; it is then diluted with water, and saturated 
by chalk, the excess of which, and the precipitated oxalate of lime, are 
removed by filtration; the filtered liquor is concentrated by evaporation 
and mixed with alcohol, which precipitates the hydrowalate of lime: this 
is collected, redissolved, filtered through charcoal, and decomposed by — 
acetate of lead; the resulting hydrowalate of lead is decomposed as before | 
by sulphuretted hydrogen: to get it colourless, the acid must be saturated 
by soda, again thrown down by lead, and this decomposed as before. * 
8 ounces of sugar yield about 1 ounce of the acid. (Ann. de Ch, et Phy 
tiv. 208.) ; : 

Hydroxalic acid, when obtained in its utmost state of concentration, 
is in the form of a syrupy, colourless, inodorous, and intensely-sour liquid. 
Its specific gravity is 1-415 at 60°. It unites in all proportions with 
water and alcohol, but is only sparingly soluble in ether, It is very 
deliquescent. It precipitates lime, baryta, and strontia water, and the | 
precipitates are all soluble in excess of acid: in this respect it resembles — 
tartaric acid; but it differs from that acid in not precipitating potassa or — 
its salts when added to them in excess: it is distinguished from malie¢ 
acid, which does not precipitate the above bases. It furnishes copious 
white precipitates in solutions of lead and silver. It dissolves zinc and — 
iron, with disengagement of hydrogen, but has no action on tin. When | 
1 part of hydroxalic acid and 3 of nitric acid are mixed and left for — 
a month, at common temperature, being shaken daily, nitrous gas and — 
carbonic acid are evolved, and crystallized oxalic acid formed: boiled — 
with nitric acid, hydroxalic acid is.converted into oxalic and carbonie 
acids: with equal parts of sulphuric acid and water it yields sulphurous 
and carbonic acids; it is changed into formic acid when gently heated 
with sulphuric acid and black oxide of manganese. Subjected to destruc- 
tive distillation it affords the usual products of these compounds, and 
leaves a bulky charcoal. 3 ee 

According to Guérin, this acid, in its anhydrous state, as in the salt 


of lead, is composed of (4 C7 4 3 hs 0): its equivalent, therefore, is 75; or 


: Guérin. 
Carbon), sj): 2 8 feats Mi SRA) eats ied re ees ene eae 
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Anhydrous hydroxalic acid 1 73 100 100°0 


The above numbers are, it is to he observed, equivalent to 2 atoms of 


CITRIC ACID. 1189 


dry oxalic acid + 3 atoms of hydrogen, or to 1 atom of tartaric acid +1 
atom of water. (See a later paper on this acid, called Saccharic acid, by 
THautow, Ann. de Ch. et Ph., uxix. 52, who gives as the formula of this 
acid (2car+sh4u 0)+59, in its state of hydrate.) 


III. Cirric Acip.—This acid exists in many vegetables, either free, 
or combined with lime: it is especially abundant in lemon-juice, from 
which it was first obtained in a crystalline form by Scheele: it is con-_ 
_ tained in currants, gooseberries, raspberries, and other fruits, and is often 
associated with malic acid. 

Citric acid is obtained from lemon or lime juice as follows Boil 
the expressed juice for a few minutes, and, when cold, strain it through 
fine linen; then add powdered chalk as long as it produces effervesgence: 
heat the mixture, and strain as before: a quantity of citrate of lime 
remains upon the strainer, which, having been washed with cold water, 
is to be put into a mixture of sulphuric acid with 20 parts of water: the 
proportion of acid may be about equal to that of the chalk employed. 
In the course of 24 hours, the citrate of lime will have suffered decompo- 
sition, and sulphate of lime is formed, which is separated by filtration. 
The filtered liquor, by careful evaporation, as directed for tartaric acid, 
furnishes crystallized citric acid. 

The preparation of this acid is carried on by a few manufacturers 
upon an extensive scale; in different states of purity, it is employed by 
the calico-printers, and used for domestic consumption. Many circum- 
stances which have not here been alluded to, are requisite to ensure 
complete success in the operation; these have been fully described by 
_ Mr. Parkes, in the third volume of his Chemical Essays. The average 
proportion of citric acid afforded by a gallon of good lemon-juice, is 
about 8 ounces. Dr. Henry states that he has obtained as much as 12 
ounces. 3 - 

Citric acid forms beautiful crystals, of which the primary form is 
aright rhombic prism. They have a very sour taste, and are soluble in 
somewhat less than their own weight of water at 60°, and in half their 
weight at 212°. They also dissolve in alcohol. 

M. Tilloy, of Dijon, recommends currants as a source of citric acid: 
_ they are bruised, and the expressed juice is fermented, and then distilled 
to obtain the alcohol: the residue is saturated by chalk, and the washed 
citrate of lime decomposed by sulphuric acid: from 100 parts of currants 
he obtained 10 of alcohol and 1 of acid. (Ann. de Ch. et Ph., xxxix. 222.) 

Citric acid is sometimes fraudulently mixed with the tartaric: the 
adulteration may be discovered by gradually adding to the acid dissolved 
in water, a solution of carbonate of potassa, which will occasion the preci- 
pitation of bitartrate of potassa if tartaric acid be present. 

The crystals of citric acid include a certain proportion of water, part 
_ of which may be expelled by heat: in its anhydrous state, as it exists 
combined with certain bases, it is a compound of 


; Berzelius. 
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Hence we have the equivalent of this acid 58, (5848 Turner, 58 
GMELIN,) or (4CA/+2 h+40). 
The crystals of citric acid, denosited from its saturated solution at s 
212°, contain 1 atom of water: they are, therefore, represeuted by the 
formula (4 Car +2440) + q, or (Ctl/+-). Their equivalent is584+9 
== 67, and they include - 
Dumas. Prout. Ure. 

Carbon 2 ORT BER BSB TS BEBE B48 BS-O0 
Hydrogen . . x 3:3 6 3. 45 . 445 . 476... 463 
Oxygen . 5 40 . 597 . 5927 . GOVE . 62°37 
1 


Crystallized citric acid 67 100 ‘0 100°00 100°00 100-00 


These crystals fuse at a little above 212°, into a limpid liquid, with- 
out loss of weight, and concrete, on cooling, into a solid transparent mass. 
The crystals which are obtained by the spontaneous evaporation, at 
common temperatures, of a solution of citric acid, differ in composition 
from the former, and contain 3 atoms of anhydrous acid and 4 of water 
(3 Ctt/+-4), which, therefore, is the composition of the ordinary citrie — 
acid of commerce; or 

Berzelius. 
Car ee OO: 5 ae 
2 APS TP Ag 


Anhydrous citric acid 1 
EVV COUR ATs yas Une lee ee 
1 


Common crystallized acid 100°00 109 


These crystals are permanent at common temperatures, but when dried 
at 212° they efiloresce and lose exactly half their weight of water, being 
reduced to (3 €2t/+29), or 

Berzelius, 
Anhydrous citricacid I . . 58 . . 906 . . 907 
AECL cas) ae tet 9) cs Oe ee eae ee 


Effloresced citric acid 1 64 100°0 100°0 


When any attempt is made to drive off more water by the application of 
a higher temperature, the acid is itself decomposed. 


Cirrates.—The neutral citrates, considered as compounds of anhy- 
drous citric acid and bases, are so constituted that the oxygen in the acid 
is to that in the baseas4 to 1. Many of them are insoluble, or difficultly 
soluble, but are soluble in excess of acid: those which are soluble do not 
deposit difficultly-soluble acid citrates, when excess of acid is added. 
When cold, they give scanty precipitates with the salts of lime, but copious _ 
when heated: these precipitates are soluble in a large quantity of water, 
and in acetic acid. Some of the peculiarities of the citrates have been 
pointed out by Berzelius. (Ann. de Ch. et Ph., uii. 424 and 432.) 


Crrrate or Ammonta crystallizes with difficultly in prisms. 


Citrate oF Porassa is very soluble, deliquescent, and difficultly — 
erystallizable. It is much used in medicine as a mild diaphoretic, and is _ 
the Salt of Riverius of old pharmacy. 76 parts of the crystallized acid 
saturate 70 of carbonate of potassa. : 


Citrate or Sopa is crystallizable in prisms, of a saline flavour, and _ : 
soluble in somewhat less than their weight of cold water. When this 


ee 
eo 
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salt is dried at 212° it loses 17'5 per cent. of water, and the remaining 


salt is a compound of (cil 4+S+ q). Berzelius conceives that when this 
salt is dried at 200° (centigrade) it not only loses its water of crystalliza- 
tion, but also a portion of water derived from the elements of the acid; 


but that, notwithstanding this partial decomposition, it reverts to the 
state of perfect citrate of soda, when redissolved in water. 


Cirrate oF Lirata is very difficultly soluble, and does not crystallize. 


Citrate or Lime has been adverted to in the preparation of citric 
acid. It is nearly tasteless, and scarcely soluble in water, but readily 
soluble in solution of citric acid: when moistened, it soon grows mouldy 
if exposed to air. Neutral citrate of lime, dried at 212°, consists of 


(Cit/+ C+ q), or 
Gay Lussac 
Berzelius. and Thenard. 


WAG +a. 28 OP en EO EU i, oleae 
Citric acid ee 58 61: - » 60:93 

Water. (2. “Yeys 9 Ge ek cad “kg in SO 
Citrateoflime 1 95 — 100°0 100°00 100°00 


This salt is sometimes prepared in, and exported from, countries where 
lemons and limes are abundant, as a source of citric acid. 


Cirrate or Barra, when neutral, is very difficultly soluble. The 
bicitrate forms acicular crystals, soluble in water and efflorescent. The 


neutral citrate is represented by (Ctt/+B +2 q)- 


 Crrrate oF Srrontia.—Citric acid renders strontia water turbid. 
Citrate of potassa does not precipitate nitrate of strontia, till heated. 


Cirrate or Magnesia is difficultly soluble, and does not crystallize. 


Citrate or Maneanese is formed by digesting moist protoxide of 


_ manganese in citric acid; it produces white arborescent crystals. Carbonic 


acid is evolved from a mixture of citric acid and peroxide of manganese. 


Cirrate or Iron.—According to Dr. Henry (Elements of Chemistry, 
9th edition, ii. 200), citric acid dissolves iron-filings with effervescence, 


and forms a nearly colourless solution, which deposits citrate of iron in 


the state of a white powder. It has a sweetish astringent taste; dis- 
solves in water, but not in alcohol: and, when exposed in a moist state 
to the air, becomes first yellow, and then olive, being converted into a 


percilrate which is unerystallizable and deliquescent. There is also a 


bicitrate of the protoxide, which is deposited in a white crystalline form 
during the solution of iron in excess of citric acid; it has a sour astringent 
taste, and is more permanent than the neutral protocitrate. 


Cirmrate or Zinc.—Zine dissolves in citric acid with effervescence: 
citric acid readily dissolves the oxide of zinc, and the solution deposits 


"small crystals, scarcely soluble in water, and of an astringent taste. 


Crrrate or Trx.—Neutral citrate of potassa forms no precipitate 
either in protohydrochlorate or perhydrochlorate of tin. 
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CirratE oF Copprr.—Citrie acid forms a pale-blue precipitate in 
solution of sulphate and nitrate of copper. When solution of acetate of q 
copper and citric acid are boiled together, a granular green precipitate 
gradually falls, composed of (3 C2t/+4Cu+4q). When dried at 212° f 
it becomes blue, and loses half its water. 


y 


>. 
Cirrate or Leap is thrown down in the state of a nearly insoluble _ 
powder, when citric acid is added to nitrate of lead. According to Ber- i! 
zelius, a neutral citrate of lead is most certainly obtained by adding an — 
alcoholic solution of citric acid to a solution of acetate of lead, and wash- 
ing the precipitate with alcohol, for water abstracts part of its acid. It 
" consists of (Ctt/+Pr). On digesting this neutral salt with subacetate of 
lead, he obtained a bibasic salt, or dicitrate of lead (Cit/+2P1L). By — 
the action of ammonia on the neutral citrate he formed a subsalt, repre- 
sented by (3¢tt/4+4P1): and lastly, by dissolving the neutral citrate of 
lead in hot and very weak nitric acid, the saturated solution deposited 
crystals on cooling, composed of (3 cit/+2Pi+2 q). 


CITRATE oF ANTIMONY? 
Citrate oF BismurTH is an insoluble white compound. 
Citrate or Copatt appears to be a soluble salt. 


CiTRATE oF Uranium, formed by digesting oxide of uranium in citric 
acid, is a soluble and difficultly-crystallizable salt. 


Citrate oF NIcKEL is not thrown down by adding either citric acid 
or citrate of potassa to the solutions of nickel. 


Citrate oF Mercury.—Both the protocitrate and percitrate of mer- 
cury are insoluble, and thrown down when citric acid or a soluble citrate 
is added to the neutral solutions of mercury. 


CiTRATE oF SILVER is an insoluble white powder, which blackens 
when exposed to light. It detonates slightly when heated. It is the 
most uniform of the citrates, being always (C?t/+ Ag). 


Pyrocitric Acrp.—When citric acid is distilled in a retort per se, 
an acid liquid is obtained, which, when saturated by lime, affords a pre-~ 
cipitate, which may be decomposed by oxalic acid, and thus furnishes a 
peculiar product called, by Lassaigne, pyrocitric acid. (Ann. de Ch. et 
Ph., xxi. 100.) See also a paper by Baup (Ann. de Ch. et Ph., uxi. 182), 
sur un nouvel acide citrique pyrogéne, §c. It forms salts, perfectly 
distinct from the citrates; its equivalent number is 56. It consists of — 
(5car+2h+30), or, 
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Matic Acip.—The existence of a peculiar acid in the juice of apples 
was shown by Scheele, in 1785. He obtained it by adding solution of 
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acetate of lead to the expressed juice of unripe apples, by which a malate 
of lead was formed, and afterwards decomposed by sulphuric acid. 
Vauquelin obtained it by a similar process, from the juice of the house- 
leek. The same acid exists, according to Braconnot and Houton-Labil- 
lardiére, in the berries of the mountain-ash (Ann. de Ch. et Ph., viii. 
214), from which it was first obtained by Mr. Donovan in 1815, and 
ealled by him sorbic acid; the apparent differences between the malic 
and sorbic acids are referable to the impurities of the former. Mr. 
Donovan has given the following process for its preparation. (Phil. 
Trans., 1815.) Express the juice of the ripe berries, and add solution 
of acetate of lead, filter, and wash the precipitate with cold water; then. 
pour boiling water upon the filter, and allow it to pass through the preci- 
pitate into glass jars: after some hours crystals are deposited, which are 
to be boiled with 2°3 times their weight of sulphuric acid; specific gravity 
1090. The clear liquor is to be poured off, and, while still hot, a stream 
of sulphuretted hydrogen is to be passed through it, to precipitate the 
remaining lead; the liquid is then filtered, and when boiled so as to expel 
the sulphuretted hydrogen, is a solution of the pure vegetable acid. 
__ M. Braconnot procures this acid by saturating the juice of the scarcely- 
ripe berries with chalk; during evaporation malate of lime falls, which 
he decomposes by carbonate of soda; the malate of soda is decomposed 
by acetate of lead, and treated by sulphuretted hydrogen, as before 
described. (Ann. de Ch. et Ph., vi.) 

According to Liebig (Ann. de Ch. et Ph., xxiii. 259, and ii. 434), 
pure malic acid is obtained by boiling the juice with animal charcoal, 
filtering, adding a little potassa, evaporating, and adding alcohol to pre- 
cipitate bitartrate of potassa: then distil off the alcohol, and reduce the 
residue to the consistency of syrup, and again add alcohol, which throws 
down mucilage. The residue of the second distillation, diluted and 
mixed with acetate of lead, yields malate of lead, which is washed and 
decomposed by sulphuretted hydrogen: to complete the purification of the 
acid, its solution is concentrated, diluted by alcohol, and half saturated by 
ammonia: the bzmalate of ammonia is crystallized, and used as a source 
of malate of lead, to be decomposed as before. 

‘Malic acid is usually obtained in the state of a colourless liquid, very 
sour, and scarcely susceptible of regular crystallization, though when very 
carefully evaporated it concretes into mamillary masses, showing traces 
of acicular crystals. It is deliquescent, and very soluble in alcohol and 
water. Nitric acid converts it into oxalic acid. Malic and citric acids, 
when anhydrous, are, according to Liebig, isomeric; malic acid is there- 


fore represented by the equivalent 58, or (4Car+2 h+s 0). 


Matates.—The neutral salts of the malic acid are composed of 1 atom 
of actd+1 of base, and are not subject to those capricious modifications 
which characterize the citrates. The neutral malates are mostly soluble 
in water: those of ammonia, potassa, and soda, are very soluble, and 
deliquescent: the bimalates of those bases are less soluble, and are cry- 
stallizable: the neutral and bimalate of baryta are very soluble, and leave 


on evaporation gummy masses: the basic malate of baryta (mal/ +2B) 
is insoluble. The neutral malate of strontia is soluble: the bimalate, 


1194 MALATES. 


difficultly soluble. ‘The same is the case with the corresponding salts of . | 
manganese. With peroxide of iron the neutral malate is uncrystallizable, 


soluble in water and alcohol, and deliquescent: the permalate of mercury _ | 


is uncrystallizable; water resolves it into a super anda sub-salt. The PS 
best mode of distinguishing the malates is to convert them into malate of 


lead, which may be easily identified. (Dumas.) 


Mauate or Lime.—The neutral malate (mal’ +C). dissolves in 150 : 
parts of water at 60°, and in 65 parts at 212°: the hot saturated solution 


deposits small crystals on cooling: its taste resembles that of nitre, | 


According to Grotthus, it dissolves readily in solutions of other salts, 


such as those of nitrate of potassa, chloride of sodium and of calcium, and 


hydrochlorate of ammonia. The bimalate of lime (2 mal! + C) dissolves in 
50 parts of water at 60°, and yields flattened six-sided prisms, insoluble 
in alcohol: it exists in several plants, but when obtained from their juices 
it is disguised’by mucilage. 


Mazate or Macnesta (dl/+M) forms permanent crystals, soluble — 


in 28 parts of water. 
Mazate or Leap (Mal/4-Px) is scarcely soluble in cold water: its 


hot saturated solution deposits white and brilliant lamellar crystals as it | 


cools. When first thrown down as a precipitate, it appears pulverulent, 
but assumes spontaneously a crystalline aspect, especially when heated. 
It is fusible at 212°, and then becomes less easily soluble in water: to 
saturate boiling water with it, it must be added in fine powder, and in 
successive portions. It forms uncrystallizable double salts with malate 
of ammonia, and malate of zinc. ; ; 


Maate or Sitver falls on mixing nitrate of silver with bimalate of 4 
ammonia; it is brilliant white, but becomes yellow when dried: it dis- 


solves in boiling water, but by continued boiling it is reduced, and 
metallic silver separates. 
Pyromauic Actp.—According to Pelouze, malic acid enters into 


fusion at about 180°: at about 380° (176° Cent.) it is resolved into 
water, and two pyro-acids, which he terms malic and paramaleic acids. 


Maueic Act is formed when malic acid is distilled at about 400°. - 
_A liquid passes over which crystallizes, and consists entirely of maleic 


acid; its taste is acid and nauseous: it is soluble in water and alcohol. 
The solution of this acid does not precipitate lime water: in a solution of 
acetate of lead it forms white flocculi, which gradually become semi- 
transparent. The anhydrous maleic acid consists of (4car+h+30), 
its equivalent being 49.. From the experiments of Regnault, it appears 
that the maleic is identical with the equisetic acid. (Journ. de Pharm., 


xxili, 30.) 


Ma.matrs.—These salts have not been much examined; they closely 


resemble the succinates in many of their properties. | 

Paramanzic Acx is produced by the continuous action of a moderate 
heat upon the maleic acid; or by boiling it in a long tube, so that the 
evolved watér constantly falls back upon the acid. This acid crystallizes 
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in large striated prisms, soluble in 200 parts of water, and of an acid 
flavour. The atomic composition of this acid is identical with the 
maleic. ‘The properties of the paramalwic acid are the same as those of 
the acid found by Winckler in the juice of the Fumaria officinalis, and 


called by him fumaric acid. (Ann. de Ch. el Ph., uvi. 429.) The same 


acid is also contained in Iceland moss, and was described by Pfaff under 
the name of lichentc acid. (Ann. de Pharm., xvii. 148.) 


PaRAMALHATES.—The paramaleates of ammonia, potassa, and soda, 
are very soluble and crystallizable: those of lime, baryta, and strontia, are 
also so far soluble that the acid affords no precipitate in their respective 
aqueous solutions. The paramaleate of peroxide of iron is insoluble and 
brown; that of copper, insoluble and green; and of lead, white, and not 
crystalline, except when deposited from its solution in boiling water. 
The paramalezate of silver is so insoluble that 1 part of the acid in _ 


200,000 of water renders nitrate of silver turbid. 


Formic Actp.—The peculiarities of an acid obtained by the distilla- 
tion of ants, was first noticed by Fischer and Margraaf; but it was after-. 
wards regarded as identical with acetic acid, upon the authority of 
Fourcroy and Vauquelin. (Ann. de Chim., uxiv. 48.) Gehlen, however, 
(Lhomson's Annals, v. 24,) and more lately Berzelius, have shown that 
itis a distinct compound; and Débereiner has published some curious 
facts respecting its artificial production. (Ann. de Ch. et Ph., xx. 329, 
and ii. 105.) He has shown that it is the result of the peroxidizement 
of several vegetable compounds, and that nascent oxygen converts 
citric and tartaric acids, and many other organic compounds, into formic 
acid: numerous other instances of the formation of this acid might be 
adduced. 

Formic acid may be obtained from a mixture of tartaric acid, black 
oxide of manganese, and water; or more abundantly from a mixture of 2 
parts of crystailized tartaric acid, 5 of peroxide of manganese, 5 of sulphuric 
acid, and 5 of water. Soon after mixture, these ingredients, which should 
bein a sufficiently capacious retort, effervesce violently, and give off abun- 
dance of carbonic acid; if afterwards distilled, the formic acid passes over, 
andmay beconcentratedinvacuo. Or, dissolve 1 part of sugar in2 of water, 
and add 3 parts of powdered binoxide of manganese; heat the mixture to 
140°, and then gradually add 3 parts of sulphuric acid previously diluted 
with its weight of water; violent effervescence ensues from the escape of 
carbonic acid, so that the distillatory apparatus must be very capacious, and 


the acid added gradually. When the violence of the effervescence is over, 


the mixture is to be agitated and distilled nearly to dryness; water, 
formic acid, and an etherine product pass over: this product is to be 
saturated with carbonate of lime and distilled to dryness, so as to yield 
formiate of lime. A pound of sugar affords formic acid adequate to the 
Saturation of 5 or 6 ounces of carbonate of lime. To obtain the formic 
acid mix 7 parts of the formiate of lime with 10 of sulphuric acid 


diluted with 4 of water, and distil in a retort when the formic acid passes 


over. There are many other organic products which yield formic acid 


when similarly treated: among these, salicin ig especially remarkable. 


(Doperzrner, Ann, de Ch. et Ph., tii. 110.) 
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Formic acid possesses several peculiarities, which amply distinguish 


r 


j 


* 


it from acetic acid, among which the most remarkable is the action of 


sulphuric acid, which converts it into water and carbonic oxide: and if 
sulphuric acid be poured upon formiate of potassa, which is a deli- 
quescent and difficultly-crystailizable salt, of a saline bitter taste, an 
effervescence ensues, attended by the escape of carbonic oxide only. 

Pure formic acid is best obtained by saturating the acid produced as 
above, by carbonate of soda, evaporating to dryness, and distilling 7 parts 
of the dry salt with 10 of sulphuric acid, and 4 of water. It has a pun- 
gent odour, and its combined water is only separable by uniting it to 
bases. It is a sour, colourless liquid, which boils at a little above 212°, 
without decomposition: its specific gravity 1s 1:1168. (Grnten.) It 
reduces the nitrate of silver and mercury, by simple ebullition. When 
highly concentrated, it is more caustic than sulphuric acid. (Lirste, 
Journ. de Pharm., xxi. 381.) 

The ultimate composition of formic acid, in its anhydrous state, 1s 


(2 car +h+30), and its equivalent is 37; or 
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These elements are equivalent to 2 atoms of carbonic oxide and 1 
atom of water, into which formic acid is actually resolved by the action of 
sulphuric acid. 


FormiatTes.—These salts are all soluble: they are resolved by heat. 
into products which have not been particularly examined: they reduce 


the salts of silver, gold, platinum, and mercury by the aid of heat, and 
evolve carbonic oxide when acted on by sulphuric acid. ~ 

ForMIATE oF AMMONIA. ( I or/+ A.)—The ultimate components of 
the acid and base of this salt are (2Ca? + h+30)4+(n+3 h); these 
elements are equivalent to hydrocyanic acid and water, or to (2 Car+Nn 


+h)+3(h+0). Dobereiner has shown, that simple distillation at a _ 


: 


+ 
jek 


oni! 


‘ 


high temperature resolves formiate of ammonia into hydrocyanic acid and — 


“water; and Pelouze and Geiger have shown (Ann de Ch. ef Ph., x1viil. © 


585, and x1ix. 286), that, under the influence of bases or acids and 

water, hydrocyanic acid is convertible into formic acid and ammonia. 
The formiates of potassa, soda, lime, baryta, strontia, and magnesia, 

are crystallizable and soluble: that of alumina is uncrystallizable, and 


when its solution is boiled the base falls. The formiate of lead yields 


brilliant prismatic crystals, soluble in 36 parts of water at 55°, and con- 
sisting of 37 acid + 112 oxide. Formiate of copper crystallizes in 


greenish-blue hexagonal tables or prisms, efflorescent, soluble in 8°5 of 


water, and including 4 atoms of water + 1] anhydrous formiate. 


Superic Acrp.—This acid was originally obtained by the action of 
nitric acid upon cork, by Brugnatelli. (Crell’s Annals, 1787, i. 154.) It 
was afterwards examined by Bouillon-Lagrange (Ann, de Chim., xxill. 
42), and more lately by Cheyreul, Brandes, and Bussy. [ 
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Suberic acid is obtained as follows. (CHEvREUL, Ann. de Ch. et Ph, 
Lxli. 323.) Rasped cork is digested in 6 times its weight of nitric acid; 
it is slowly dissolved, and a fatty matter separates upon the surface: this 
is separated, and the solution evaporated at a gentle heat, and constantly 
_ stirred till it acquires a thick consistence; it is then diluted with 6 or 8 

parts of water, and heated so as to separate an additional quantity of fat; 
the solution is then filtered and evaporated, and during cooling, oxalic 
acid and suberic acid are deposited; the latter in the form of a white 
powder: it may be purified by dissolving it in ammonia, precipitating the 
filtered solution by an acid, and washing the precipitate with cold water: 
it is sometimes purified by sublimation. 

Suberic acid falls from its solution in hot water, in the form of a white 
powder, slightly acid, fusible at 300°, and subliming in acicular crystals: 
it dissolves in between 5 and 6 parts of anhydrous alcohol. The com- 
position and equivalent of this acid, as given upon different authorities, are 
various: according to Bussy (Jour. de Pharm., viii. 110, and xix. 425), 
anhydrous suberic acid is a compound of (8 Car +6 h+30), and its equi- 
yalent is 78. 
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SuBERATES.—These salts have been examined by Brandes. (Schweig- 
ger’s Jahrbuch, I1., IIL, and VI.) The suberates of potassa and of soda 
are soluble, deliquescent, and fusible without decomposition: those of 
ammonia, lime, baryta, strontia, magnesia, manganese, and alumina, are 
more or less soluble: the suberate of protoxide of iron is precipitated 
white; that of peroxide, brown: the suberates of zinc, tin, mercury, and 
silver, are also in the form of white precipitates: the suberates of cobalt, 
copper, and uranium, are red, blue-green, and yellow, and are inso- 
luble. The suberate of lead and of silver are anhydrous, and consist 
of 78 acid + 112 oxide — (sub/ + Px), and 78 acid + 116 oxide = 
(sub + Aa). 


Botetic Acty.—This acid was obtained by Braconnot from the Boletus 
pseudo-igniarius (Ann. de Ch., uxxx.), by cautiously evaporating its 
expressed juice to the thickness of syrup, digesting it in alcohol, dissolving 
the residue in water, and adding nitrate of lead to the aqueous solution; 
the precipitate, washed and diffused through water, was decomposed by 
sulphuretted hydrogen; the liquor was then filtered and evaporated till it 
formed crystals, which were purified by solution in alcohol and evapora- 
tion. These crystals are boletic acid ; they are prismatic, and require 180 
parts of water at 68°, and 45 of alcohol, for their solution, which reddens 
blues, and precipitates nitrate of lead, and the salts containing the per- - 
‘ oxide, but not those of the protoxide of iron. This acid sublimes, with 
little alteration, when heated. Braconnot has examined the boletates of 
ammonia, potassa, lime, and baryta, but his researches have not as yet 
been confirmed by any other chemist. 
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Funerc Acip was procured also by Braconnot from the Boletus 
juglandis, and some other fungi; it is deliquescent and uncrystallizable, ; 
(Ann. de Ch., uxxxvii.) ‘g 


LicnEentc Acip apparently much resembles the boletic: it was obtained © 
by Pfaff, by digesting lichen in a weak solution of carbonate of potassa, — 
saturating this infusion with acetic acid, adding acetate of lead, filtering ~ 
off the precipitate, and leaving the filtered liquor to itself: it alow? de- 
posits crystals of lichenate of lead, from which lichenic acid was obtained 
by the action of sulphuretted hydrogen, This acid is soluble in water 
and alcohol, and forms acicular crystals, which are volatile when heated, 
without either fusion or decomposition. The lichenates of ammonia, : 
potassa, and soda, are soluble and crystallizable; that of lime difficultly 
soluble; and those of baryta, strontia, zinc, manganese, and peroxide of 
iron, insoluble or nearly so, According to Schédler the lichenic acid is 
the same as the paramaleic. (Ann. der Pharm., xvii. 148.) 


Kquisetic Acip.—A peculiar acid combined with magnesia, was dis- 
covered by Braconnot in the Equisetum fluviatile. (Ann. de Ch. et Ph., 
xxxix. 10.) According to Regnault it is identical with the maleic acid. 
(Ann. de Ch. et Ph., uxii. 208.) 


Moroxyiic Acrp, discovered by Klaproth in the bark of the Morus 
alba, or white mulberry. (Nicholson's Journal, vii.) An exudation was 
observed upon this bark, which proved to be a compound of a peculiar 
acid and lime, or a moroxylate of lime; its solution was decomposed by 
acetate of lead, and the moroxylate of lead thus obtained, decomposed by 
dilute sulphuric acid, furnished a solution of moroxylic acid, which gave 
acicular crystals on evaporation. This acid has the taste of succinic 
acid; itis soluble in water and alcohol, and does not, like some of its 
salts, form precipitates in metallic solutions. The quantity of this acid 
examined by Klaproth was so small, as to leave some doubt respecting 
its distinct nature. 


Verpic Acip.—This acid was extracted by Runge from several of the 
Umbell iferce and Plantaginew, &c., but chiefly from the root of the Scabi- 
osa succisa, which, when dried, powdered, and digested in alcohol, yields 
a tincture Front which ether tows down white aie these are discolead i 
in water, acetate of lead is added, and the precipitate decomposed by sul- 
phuretted hydrogen. On evaporation a yellow acid product is obtained: 
in this state Berzelius proposes to call it verdous acid. When saturated 
by an alkali, and exposed to air, it absorbs oxygen and becomes green. 
(Dumas, v. 416.) The further examination of these compounds may, 
perhaps, throw some light upon the nature of the green colouring-matter 
of leaves and plants. 


Brcotoric Activ. (Trommsporr, Ann. der Pharm., xiv.; THomson’s 
Organic Chemistry, 96. VPets peculiar substance, obtained from the wood 
of the Guilandina moringa, or Lignum nephriticum, and extracted by z 
Minor from the bark of the horse chestnut. 


Potyeattc Acip.—From the root of Polygala senega. (QUEVENNE, 
Journ. de Pharm., xxii. 449.) 


Lae : f 
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Carretc Acip. (Prarr, Pogg., xxiv. 376; and Tuomson’s Organic 
Chemistry, 98.)—This acid was formerly described by Chenevix as the 
bitter principle of coffee. (Phil. Mag., xii. 350.) 


Crenic Acip. Apocrentc Acip. Pureanic Acrp.—Acids found by 
Berzelius and by Haenlé in the ochrey deposits of certain spring-waters. 
(Pogg., xxix.; and Journ. de Pharm., xxi.) 


Canincic ActD.—Under this name Pelletier and Caventou have 
described an acid procured from the cortical part of the cahinca root: the 
plant belongs to the Rubiacez, and grows in Brazil, being used for the 
cure of intermittents, dropsy, and other diseases. The acid is obtained 
by dropping hydrochloric acid into a decoction of the root; it is gradually 
deposited in small crystals. It is more perfectly procured by evaporating 
a strong alcoholic tincture of the cahinca root to dryness, dissolving the 
residue in water, precipitating by lime, and decomposing the calcareous 
‘salt which falls by oxalic acid: the cahincic acid must then be purified 
by recrystallization. 

Cahincic acid requires 600 parts of water for its solution; it is very 
_ soluble in alcohol, and the solution, if saturated when hot, deposits the 
acid in tufts of crystals as it cools. Ether dissolves it as sparingly as 
water: it is intensely bitter. When heated, it softens, chars, and yields 
a white crystalline sublimate, which is not bitter, and contains ammonia. 

-Cahincic acid is charred by sulphuric acid: with hydrochloric acid it 
forms a gelatinous compound, from which water throws down white - 
flakes, which are not bitter: nitric and acetic acid produce very similar 
effects. With ammonia, potassa, lime, and baryta, it forms soluble 
neutral salts, which are not crystallizable, and from which the acids 
throw down cahincic acid. From Liebig's analysis (Ann. de Ch. et Ph., 
xLvii. 186), this acid appears to consist of 
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But its equivalent has not been determined by experiment. 


[The organic acids not hitherto mentioned, are non under other 
heads. | 


§ XVII. VEGETABLE ALKALOIDS, anp Sunsrances assoctaTED 


WITH OR ALLIED TO THEM. 


Tue discovery of these substances is one of the most curious and 
important of modern chemistry. The first of them was detected in 
opium, in 1816, by Sertuerner of Kinbeck, near Hanover. Several others 
were afterwards pointed out by Pelletier and Caventou, and among them — 
cinchonia and quinia (in different species of cinchona), which have proved 
of so much use in medicine; more lately, several others have been added 
to the list. These salifiable bases appear all to contain nilrogen as one 
of their ultimate elements; they have a bitter taste, are for the most part 
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very sparingly soluble in water, more soluble in alcohol, and readily solu-— 
ble in most of the dilute acids: with infusion of galls, and with excess of — 
iodic acid, they furnish difficultly soluble precipitates; their compounds, © 
with the acids, are decomposed and precipitated by the alkalis. They 


are mostly crystallizable, and are represented by very high equivalent 
numbers. They restore the blue colour to reddened litmus. They are 
found in plants united to certain acids, and usually forming neutral or 
acid salts, which, aswell as their artificial combinations, are decomposed 
in the voltaic circle, and the base is evolved at the negative pole. Many 
hypotheses have been built upon the ultimate composition of these alka- 


loids, and some curious analogies pointed out respecting them by Liebig, 


Dumas, and others. <A laborious analytical essay, having reference to 
the greater number of them, has been published in the Ann. de Ch. et Ph. 
(xxviii. 113) by Regnault; but till organic analysis has made further 
progress, and has become more jadependent of hypothetical views, each 
experimentalist will necessarily differ somewhat from his predecessors. 

- In consequence of the analogy that pervades these principles, one 
general method of separating them is applicable to all, though each may 
require peculiar modifications of it. The substance which contains them 
is boiled in water acidulated by hydrochloric acid, the decoction is filtered 
and neutralized by ammonia, lime, or magnesia, the alkaloid is precipi- 
tated, and is then separated and purified. 


I. MorpHia: AND THE COMPONENT PARTS OF OprumM.—The chemical 
examination of opiwm has been remarkably productive in interesting 
results. It has led to the discovery of several alkaloids, and of a peculiar 
acid with which they are combined; the substances which we shall have 
to describe under this head being the following: viz., morphia, narcotina, 
codeia, narceia, meconia, thebaia, and meconic acid. 

Opium is the inspissated milky juice which flows from incisions made 
in the unripe seed-capsule of the poppy; it is only effectively obtained in 
warm climates, and is imported into this country chiefly from Turkey 
and India: it contains the above-mentioned substances, upon which its 


extraordinary medicinal powers depend, together with several others of | 


little importance, such as gum, resin, extractive, ligneous matter, oil, and 
caoutchouc. Mulder analyzed five specimens of Smyrna opium with the 
following results. (THomson’s Organic Chemistry, 586.) 


. 1 2 3 4 5 | Average. 
Nareotina. . . 6808 8°150 9360 7°702 6°546 7713 
Morphia Je pete Ose 4°106 9°852 2°842 3°800 6°228 
Codeia-\'s «+ s¢-> 0°678 0°834 0°848 0°858 0°620 0°767 
Narceia f2:6.4i.0 "3 6°662 7506 7684 9:908 13:240 9-000 
Meconia ... 0°804 0°846 0°314 1°380 0°608 0°790 
Meconic acid . . 5°124 3°968 7°620 | 7:252 6644 | 6121 
TEAL oils wees ens 2°166 1°350 1°816 4'204 1°508 2°209 
Caoutchouc. . .| 6:012 5026 3°674 | 3°754 3'206 4°338 
Resin Pane 3°582 2°028 4°112 2°208 1°834 2°753 © 
Gummy extr, acy . | 25:200 31°470 21°834 | 22°606 25°740 25°370— 
Gum Fae Ak hee 1:042 2°896 0°698 2°998 0°896 1:706. 
Mucus... .| 19°086 17°098 21-064 | 18°496 18°022 18°733.° 
Mth 37 3<, 2 RPE: 9°846 12°226 11°422 | 13°044 14:002 12°108 


| 97852 97°504 100°858 | 97:252 | 96°666 | 97°836 © 


: 
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- 1. Morpuia.—The-first step in the process for extracting morphia and 
_ the other alkaloids, consists in cutting the opium into small pieces, and 
digesting it in distilled water at the temperature of about 100°, till its 
soluble parts are completely extracted: it affords a clear brown infusion, 
smelling strongly of opium, and acid to tests. There are several modes 
of separating the morphia from it, but among them the two following are 
generally employed :— 

a. The infusion of opium is concentrated by evaporation, and ammo- 
nia is dropped into it till that alkali is in slight excess; the precipitate 
which falls, and which is chiefly morphia and narcotina, is digested in 
proof spirit, at a temperature of about 130°, which dissolves the greater 
part of the colouring matter and narcotina: the morphia which remains 
is dissolved in boiling absolute alcohol, and separates in crystals on 
cooling and evaporation. 

6. A better process for the extraction of these substances is that of 
Drs. Gregory and Robertson. The solution of opium is, if necessary, 
somewhat concentrated by evaporation, and a solution of pure chloride 
of calcium is added in sufficient quantity to precipitate all the sulphu-. 
“ric and meconic acids by which the alkaloids are held in solution: it is 
then filtered, evaporated to the consistency of syrup, and set aside to 
erystallize; the crystals are strongly pressed to squeeze out the mother- 
liquor, which contains resin, extract, narcotine, and other matters; the 
pressed crystals are then purified by treatment with animal charcoal 
and repeated crystallization, till they are obtained colourless: they 
consist of hydrochlorates of morphia and codeia: they are then dissolyed 
in hot water, and ammonia is added, by which morphia is thrown 
down, and which, being separated by filtration, and dissolved in boiling - 
alcohol, is obtained in pure crystals. The liquor from which the morphia 
has been precipitated, contains codeia in combination with sal-ammoniac, 
and some morphia: it is to be evaporated till it crystallizes, and the 
crystallized mass dissolved in a small quantity of water and decomposed 
by excess of caustic potassa; codeia is thrown down, and when dissolved ’ 
in ether, may be procured crystallized by its evaporation. 

The preceding, with some slight modifications and. technical manipu- 
lation, is the best of the numerous processes which have been suggested 
for the preparation of morphia; of these, the reader will find an abstract 
in Dumas. (Chim. app. aux Arts, v. 770.) | 

Morphia, when obtained from its alcoholic solution, is in small bril- 
liant and colourless crystals: they are generally six-sided prisms, with 
diédral terminations, but their primary form is a right rhombic prism. 
According to Liebig these crystals are a hydrate of morphia. (Ann. de 
Ch. et Ph., xtyii. 198.) When gently heated they become Opaque and 
lose water: at a higher temperature morphia fuses into a yellow liquid, 
which becomes white and crystalline on concreting. In the air it burns 
with a bright resinous flame. Morphia, though apparently insoluble in 
cold water, has a very bitter taste: boiling water dissolves not more than 
a hundredth of its weight, but the solution ig alkaline to delicate tests. 
It dissolves in 40 parts of cold, and 30 of boiling anhydrous alcohol. It 
is almost insoluble in ether; hence the method of separating it from nar- 
cotine, which is readily soluble in that menstruum. Morphia, according 
7 4K 
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to Wittstock, as quoted by Berzelius, is soluble in potassa and soda; hence a 
the necessity of avoiding the use of those alkalis in its precipitation. 
Ammonia dissolves it sparingly, so that even that alkali ought not to be 
used in excess. a 
The quantity of morphia obtained from opium is variable; the pro- 
duce is greatest from Turkey opium, and least from the East Indian and 
Egyptian. The average is generally estimated at about 1 oz. from the — 
pound. , 
Much has been said respecting the methods of detecting morphia by 
tests: those which are commonly resorted to are nitric acid, which, when — 
dropped upon crystallized morphia, forms a bright-red solution ; and neu- 
tral perchloride of iron, which produces a very characteristic blue colour 
(or blue-green), when added to morphia, or to its salts, provided the 
solutions are not very dilute. Iodic acid is, according to Serullas, the 
best test of the presence of morphia; it produces a reddish-brown colour, F 
and the odour of iodine is immediately perceptible. The minutest quan= — 
tity of morphia has the property of decomposing iodic acid, but in cases ; 
where very small quantities are present it is recommended that a solution 
of starch should be employed to detect the free iodine; in these cases, 4 
however, I have always found the action of starch very equivocal. © 
Morphia, in its anhydrous state, is, according to Liebig, a compound 
yi (ucar+ih+60 +7), its equivalent being 284: or, in detail, as 
ollows:— ) | 


Liebig. Brande. Bussy. 

Carbotl i.e «0a 24) B4. 7a) py BOA 8 4 F180 ai we 2720S eee 
Fydrogen’; a... 918, Cy 1Bia 0) 68400 eb ee 

Te ORyRCH Ye gb oe) BGs a0 en ACU i. 170), 208 
Nitrogen . . elke TGS ae AER, GORE ran eee 


——— 


° e 1 
_ Anhydrous morphia = 1 284 10000 100°0 100°0 


Crystallized morphia includes, according to Liebig, 2 atoms of water, 
and is consequently represented by the equivalent 302, or (284+ 18). 
Other authorities transfer 1 atom of the water to the elementary compo- 
sition of the morphia, and represent crystallized morphia as containing 1 
atom of water only. 


_ Sarrs or Morrnta.—These salts are generally obtained by dissolving — 
ptre morphia in the dilute acids: they are colourless, and nearly all — 
crystallizable, bitter, and are stated to give a precipitate of morphia with 
the alkaline carbonates, and with ammonia, but this is a doubtful charac- 
ter. Tannin, and infusion of galls, give precipitates with them, which 
are redissolved by acetic acid. 


-Surpnate or Morruta (Mor+$/) crystallizes in groups of acicular 
crystals, soluble in about twice their weight of water. ‘This salt consists 
of ve 

Liebig. 
Morphia > eye 6 atscee5's fh acces ai 2846 a) a Fh os Ge 


1 
Sulphurié. acid j§.620y00.3 oe hte. 4 40 ie. 106 2 2 ee 
Water . ; 6 «ow 640) «t 14S, Soe 


em me lee 


Crystallized sulphate of morphia 1 378 100°0 10000 


Dried at 250° this salt loses 4 atoms of water, but retains the 2 bin 
maining atoms, (the quantity requisite to constitute crystallized morphia,) 
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till heated up to its decomposing point, so that that portion of water 
seems essential to the constitution of the sulphate. 


BisutpHate or Morputa (Mor+25/) is obtained by dissolving the 
sulphate in excess of acid, and digesting in ether, which removes the 
excess of acid, but does not dissolve the bisulphate. 


Hyprocutorate or Morpura. (Mor-+Ac/.)—This salt is formed in 
Gregory and Robertson’s process above detailed: it may be produced 
directly by the action of hydrochloric gas upon morphia; it forms acicular 

and plumose crystals, soluble in about 20 parts of water, and when the 
hot solution cools, it concretes into a crystalline mass: this is the case 
when the salt is prepared by dissolving morphia in hot liquid hydrochloric 
acid. HHydrochlorate of morphia is an anhydrous salt, composed of 


Liebig. 

DIOP Masel cleo see les Lies hin GOMd.. wile) GOAT nee en 

paayorechione seid... eC Se BF Vw “1168 oP eas 
1 


—_—_— 


Hydrochlorate of morphia 321 100-00 100°0 


Nirrate or Morenita (Mor-+2’) is formed by dissolving morphia 
in very dilute nitric acid. It yields stellated groups of crystals, soluble in 
1°5 of water. 


PuospHate or Morputs (Mor+p/) crystallizes in cubes. 


Acetate or MorpntA (Mor-+ QC/) is frequently formed for medical 
use by dissolving a given weight of morphia in a sufficient quantity of 
distilled vinegar. It crystallizes difficultly in acicular bundles. During 
evaporation it easily parts with a portion of its acid, and is apt to be of 
uncertain composition ; hence it is less appropriate for medical use than 
the hydrochlorate or sulphate. 


2. CopriA.—This alkaloid was discovered by Robiquet, in 1832, in 
the hydrochlorate of morphia prepared by Gregory and Robertson’s pro- 
eess. (Ann. de Ch. et Ph., ti. 259.) On dissolving the mixed hydro- 
chlorates in water, and precipitating the morphia by ammonia, the codeia 
remains, as already remarked, in solution, and crystallizes by subsequent 
evaporation: it may be separated, as above stated, by ether. According 
to Pelletier, 100 pounds of opium yield 6 ounces of codeia; according to 
Christison, the proportion of codeia varies in the varieties of opium, 
amounting in Turkey opium to one-thirtieth, and in East Indian opium 
to one-twelfth of the hydrochlorate of morphta obtained from those 
respective varieties. 

Codeia crystallizes in acicular, or flat prisms, colourless, and transpas 


rent, It fuses without decomposition when heated in a ‘tube to about 


300°, and the mass crystallizes on cooling. In the air, it burns away 
with a smoky flame. Water, at 60°, dissolves 1:26 per cent.: at 110°, 
'3°7, and at 212°, 5-9 per cent. When it is present in larger proportions 
than the water can dissolve, the excess fuses, and remains at the bottom 
of the solution. Its solution is sensibly alkaline to tests Codeia is 
‘soluble in the dilute acids, and forms distinct and easily crystallizable salts. 
Its medicinal action has not been accurately determined. It-is distin- 
_ guished from morphia by its greater Sop in water, by its insolubility 
4K 2 
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in fixed alkalis, by its not being reddened by nitric 
perchloride of iron. | ae 
Codeia is represented by (31 CA7 + 20 h+50+7), its equivalent being 
260; or 3 Robiquet. 
Carbon’ To... ots (AL ge ee LOD ie ee gue are oO 


Hydrogen = «. “3205. 2.5 “200 0. 7s FS TS 4 
Oxyeen ssc, 8. 52d RO. ve SAO ILA ee 


sf 
Nitrogen 1 ih 54 54 a 
ee eee ee nae ea FP abies : 
Anhydrous codeia 1 260 100°0 100°0 0 


Crystallized codeia includes 2 atoms of water, its symbol therefore is 
(Cop +2 Q) and its equivalent 278 (260+18). The only salt of codeia ~ 
which has been analyzed, is the hydrochlorate; it is anhydrous, and con- 
sists of 260 codeia +37 hydrochloric acid, its equivalent being 227, and 
its abbreviated symbol (Cop + he'). 


3. Narcera.—This alkaloid, discovered by Pelletier in 1832, was 
obtained as follows. (Ann. de Ch. et Ph., L. 262.) An infusion of Turkey 
opium was filtered and very carefully evaporated till it left a solid extract, 
which, redissolved in distilled water, left a large portion of crystallized 
narcotina; this being separated, the liquid was heated to 212°, and a 
slight excess of ammonia added to throw down morphia, after which the 
ebullition was continued for 10 minutes to drive off ammonia: on cooling 
the morphia crystallized, not pure, but mixed with narcotina and meconia. 
After having thus separated the greater part of the morphia by ammonia, 
the residuary liquor was reduced to half its original bulk by evaporation, 
and on cooling, morphia was again deposited, which being removed 
baryta water was added to the liquor, by which meconate of baryta was 

. thrown down and separated by filtration. Subcarbonate of ammonia was 
then added to the filtered liquor to separate the remaining baryta, and 
heat applied to drive off the excess of the subcarbonate of ammonia. The 

_ liquor was then filtered, evaporated to the consistence of thick syrup, and 

left for several days in a cool place, when it formed a pulpy mass includ- 
ing crystals: this was suffered to drain, dried by strong pressure in linen, © 
and digested in boiling alcohol; the alcoholic solution, reduced to a small 
bulk by distillation, furnished on cooling a crystalline substance: this, 
purified by repeated solutions and crystallization, is narceia. 

Pure narceia forms white silky crystals, or acicular prisms, inodorous, 
bitterish and slightly pungent, soluble in 375 parts of cold and in 230 of 
boiling water; soluble in alcohol but not in ether; fusible at about 198°, 
and concreting into a white translucent and somewhat crystalline mass; 
it becomes yellow at 220°, and at higher temperatures is decomposed: it 
is more fusible than morphia or narcotina. It is decomposed by the 
stronger acids, but when diluted they dissolve and combine with it, pro- 
ducing at first a blue colour, which passes into purple or red, and then. 


disappears. Narceia appears to consist of 

Pelletier. 
Barter ar1go.7 0" Agro) 7 eeen dors 
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Anhydrous narceia ‘ 1 | 354 100°0 100°00 
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_ 4, Mrconra.~—This substance was discovered: by Dublanc and Couerbe. 

(Ann. de Ch. et Ph.,u.) They obtained’ it by digesting opium in cold 
water, filtering the infusion, concentrating it by evaporation, and adding 
_ ammonia as long as it occasions a precipitate? after some days the super- 
_ natant liquid is poured off, gently evaporated to the consistence of syrup, 
__ and left in a cool place for 15 or 20 days, when it deposits granular cry- 
stals, which are collected, drained, pressed, and dried by a gentle heat: 
they contain meconia, narceia, and other substances: they are boiled in 
alcohol, and the solution is evaporated to about one-third its bulk, when 
on cooling it deposits crystals, which are collected, dissolved in boiling 
water, and filtered with animal charcoal: white crystals are obtained of 
meconia and narccia; ether dissolves the former and leaves the latter 3 on 
evaporating the ethereal solution the meconia remains. (This is only an 
outline of the essential parts of the process: the details of manipulation 

are omitted, but they will suggest themselves to the practical operator. 
_ The quantity of meconia in opium is so small, that from 15 to 20 lbs. 
must be operated upon satisfactorily to extract it.) 

Meconia is white, inodorous, slightly acrid on the tongue, soluble in 
water, alcohol, and ether, and crystallizable; it fuses at 195°, and at about 
350° it distils over unaltered, and concretes into a white mass looking 
like fat. It forms a colourless solution in sulphuric acid diluted with 
half its weight of water, but on applying heat to this solution it becomes 
green and is decomposed. Nitric acid dissolves it, and converts it into a 
peculiar crystallizable product. It is decomposed by chlorine. 

The nature of this substance has been hitherto very imperfectly ascer- 
tained: according to Couerbe it contains no nitrogen, but consists of 
(9car+4h+440)=82: or per cent. 60°23 carbon, 4°74 hydrogen, 35:03 
oxygen. : 

5. Turspata. Paramorpuia.—This crystalline substance, discovered 
also by Couerbe, requires, like the former, further examination; it exists 
in opium in very small proportion, and can only be obtained, therefore, by 
those who have an opportunity of operating upon large quantities. The- 
baia is represented as eminently alkaline, and as forming distinct salts by 
solution in the dilute acids. It is converted into a resinous product by 
the stronger acids, and is soluble in alcohol and ether. The formula of 
thebaia, according to Couerbe, is (25 Car +uh+4 0+), its equivalent 
being 210. Its crystals lose 2 atoms of water by fusion. | 


6. PsruDoMorPHIA is a substance described by Pelletier as occasion- 
ally existing in opium; it resembles morphia in many of its properties, 
but is not poisonous; its formula is said to be (27 Ca +18 h+s0+n), 
its equivalent being 218. 


7. Narcotina. — This well-defined and distinct principle was dis- 
covered in 1804 by Derosne. (Ann. de Chim., xuv. 257.) Its peculiarities 
were first pointed out by Robiquet in 1817. (Ann. de Ch. et Ph., v. and 
Li. 275.) Its alkaline characters are not very distinct, but the compounds | 
which it forms with the acids, and its ultimate composition, place it - 
among the alkaloids. It is contained in some kinds of opium, especially 
in that recently imported under the name of Egyptian opium, in a pro- 
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portion nearly, if not quite, equal to that of the morphia, The effects of 
this substance upon the animal economy have not been very satisfactorily — 
ascertained, but there can be little doubt that they are perfectly distinct — 
from those of morphia; opium, deprived of narcotina, is supposed to be 
more directly sedative, and less stimulating; hence the uses of the salts 
of morphia in preference to opium, and the advantage of using opium, in — 
many instances at least, from which the narcotina has been abstracted. 
- Narcotina may be obtained from powdered opium by digesting it in — 
warm ether, which takes up little else than narcotina, and yields it in — 
crystals. When caustic potassa is added to an aqueous solution of opium, 
so as just to saturate the free acid, the matter which falls consists chiefly 
‘of resin and narcotina. When all the soluble parts of opium have been 
extracted by water, the residue, digested in dilute hydrochloric acid, also 
yields narcotina. Other means of obtaining narcotina and of separating 
it from morphia, will be evident, from the account of that alkaloid. Dr. 
Robertson’s method consists in boiling the impure morphia in water, and 
adding sal-ammoniac, as long as ammonia is evolved in consequence of 
the decomposition of that salt by the morphia, at a boiling heat; the 
hydrochlorate of morphia so formed is dissolved, and the narcotina 
Temains. , 

Narcotina is deposited from its alcoholic or ethereal solution in well- 
defined crystals, insoluble in cold and very sparingly soluble in hot water; 
soluble in the fat oils; not bitter; and yielding no blue eolour with per- 
chloride of iron: it is readily soluble in dilute acids, and yields salts” 
which have been but imperfectly examined: they are very bitter, and 
difficultly obtained in the crystalline state, for when evaporated they 
are mostly decomposed into acid and narcotina, and crystals of the latter 
only separate. This is especially the case with the acetate of narcotina, 
and furnishes a means of separating it from morphia, for the latter sub- 
stance is retained in permanent combination and solution. Narcotina 
absorbs hydrochloric acid gas, and is extremely soluble in hydrochloric 
acid, yielding a salt which is best obtained by carefully evaporating the 
hydrochloric solution of narcotina to dryness and redissolving in alcohol, 
from which solution the crystallized hydrochlorate of narcotina may be 
obtained: it consists, according to Robiquet of 91+] narcotina +8'9 hydro- 
chloric acid. According to Liebig, the formula of narcotina is (49CA/+ - 
200A +120 +2) =370, or j 

} Liebig. 
Carbon :97% 40 Wy 5) 240 (6 ero e527 
Hydrogen 20 . . 20... G4 . 2. 532 
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Nitrogen Doe ie ple See ee, gal esc 
Narcotina 1 370 100°0 100°00 


The following Table, drawn up by Mr. Pereira, gives the principal — 
characters of the crystalline principles of opium (Elements of Materia 
Medica, 1284); but it is not stated from what authorities the formule 
and equivalents are derived. 
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8. Meconic Acip.—The existence of a distinct acid in opium was — 
announced by Seguin in 1804 (Ann. de Ch., xcii. 225), and shortly after- . 
wards by Sertuerner, who gave,it the above name (from pnKxwy, poppy). 
(Ann. de Ch. et Ph., v. 21.) It may be most conveniently extracted 
from the precipitate obtained by adding chloride of calcium to infusion of 
‘opium, in the process for procuring morphia (p. 1201). This precipitate is 
washed first with water, and then with hot alcohol, and mixed with 10 
times its weight of water, at 195°, and hydrochloric acid is gradually © 
added, so as to dissolve the meconate of lime (which forms the bulk of the _ 
precipitate) and leave the sulphate of lime; the solution is filtered, and on 
cooling deposits crystals of bzmeconate of lime: these are again dissolved 
in hot dilute hydrochloric acid, by which the lime is abstracted, and 
crystals of meconic acid obtained, which, if pure, should leave no residue 

when burned: they must be redissolved in the acid, and recrystallized, 
_ till they are obtained in this state, but care must be taken to keep the — 
temperature of their solutions below 212°. To abstract the whole of the © 
colouring matter from this acid, it must be saturated by a weak solution ~ 
of caustic potassa, and the meconate of potassa dissolved by the aid of 
gentle heat in a little water: when cold, the fluid part, which retains the 
colour, must be pressed out of the crystals, and these, decomposed as 
before by hydrochloric acid, ultimately yield the meconic acid in small 
white crystals, which must be dried at a temperature below 100°. 

Meconic acid crystallizes in transparent and micaceous scales of an 
acid taste, soluble in 4 parts of hot water, and in alcohol. The crystals — 
are permanent in the air, but when heated to 212° they lose 21° per cent. 
of water: they then sustain a temperature of 240° without decomposition; 
but if boiled in water, carbonic acid is evolved, the solution becomes 
brown, and melameconic acid is formed. 

_ Meconie acid consists, according to Liebig (Ann. de Ch., iy. 26), of 
(7 car +2 h+z 0), its equivalent being = 100, or 


zn 
' 


: Liebig. 
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Meconates.—The meconic acid forms neutral, acid, and sub-salts: the- 
bimeconates are difficult of decomposition. One of the leading charac- 
ters of this acid and of its salts, is that of forming compounds with 
the peroxide of iron of an intensely red colour, very similar to that of the — 
sulphocyanate of iron; so that the persalts of iron are excellent tests of 
its presence, and by them opium may sometimes be recognised, where the 
quantity is so small as to render the morphia very difficult of detection. 
This red colour is destroyed by heat, and by sulphurous acid and proto- - 
chloride of tin; but it returns on exposure to air, or on the addition of a 
few drops of nitric acid. A few drops of Jaudanum or other compound | 
of meconic acid in 6 or 8 ounces of distilled water, to which 2 or 3 drops 
of solution of potassa have been added, is blackened on the addition of a 
few drops of solution of gold in nitrohydrochloric acid; the effect takes 
place in a few minutes, when the solutions are even more dilute. Mr. J. 


=, 
; 
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_ T. Cooper uses this test as distinctive between the meconic acid and the 
sulphocyanic and indigotic acids, all of which redden the persalts of iron, 
but the former only blackens the potassachloride of gold. 

The meconates of ammonia and of potassa become less soluble by 
excess of acid; the meconates of lime, baryta, strontia, and lead, are 
rendered more soluble by excess of acid; when neutral, they are insoluble, 
or nearly so, in water; but soluble in nitric acid. The meconate of lead 
may be decomposed by sulphuretted hydrogen. The meconate of silver 
(Ac+ mec’) is thrown down in the form of a white powder, when 
nitrate of silver is dropped into a solution of meconic acid: if the pre- 
cipitate be redissolved by the addition of nitric acid, and the mixture 
heated, cyanuret of silver is produced: the liquid originally transparent, 
becomes opaque from the formation of the cyanuret, and when this is 
deposited, oxalate of silver is found in the supernatant liquid, which may 
be thrown down by the cautious addition of ammonia; excess of nitric 


acid converts the whole into oxalate, without any formation of cyanuret. 
(Lizstic.) 


8. Mrtramrconic Acip.— When an aqueous solution of meconic acid 
is boiled, it is converted into metameconic acid and carbonic acid: the 
acid at the same time becomes discoloured; so that pure and colourless 
metameconic acid is best obtained by decomposing meconate of potassa or 
of lime, at a boiling heat, by hydrochloric acid; it is then less coloured, 
and may be obtained colourless by the help of animal charcoal. 

Metameconic acid is less soluble than the meconic; it forms hard 
crystalline grains, requiring 16 parts of hot water for solution. It reddens 
the persalts of iron; and is converted into oxalic acid by nitric acid. 
The neutral metameconates of ammonia and potassa are difficultly soluble 
in water: excess of acid renders them more soluble. 

Metameconic acid is anhydrous, and consists, according to Liebig, of 
(2car+sh+. 0), its equivalent being 156, or 

Liebig. 
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Anhydrous metameconic acid 1 156 100-0 100°60 


Hence 2 atoms of meconic acid =2(7 car +2h+70), yield 1 atom of 
metameconic acid = (12CG/ +4 h+1 0), and 2 atoms of carbonic acid 
=2(Cdr+20), and this represents the change which the meconic acid 
suffers when boiled with water. 


9. Pyromrcontc Actp.—This acid is among the products of the 

_ destructive distillation of the meconic acid; it is a crystalline sublimate, 
which fuses at a temperature of about 250°. It is volatile, soluble in 
water and alcohol, reddens the persalts of iron, and forms many soluble 
salts. This acid, when anhydrous, appears to be constituted of (10 Car 
+3h+450)=103. The neutral pyromeconate of lead consists of 
es Liebig. 
103). aOR es esas 
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- Anhydrous pyromeconate of lead 
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Dumas observes, that the hydrated pyromeconic acid, consisting of 1 
atom of the anhydrous acid and 1 of water, is isomeric with the anhydrous : 
pyrocitric, and with the hydrated pyromucic acid. 


II. Crncnonta. Quinta. Arrcina. Crycnontc Acip.—The exist- 
ence of a peculiar principle in pale Peruvian bark, (the bark of the - 
Cinchona Condaminea or lancifolia,) was originally suggested by the late 
Dr. Duncan; he considered it as the source of its medicinal powers, and — 
proposed to call it Canchonine; it was afterwards procured in a crystal-— 
line form by Dr. Gomés of Lisbon; but its peculiar alkaloid properties, — 
and ready and certain methods of preparing it, were first made known by 
Pelletier and Cayentou, in 1820. (Ann de Ch. et Ph., xv. 291 and 337.) 
They also discovered another analogous but distinct principle in Yellow 
Peruvian Bark (Cinchona cordifolia), which has been termed Quinia; 
and in the Red Peruvian Bark (Cinchona oblongifolia), they found the 
two preceding alkaloids, nearly in equal proportions. In 1829, Pelletier 
and Coriol discovered a third alkaloid in a species of bark from Arica, 
the botanical history of which is not known, but which they have termed — 
Aricina™. 

1. Crncronta.—This alkaloid may be obtained from pale Peruvian 
bark+ by the following process. A pound of the bruised bark (Cinchona 
lancifolia of the Pharmacopeeia) is boiled in about a gallon of water, 
acidulated by 3 fluid drachms of sulphuric acid. A similar decoction 
is repeated with about half the quantity of liquid, and so on, till all the 
soluble matter is extracted. The decoctions are then mixed and strained, 
and powdered lime added, in a proportion somewhat greater than neces- 
sary to saturate the acid: the precipitate that ensues (a mixture chiefly 
_ of cinchonia and sulphate of lime) is collected, carefully dried, and boiled 
for some minutes in strong alcohol, which is then decanted off, while 
hot and fresh portions are successively added for the repetition of the 
same operation, until it ceases to act upon the residue, which is now little 
else than sulphate of lime. The different alcoholic solutions are then put 
into a retort or still, and considerably evaporated; during which, and 
especially on cooling, cinchonia is deposited. When the whole is thus 
collected, the cinchonia must be redissolved in alcohol, and crystallized by _ 
its slow evaporation. It may be deprived of colour and slight impurities 
by the action of animal charcoal, and two or more erystallizations. In 
the preceding process hydrochloric acid may be used instead of sulphuric, 
in which case the precipitate is not encumbered with sulphate of lime. 

Cinchonia is thus obtained in the form of white semitransparent 
crystals, requiring about 2500 parts of water, at 212°, for their solu- 
tion, and are almost insoluble {in cold water. They have little taste, but 
become intensely bitter upon the addition of almost any acid. They 


* The French chemists designate | Caventou. In the Cinchona lancifolia, or 
these bases by the termination ine, mor- | pale bark, they found the following con- 
phine, quinine, &c. As far as possible | stituent parts :—1l. Cinchonia, combined — 
we are in the habit of distinguishing | with kinic (or cinchonic) acid. 2. Green 
salifiable basesby the termination a, hence | fatty matter. 3. Red and yellow co- 
our terms morphia, quinia, cinchonia, &c. | louring matter. 4. Tannin. 5. Kinate - 

4 The varieties of Peruvian bark have | (or cinchonate) of lime. 6, Gum. Ts 
been examined by MM, Pelletier and! Starch, 8, Lignin. ) 
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restore the blue colour of reddened litmus. They are sparingly soluble 
| in cold alcohol, ether, and fixed oils; but abundantly soluble in boiling 
| alcohol, and the solution deposits crystals on cooling, and becomes milky 
when dropped into water. _ 

When cinchonia is heated in a small tube-retort, ammonia is evolved, 
recognised by its odour, action upon turmeric, and upon a glass rod 
moistened with hydrochloric acid; the odour of hydrocyanic acid may 
also be perceived; an oily matter, smelling like naphtha, distils over, and 
an abundant carbonaceous residue remains, The most remarkable cir- 
cumstance attending this.decomposition (provided the cinchonia be pure, 
and air carefully excluded), is the absence of aqueous vapour, even when 
the products were made to pass through a cooled tube. This led me to 
suspect the absence of oxygen in cinchonia (Quarterly Journal, xvi.); 
an opinion corroborated by its want of action upon potassium when 
heated with that metal in naphtha: the cinchonia, under these circum- 
stances, readily dissolves in boiling naphtha, and again entirely separates 


as the solution cools, concreting into a radiated crystallized mass, in which 


the brilliant globules of potassium are disseminated. The experiments 
which I made to determine the ultimate components of cinchonia, led me 
to regard it as a ternary compound of 79:3 per cent. carbon, 7*1 hydrogen, 
and 13:6 nitrogen, and I represented it as a base, of which certain other 
alkaloids might possibly be oxides; but the subsequent, and probably 
more accurate researches of Pelletier and Dumas have shown that it con- 
sists of (20 Ca7 +2A+0+2), its apparent equivalent being 154; or 


Dumas 
and Pelletier. Brande. 
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The salts of cinchonia have been examined by Baup (Ann. de Ch. et Ph., 
_ Xxvii. 323), and by Pelletier, Caventou, and Dumas. (Ann. de Ch. et Ph., 


xv. and xxiv.) 


SunpHate or CincnoniA.—There is a subsulphate or disulphate, and 
a neutral sulphate of this base. The neutral sulphate, obtained by dis- 
solving cinchonia in excess of dilute sulphuric acid, and evaporating till 
a pellicle forms, crystallizes in rhomboidal octoédra, which become opaque, 
and are efflorescent, soluble in less than their weight of water at 60°, and 
in alcohol, but not in ether. They consist of (Cin+ $/+49), or 

Baup. 
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Crystallized sulphate of cinchonia 1 230 1000 100°000 


—_— 


SuBsULPHATE, OR DisuLPHATE oF CincHoNIA.—This salt requires — 
between 50 and 60 parts of water at 60° for its solution: it is obtained 
by digesting excess of cinchonia in the dilute acid: it forms rhomboidal 
prisms = (2 Cin+ S’+2q), or composed of 
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‘Baup. 
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366 100°00 


Crystallized disulphate of cinchonia 


HyYDROCHLORATE OF CINCHONIA, (Cun + Ac/.)— Anhydrous cinchonia 
absorbs hydrochloric acid gas, and produces a neutral hydrochlorate, com- 
posed, according to Liebig, of . 

Liebig. 
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ee 


Hydrochlorate of cinchonia 1 191 100°0 100 


DiHYDROCHLORATE OF CincHonta. (2 Cin+ he/.)—When cinchonia in 


q 
excess is digested in dilute hydrochloric acid, a soluble salt, forming — “ 
acicular crystals, is obtained, composed, according’ to Pelletier and | 


Cayventou, of - 
Pelletier. 
and Caventou. 
Cinchonia : . bre OP OD eae DOE — SAY TROD Re a ORNS 3 
Hydrochloric icid. ue naa et Go BT Mat « MO? ate FOS 
Dihydrochlorateofcinchonia 1 345 -100°0 1000 


Nitrate oF Crxcuonra. (Crn4+70/.)— When very dilute nitric acid 
is saturated by cinchonia, a portion of the niiraie formed separates inthe — 
form of liquid globules, looking like oil, which, in the course of a few _ 
days, become groups of acicular crystals. This property belongs also to 
quinia, and may serve to distinguish these from other alkaloids. 


CuLoratTE or Cincnonta, (Cin-+ C/,) obtained by saturating chloric 
acid by cinchonia, forms clusters of white crystals. When heated, they — 
first fuse and then explode. 


TopatE or CrncuontA forms delicate prismatic crystals. 


ARSENIATE OF CINCHONIA is a very soluble, and dificultly-crystal- 
lizable salt. 


GALLATE oF CincnoniA is a difficultly-soluble salt. A 


OXALATE oF CincnontA.—The neuiral oxalate is difficultly soluble in 
cold water: it is rendered more soluble by excess of acid; it is thrown 
down when oxalate of ammonia is added to a neutral solution of a salt of — 
cinchonia, in the form of a white powder, very sparingly soluble in hot 
water: this salt is soluble in hot alcohol, and part separates as the solu- 
tion cools. ' 


AcrTaTE oF CixcnontA.—Acetic acid dissolves cinchonia: the solu-_ 
tion is always acid; when evaporated it lets fall small crystals on cooling, — 
which are neutral and difficultly soluble. When, on the contrary, the 
solution is evaporated to dryness, a gum-like mass is obtained, which is 
resolved by cold water into a soluble superacetate, and an insoluble 
subacetate, 


_ common varieties of yellow bark, it al- 
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CARBONATE OF CrncHontA.—This salt is said to be precipitated from 


the solutions of cinchonia by carbonated alkalis, and moist cinchonia is 


stated to absorb carbonic acid from the air, and then to effervesce when 
dissolved in acids. 


2. QuintA.—Quinia is obtained from yellow bark by a process pre- 
cisely similar to that for procuring cinchonia from pale bark. But, as 
sulphate of quinia is abundantly prepared for medical use, that salt is a 
more ready source of the alkaloid: it is obtained by adding ammonia to 
a solution of the sulphate, when it falls in white flakes, which are apt, on 
drying, to become brown. Quinia is very difficult of crystallization, but 
it has been obtained in that form by very slowly evaporating its alcoholic 
solution by exposure to cold dry air. It may also be crystallized, accord- 
ing to Henri and Delondre (Jour. de Pharm., xx. 157), by dissolving pure 
and crystallized sulphate of quinia in a large quantity of water, decom- 


posing it by ammonia, washing the precipitate, dissolving it in weak 


aicohol, and adding water to the solution till it becomes milky: it is then 
left for some days exposed to the air, when portions of the separated 
quinia, which at first resembled fluid resin, gradually become crystalline, 
forming radiated and acicular groups, whitch are efflorescent. These 
crystals are hydrate of quinia; when heated they first soften, then become 
white and pulverulent, and, when fused, lose water; the fused quinia 
eoncretes into a resin-like mass, which, if cooled very slowly, shows signs 
of crystallization, and becomes negatively electric by friction: in water it 
gradually returns to the state of hydrate. 

Quinia has a decided alkaline action upon proper tests; it is intensely 
bitter; very sparingly soluble, even in boiling water; readily soluble in 
boiling alcohol, which, when evaporated, leaves it in the form of a viscid 
mass: it is more soluble than cinchonia in ether. It forms distinct salts 
with the acids*. When heated in a tube it fuses, becomes thick, viscid, 
and dark-coloured, an oily liquid evaporates, ammoniacal and hydrocyanic 
yapours follow, and a bulky carbonaceous matter remains. 

Anhydrous quinia consists of (20 CA +12 h+20 +N) = 162; or, 


Pelletier 

and Liebig. Gobel. Brande f. 
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' * When quinia is obtained from the | tallizes, and leaves the latter salt in 


solution. 


- most always contains more or less cin- 


chonia: these alkaloids may be separated 
by solution in alcohol, which, when duly 
evaporated, deposits the cinchonia in 
crystals, while the quinia, being more 
soluble, remains in solution: by one or 
more repetitions of this process it may 
be freed from cinchonia : or they may be 
converted into sulphates, and then, the 
sulphate of quinia, being less soluble 
than the sulphate of cinchonia, crys- 


+ Linsert my own analyses here, be- 
cause they were made with much care 
at the time, and are consistent with the 
results of Pelletier, Dumas, and Liebig, 
as far as the carbon and hydrogen are 
concerned ; in respect to the nitrogen, I 
cannot account for the discrepancy, or 
for the cause of the probable error inmy 
own experiments. Theseanalyses, which 
were published in the Quarterly Journal, 
vol. xvi., formed part of a paper which 
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SuLPHATE oF Quini14.—This salt has excited great attention on 


account of its medicinal importance; its manufacture is chiefly carried on 


in Paris *, though large quantities of it have occasionally been prepared 
in this country. The quinia is obtained from yellow bark, and dissolved 


in dilute sulphuric acid: the first crops of the salt are decoloured by 


animal charcoal; it is again crystallized, and very carefully dried: this 
operation requires care, for if the desiccation is carried too far, the salt 


loses its crystalline character, and crumbles down into powder. 2 
The sulphate of quinia, as it occurs in commerce, is at present 


regarded as a subsalt, or a DisutpHats, and is such, in reference to the — 
above equivalent of quinia; but by some, an equivalent has been assumed — 


which represents this as a neutral sulphate. 


DisuLPHATE oF Quinta forms long acicular crystals, efflorescent, 


intensely bitter, and requiring about 740 parts of cold, and 30 parts of” 
boiling water, for their solution. They are soluble in 24 parts of cold — 


alcohol (specific gravity 850), and much more soluble in boiling alcohol. 


This salt readily fuses, looking at first like melted wax; it then reddens, — 
and begins to be decomposed; in the air it burns, producing at first a — 
bulky charcoal, which, by continued heat, is consumed without residue: 

we are thus enabled to discover certain adulterations which are practised _ 


upon itt. Ithas the curious property of becoming luminous when heated 


to about 212°; its phosphorescence is increased by friction, and electricity 


is, at the same time, manifest. a 
_ The accurate determination of the composition of this salt, in its 
various states, is interesting and important; upon this subject there is 
some difference in the statements of different authors: the following, as 
given by Dumas and Baup, agrees with my own observations, but Liebig 
does not admit the existence of an anhydrous basic sulphate, which ought 
to consist of 


was intended for the Royal Society, and 
in which I first pointed out the existence 
of nitrogen as acharacteristic element of 
the alkaloids then known. The paper 
was not read, and on the arrival of the 
Annales de Chimie, containing Pelletier 
and Dumas’ announcement of the same 
fact, it was withdrawn at the recom- 
mendation of the President. 

* 120,000 ounces are annually ex- 
ported from Paris. (Dumas.) . 

+ Thesubstances commonly employed 
for the adulteration of sulphate of quinia 
are, water, sugar, gum, starch, ammo- 
niacal salts, and earthy salts, such as 
sulphate of lime and magnesia, or acetate 
of lime. Pure sulphate of quinia, when 
deprived of its water of crystallization 
by a heat of 212°, should lose only from 
8 to 10 per cent. of water. Sugar may 
be detected by dissolving the suspected 
salt in water, and adding precisely so 
much carbonate of potassa as will pre- 


cipitate the quinia. The taste of the 


sugar, no longer obscured by the bitter 
of the quinia, will generally be perceived ; 


and it may be separated from the sul- 
phate of potassa by evaporating gently — 
to dryness and dissolving the sugar by 
Gum and: starch are 


boiling alcohol. 
left when the impure sulphate of quinia 
is digested in strong alcohol. Ammo- 
niacal salts are discovered by the strong 
odour of ammonia, which may be ob- 
served when the sulphate is put into a 
warm solution of potassa. Earthy salts 


may be detected by burning a portion of — 


the sulphate. Several of the preceding 


directions are taken from a paper on tlie~ 


subject by Mr. Phillips. (Phil. Mag. and 


Ann., iii. 111, and TurnER’s Elements.) | 


According to Dumas, margaric acid is 
sometimes mixed with sulphate of quinias 


it is detected by its insolubility in dilute 


hydrochloric acid. 
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Baup. 
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Anhydrous disulphate of quinia 1 364 100 100°0 


The ordinary. sulphate of quinia, or the crystallized disulphate, 
consists of | 


Dumas 
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When the salt effloresces, or when dried at 212°, it loses 4 atoms of 
iis water, and when dried at 240° it loses 6 atoms, retaining 2, which, 
according to Baup, may be expelled by a higher temperature, but which 
are retained, according to Liebig, till the salt decomposes. © 

When the disulphate of quinia is triturated with dilute sulphuric 
acid, it first forms a white magma, which afterwards dissolves on 
adding more of the acid, and on evaporating this solution, or, if con- 
eentrated, on leaving it at rest, prismatic crystals of the neutral sulphate 
(according to our equivalent) are formed. This salt is much more soluble 
than the preceding, and at 212° it fuses in its water of crystallization; 
when dissolved in aleohol its solution yields crystals, which fall to powder 
on exposure to air. This sulphate, in crystals, 1s composed, according to 
Dumas, of : 3 

é Dumas. 
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Crystallized sulphate of quinia 274 100°0 100°0 
The various sulphates of quinia, therefore, may be thus represented: 
Symbols. Equivalents. 


1. Anhydrous disulphate 
2. Crystallized disulphate 


(fQv1+ Sh) 864 
(2Qui + S/+8g) . . 436 
3, Effloresced.disulphate . (2Qur + 8/4+49) . . 400 
4, Ditto, dried at 240° . (2Qur + S/+2q) . . 382 
9. Anhydrous sulphate . . . =( Qur+S/).. . + 202 
6. Crystallized sulphate. . . =( Qui+S/4+8q) . . 274 


Hyprocutorate or ‘Quinta. (Qui+Ac’)—When dry quinia is 
exposed to a current of hydrochloric acid gas, it absorbs 18 per cent., 
and forms a salt more soluble than the sulphate. (Lirpta.) When 
quinia is dissolved in hydrochloric acid, the solution affords nacreous 
erystals on evaporation, which. are more soluble than sulphate of quinia, 
and less soluble than hydrochlorate of cinchonia; they contain about 7 
percent. of hydrochloric acid. (PELLETIER and CavENTOUv.) Probably, 
therefore, there are two hydrochlorates of quinia: regarding Liebig’s 
~ salt as anhydrous, it would consist of 


fh Mt Tt 


Liebig. 
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a 
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Nitrate oF QuintaA.—When quinia is dissolved in diluted nitric 
acid, and the solution evaporated, the nitrate separates in the form of 
an oil-like liquid, which gradually crystallizes. (PELLETIER. CAVENTOU. 
Dumas.) 


Puospuate oF Quinta is easily crystallizable; it forms acicular — 
prisms, soluble in alcohol. (PrLiterier and CavENTOUv.) 


CunorATE oF Quinta, formed by dissolving quinia in chloric acid, : 
yields, on evaporation, bundles of acicular prisms, which, when heated, 
fuse, and afterwards explode. (Dumas.) 


TopaTE oF Quinta forms silky crystals. (DuMas.) 


ARSENIATE OF QuInrA much resembles the appearance of the phos- 
phate, but its crystals are less nacreous. (PELLETIER and CAVENTOU.) 


OXALATE OF Quin1A.— When a concentrated solution of oxalic acid is 
added to one of a soluble salt of quinia, a precipitate of oxalate of quinia 
falls; it dissolves in boiling water, and yields nacreous acicular crystals on 
cooling; it dissolves in excess of oxalic acid, and this solution also cry- 
stallizes in needles: the neutral oxalate is very soluble in alcohol, and the 
bot alcoholic solution deposits crystals on cooling. 


TARTRATE OF QuINIA resembles the oxalate, but is more soluble. 


TANNATE OF Quin1a.—The infusion and tincture of galls precipitates 
quinia from its solutions: pure tannic acid produces a similar effect: the 
precipitate is soluble in acetic acid, and difficultly so in water. 


GALLATE OF QurIntA.—Gallic acid occasions precipitates in all the 
solutions of quinia which are not very dilute; the alkaline gallates are 
yet more effective precipitants. Gallic acid unites directly with quinia, 
and the salt is difficultly soluble in cold water; its solution in boiling 
water becomes milky as it cools. The gallate of quinia is soluble in 
alcohol, and in excess of acid.. (Dumas.) 


ACETATE OF QuintA.—The acetate of quinia, when slightly acid, is — 
easily crystallizable: the solution, when evaporated to a certain point, 
forms a mass of distinct acicular crystals; when very slowly evaporated, -— 
it yields peculiar mamillary and stellated groups; it is not very soluble, | 
and if coloured, it may be washed in water, and subsides in silky — 
filamentous crystals: its concentrated solution, in boiling water, concretes 
into a crystalline mass when cold. (Dumas.) 

Mr. Pereira has given the following comparative table of the principal 
distinctive ,characters of cinchonia and quinia. (Elements of Materia 


Medica, p. 997.) 


Form 


seeveeee ee eve eseeone 


Taste.. eeeoe eve eevee ee seoenesne 
USSHUULY ws 6d oe Ro Ene file we 


POMUGOSUION 5 vcvcee ovsere 


Combining proportion, or 
atomic weight...s.eees. 
in water.... 


Solubility in alcohol...... 


in ether... . cilelas 


form and as- 
MEG. aso ric 


Dioulphate} 
solubility... 


Neutral Sulphate oss 


‘ARICINA. 


CINCHONIA. 


Crystalline. 


Bitter. 

Infusible when quite dry; 
when moist fuses, but at the 
same time decomposes, 

1 atom contains only 1 atom 
of oxygen. 


154 


Dissolves in 2500 times its 
weight of boiling water 

Soluble ; solution readily cry- 
stallizes. 


Sparingly soluble; solution 
readily crystallizes. 


Four-sided prisms. 

Soluble in 54 parts of cold 
water or 6 parts of spirit 
(sp. gr. 0°85). 

Soluble in half its weight of 
cold water or 1 part of cold 
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QUINIA. 


Suidetinsttneneeenaeieenmeeeeeeee 


Amorphous (in the anhydrous 
state). The hydrate is crys- 
tallizable, but with difficulty. 

Very bitter. 

Fusible. 


1 atom contains 2 atoms of 
oxygen. 


162 


Dissolves in 200 times its 
weight of boiling water. 

More soluble than cinchonia; 
solution with difficulty cry- 
stallizes. 

Very soluble; solution crystal- 
lizes with difficulty. 


Pearly silky needles. 

Soluble in 740 parts of cold 
water or 80 parts of spirit 
(sp. gr. 0°85). 

Soluble in 11 parts of cold 
water. More soluble in 


g spirit (sp. gr. 0°85). spirit than sulphate of cin- 
3 chonia. 
“2 | Hydrochlorate ...... . | Crystallizes in needles. Crystallizes in silky or pearly 
tufts. ; 
Phosphate ..... seeeeee | Scarcely crystallizable; aspect | Crystallizes in pearly needles. 
gummy. 
Arseniate .........+.. | Scarcely crystallizable. Crystallizes in prismatic 
, needles. 
WMACEIAIO SSS ess 5s seeeee | Very soluble; crystals small | Lesssoluble; crystals in silky 


and granular. tufts, grouped in stars, &c. 
The solution of disulphate 
treated by chlorine, then 
by ammonia, yields...... 


A reddish solution. An emerald-green solution. 


3. Artcina.—This alkaloid was discovered in 1829, by Pelletier and 


Coriol, (Jour. de Pharm., xv. 575,) in a bark from Arica, which had 


been fraudulently mixed with cinchona: in appearance it resembles 
yellow bark, but we are unacquainted with its botanical history. Treated 


‘as usual for the separation of its alkaloid, it yields a substance much 


resembling cinchonia in its external characters, but differing from it 
materially in its aggregate chemical properties. It is insoluble in water, 
and nearly tasteless, but, after a time, produces a biting sensation upon 


the palate; its acid solutions are very bitter; heated, it fuses like quinia, 
and is not volatile. 


Its sulphate is not crystallizable from its aqueous solution, but yields 


a gelatinous mass, becoming horny when dried: its alcoholic solution, on 


the contrary, affords silky crystals, much like sulphate of quinia. When 


a few drops of sulphuric acid are added to its gelatinous sulphate, another 


sulphate, crystallizable in flattened prisms, is formed. The action of 

nitric acid on aricina is very distinct; when concentrated it produces with 

it a very deep green colour; when more dilute the colour is brighter, and 

when very dilute the solution is colourless: the production of this green 

colour ig accompanied by a decomposition of the alkaloid, but, by using a 
4L 
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4 
very dilute acid for its solution, this is prevented, and a colourless 
nitrate obtained. According to Pelletier, the ultimate components of j 
aricina are . 


Pelletier. 
Carbon . 20 . 
Hydrogen 12. . 12... Tl... 69 
Oxygen. 3. 
Nitrogen. . 


1 
1 


Aricina 170 100°0 100°0 


It is remarked by Dumas, that cinchonia, quinia, and aricina, may 
be regarded as oxides of a common radical or base, represented as 
follows:— 

(0 car + 12h +N) + 0 = Cinchonia. 
(0 car + 2h +n) +20 = Quinia. 
(0 car + 2h +n) +30 = Aricina. 


The atomic constitution of these, and of the preceding alkaloids, sug- 
gests many theoretical views, which, however, have not been sufficiently 
matured to merit a place here, and are essentially dependent upon the 
equivalents by which they are represented. The numbers which I have — 
adopted represent these bodies as nétrurets of a compound radical, or as 
consisting of carbon, hydrogen, and oxygen + 1 atom of nitrogen; hence 
the notion of the existence in them of ammonia, to which, even their 
alkaline characters have been by some ascribed: Dumas compares them 
to urea, and regards them as amides; but these hypotheses are all 
unsatisfactory, and till our knowledge of the various hydrocarbons, and 
of their combinations, is much extended and simplified, we shall probably 
not be able to frame any correct theory applicable to the ultimate con- 
stitution of these highly interesting compounds. 


4, Crncnonic (Kinic) Actp.—This acid, originally noticed by Hot 
mann, and by Vauquelin (Ann. de Ch., tix. 162), is contained in the 
different species of cinchona, combined with lime, and with their alka- 
loids. It may be obtained by digesting an aqueous extract of cinchona 
in alcohol, which leaves a viscid mass containing cinchonate of lime: 
when this is dissolved in water, and exposed to spontaneous evaporation 
in a warm place, the salt of lime crystallizes, and these crystals, when 
purified, may be decomposed by sulphuric or oxalic acid, so as to abstract — 
the lime, and separate the cinchonic acid; some add acetate of lead to 
the solution of cinchonate of lime, and decompose the precipitated 
cinchonate of lead by sulphuretted hydrogen, but the former methods are 
preferable. (Henry and Puisson, Jour. de Pharm., xiii. and xv.; Linsié 
and Baup, Ann. de Ch. et Ph., xuvii. 188, and Li. 56.) When the cinchonic 
acid is separated its aqueous solution must be slowly and quietly evapo- 
rated, and it then yields crystals, soluble in 2:5 of water at 68°, and 
soluble also in alcohol: it tastes sour, but not in the least bitter. Sul- 
phuric acid dissolves it, acquiring a green colour, and carbonizes it when 
heated. Heated with a little nitric acid, a crystallizable sublimate is at 
first produced, which is analogous to pyrocinchonic acid; a larger addition 
of the acid converts it into.oxalic acid. According to Baup, the formula 
of this acid is ( CA%/-+ 10 +100), so that its equivalent is 180, or 
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a ’ ; Baup. Liebig. 
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Mevcrogen 2." 606 Sy 10 ee TOR ee rae 2 GE eae. GRD 
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Anhydrous cinchonic acid 1 180 100°0 100°0 100°00° 


The crystallized cinchonic acid includes ] atom of water, its equivalent 
being 180-+9= 189. | 


Cincnonates or Kinates.—In the neulral cinchonates, the oxygen 
in the acid is to that in the base as 10 to 1. They are soluble in water, 
but insoluble in absolute alcohol. 


Crncoonats or Lime. (C+ cin!.)—This salt crystallizes in trans- 


parent rhomboids, soluble in 9 parts of water at 60°, and much more 


soluble in hot water: when dried at 212° it loses 28 per cent. of water. 
Its equivalent in the anhydrous state is 180-+28—208, and in the 
crystallized state, including 10 equivalents of water, 208+ 90=298. 
According to Berzelius, a small quantity of cinchonate of lime may be 
extracted from the alburnum of fir-trees. 


Crxcnonats or Copper (Cu + C2?/) is thrown down in the form of 
a difficultly-soluble green precipitate, when a soluble cinchonate is added 
toa solution of acetate of copper; the salt is not thrown down from 
sulphate or nitrate of copper. According to Baup, this is a basic salt. 


CINCHONATE oF Leap. (PL+ cin! .)—The neutral salt forms acicular 
crystals, which, when gently heated, lose their water of crystallization. 
The basic salt is insoluble in water. 


CINCHONATE OF SILVER (Aa+Cin/) is an anhydrous salt, which 
rapidly blackens by exposure to light. 


Ill. Srrycunra. Bructa. Srrycunic Acip.—Strychnia was dis- 
covered in 1818, by Pelletier and Caventou. (Ann. de Ch. et Ph., viii. 
305, x. 142.) It is contained in many species of Strychnos, especially in 
S. nux-vomica, S. ignatia, and S. colubrina. They also subsequently 
detected it in the celebrated Javanese poison, called Upastieute, (Ann. 
de Ch. et Ph., xxvi. 44.) Strychnia is associated in the former sources 
with Brucia, a distinct alkaloid, which was originally detected in the 
bark of the nux-vomica tree, an article which was known in the drug- 
trade under the name of spurious angustura bark; and as the genuine 
angustura bark was presumed to be the bark of a species of brucia, 
the terms brucine and brucia, though evidently derived from a perfectly 
distinct source, have been applied to the alkaloid extracted, together with 
strychnia, from the bark of the S. mua-vomica. Brucia was discovered 
by the above chemists in 1819. (Ann. de Ch. et Ph., xii. 118.) To them 
also we are indebted for our knowledge of the strychnic, or as they 
originally called it, igasuric acid, a term derived from the Malayan name 


of St. Ignatius’ bean. 


1. Srrycunza.—Among the numerous processes which have been 
devised for the extraction of strychnia, the two following are the 
4L2 
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simplest: the first is suggested by M. Coriol, the second by M. Henry, : 
‘ 


jun. (Jour. de Pharm., xi. 492, xvi. 752.) 
Digest coarsely-powdered nux-vomica in repeated portions of cold 


- 


*& 


water, till all soluble matters are extracted: carefully evaporate the — 
infusions to the consistence of syrup, and precipitate by alcohol; wash — 


the precipitate (which consists of gum) with alcohol, add the washings 
to the original portion, and evaporate the whole in a water bath to the 
consistency of an extract: this consists almost entirely of strychnate of 
strychnia; dissolve it in cold water, which separates a little greasy 
matter; then heat the clear liquid, and add milk of lime so as to decom- 
pose the strychnate, and leave the lime in slight excess; drain, and dry 
the precipitate by pressure, and digest in boiling alcohol, which takes 
up strychnia, brucia, and some colouring matter; these are obtained by 
evaporation, and may be separated by the action of weak alcohol, which 
dissolves the brucia and the colouring matter, and leaves strychnia; wash 
it with a little dilute alcohol, and dissolve it in strong boiling alcohol; 
this deposits it in crystals on cooling. 

Henry’s process is as follows: the rasped or powdered nux-vomica is 
digested in warm alcohol acidulated by sulphuric acid, as long as it 
dissolves anything; it is then pressed out, and powdered quick-lime is 
added to the alcoholic liquors to saturate the acid, and precipitate the 
colouring matter: when this mixture has subsided, the clear part is 
poured off, the residue washed with alcohol, and these liquors filtered 
and distilled; they leave a brown alkaline residue, which is to be 


saturated by water slightly acidulated by sulphuric, hydrochloric, or 


acetic acid; the neutral liquor is then filtered off, concentrated by 
evaporation if necessary, and when cold precipitated by slight excess of 
ammonia; the precipitate is washed, and digested in warm dilute alcohol, 


a 


to remove brucia; the remaining strychnia is then dissolved in boiling 


alcohol with a little animal charcoal, and filtered whilst hot; on cooling, 
the strychnia is deposited. (See Dumas, vy. 754, for an abstract of the 
other methods.) 

When a solution of strychnia in common alcohol is left to slow 
evaporation, it yields the alkaloid in octoédra, or four-sided prisms, 
terminated by pyramids; when rapidly crystallized it is granular. It is 
intensely bitter, and extremely poisonous, one-eighth of a grain being 
sufficient to kill a dog, and a quarter of a grain often producing a decided 
effect upon a healthy man. It produces, in larger doses, paroxysms of 
tetanus, and repeated convulsions, like those resulting from electric shocks. 
Injected in very small quantities into the veins, death very soon ensues, 
and in this way it is that the poisoned arrows of the Javanese produce 
their effect. . 

Strychnia is fusible, but not volatile, and easily decomposed by heat; 
subjected to destructive distillation it affords the usual products of these 


compounds. It is almost insoluble in cold water, and ] part requires — 
2500 of boiling water for solution: the intensity of its bitterness is such, _ 


that its cold aqueous solution, which does not contain more than a six- 
thousandth of its weight of strychnia, may be diluted with 100 times its 


bulk of water, and yet remain sensibly bitter. It is soluble in common — 


acohol, but absolute alcohol, and ether, scarcely dissolve it when quite 


| described. 


‘oxalic acid, and evaporated to dryness. 
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free from acid. It is soluble in the atids, and forms soluble, colourless, 
and crystallizable salts*. When chlorine is passed through a mixture of 
strychnia and water, it is dissolved, and the solution yields colourless 
crystals of hydrochlorate of strychnia by evaporation: boiled with iodine 
and water it is also dissolved. Fused with sulphur it evolves sulphur- 
etted hydrogen. Adopting Liebig’s analyses, strychnia is an anhydrous 
compound of 


Liebig. 
Carbon . 30 180 770 . 77°20 
Hydrogen 16 16s) SO SBN... G72 
Oxygen. 3 24 10°2 10°13 
Nitrogen 1 - (4 6°0 5'95 
Strychnia. 1 234 100°0 100°00 


Hence we have 234 as the equivalent of strychnia, and its symbol 
(ocar+6h+30+N). 


SunpHaTe oF Strycunta. (Stry+S/.)—This salt, when crystallized 
from its neutral solution, is in small cubes; excess of acid renders it 
acicular. It becomes opaque by exposure to air, without losing weight; 
it may be fused without decomposition when carefully heated; it then 
loses about 3 per cent. This salt is excessively bitter; it dissolves in 
about 10 parts of water at 60°, and in less at 212°. According to Liebig 
it is anhydrous, and consists (dried at 212°) of 


Liebig. 
Biryenhia. 3) es ES a 284" Ss ce eerG 
Sulphuric’ acid Se Lig ak vase 400) 9 ent Bee 
Sulphate of strychnia 1 274 100°0 f 


The other salts of strychnia are crystallizable, and mostly very solu- 
ble; even those with the oxalic and tartaric acids. , 


2. Bructa.—The presence of this alkaloid in the usual sources of 
strychnia, and the method of separating them, have already been 
It is most abundantly procured from the bark of the 
Sirychnos nuax-vomica, commonly called false angustura. This bark is 
coarsely powdered, and having been previously digested in sulphuric 
ether to free it from fatty matter, is treated -by alcohol, the alcoholic 
solution evaporated, and the residue dissolved in water, saturated with 
Alcohol, digested upon this 
residuum, dissolves colouring matter, and leaves pure oxalate of brucia, 
which may be decomposed by lime, and the brucia dissolved out by 
boiling alcohol, from which, by slow evaporation, it is obtained in 
crystals. | | 

Brucia forms either prismatic or foliated crystals, according as it has 
been slowly or rapidly deposited: it is soluble in about 850 parts of cold, 


* Nitric acid always reddens strych- 


nia, but it is said that pure strychnia, 


(that from upas,) is not thus discoloured, 
and that the effect is due either to a 
yellow uncrystallizable compound, which 
generally accompanies strychnia, or to 
the presence of brucia. Be this as it 


may, the effect of nitric acid upon all 
the samples of strychnia and its salts, 
which I have examined, has been to 
redden them: we are, however, as yet 
but imperfectly acquainted with this... 
alkaloid and its combinations. % 
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and in 500 of boiling water; its taste is strongly and permanently bitter; i 
it is very soluble in alcohol, but insoluble in sulphuric ether: with the ; 


acids it forms soluble salts, mostly crystallizable; they are bitter, and are 
decomposed not only by the alkalis, but by morphia and strychnia, both 
of which precipitate the brucia. Brucia is reddened by nitric acid, and 
the colour changes to violet on the addition of protochloride of tin, A 
drop of bromine added to the alcoholic solution of brucia, renders it 
violet; by these characters it is distinguished from strychnia and from 
the other alkaloids. Anhydrous brucia consists of 

Liebig. 

Garbon )'. aes 82 “ere 1492-3 10-96 

Hydregen .-21 -. 18 ws 18 «-. +60 

- Oxyyen .... 79, 6.9%. 48 F. ehime 


Nitrogen 1 14 . . . 514 
1 272 100-00 


Anhydrous brucia 


Hence we have 272 as the equivalent, and (32C7 + 183h+60+%) as the 
formula of brucia. 

Crystallized Brucia is a perfectly definite hydrate, including 6 atoms 
of water; its equivalent therefore is 272 +54 = 336. 


Sutpuate oF Brucia (Bru+S/) is very soluble in water, and 
sparingly so in alcohol; it forms prismatic crystals, which are extremely 


bitter, and include 4 atoms of water, 2 of which they lose by efflo- 


rescence. 
The general characters of the remaining salts of brucia have been 
above stated. 


“ 
J 


3. Srrycunic Acip.—This acid was obtained by Pelletier and Caven- 


tou as follows:—Powdered Ignatius’ bean, or nux-vomica, was first 
digested in ether, and all soluble matters being removed, it was next 
treated by alcohol; the alcoholic solutions were evaporated, water added 
to the residue, and filtered; the filtered liquor was then digested with 
pure magnesia; an insoluble s/rychnate of magnesia was thus formed, 


which, washed with cold water and dried, was digested in alcohol to 


abstract free strychnia; the strychnate of magnesia was then dissolved in 


boiling water, rapidly filtered, and mixed, whilst hot, (for the salt is not 


soluble in cold water,) with acetate of lead; the resulting strychnate of 
lead was then decomposed by sulphuretted hydrogen, and the sulphuret 
of lead being filtered off, or allowed to settle, the solution was evaporated ; 
it yielded a brown liquid, which deposited hard granular crystals of 
strychnic acid. Neither the equivalent nor the ultimate composition of 
this acid have been satisfactorily determined. | 


Srrycunates.—The strychnaies of ammonia, potassa, and of soda, are 


very soluble both in water and in alcohol: when the aqueous solution of — 


strychnate of baryta is evaporated, it yields spongy vegetations. The 
salts of iron, mercury, and silver, are not affected by neutral strychnate 
of ammonia, but it renders the solutions of copper green, and, after some 


time, a bright-green precipitate, scarcely soluble in water, falls: Pelletier — 


and Caventou regard this character as distinctive of the strychnic acid. 


ether is called by Couerbe, veratrin. 
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IV. VERATRIA, AND OTHER ALKALOIDS.—In this subsection I include 
a long list of alkaloids, and of other substances apparently related to them, 
which have been more or less accurately examined, but the greater 
number of which require more minute investigation. They are extremely 
interesting to the chemist from the analogy which they bear to the well- 
defined alkaloids; and to the medical physiologist, as presenting, in an 
insulated state, the active principles of many important and energetic 
articles of the Materia Medica. 


1. Veratria.—vVeratria was discovered, in 1819, by Pelletier and 
Caventou (Ann. de Ch. et Ph., xiv. 69), and, about the same time, by 
Meisner, in Germany. (Schweigger’s Jour., xxv. 377.) It is contained 
in the seeds of the Veratrum sabadilla, and the roots of the Veratrum 
album, or white hellebore, united with gallic acid*. It is most readily 
procured from the seeds of the sabadilla, which are first digested in ether, 
to remove oily matter, then boiled in alcohol, and the solution suffered to 
cool; it is then filtered, evaporated to dryness, and the residue digested 
in water: which, being partly evaporated, deposits a yellow matter, to be 
separated by filtration. The clear solution is now mixed with acetate of 
lead, which gives a precipitate, to be removed by filtering; and the 
filtered liquor (its lead having been separated by sulphuretted hydrogen, 
and heated) is now boiled with magnesia; the precipitate thus produced 
is digested in boiling alcohol, from which the veratria is deposited in a 
pulverulent form, on evaporation. If not at first white, it may be ren- 
dered so by a second solution, and by the aid of animal carbon. As thus 
procured, veratria is not erystallizable; it has a pungent, but not a bitter 
taste, and powerfully irritates the nostrils. A very small dose produces 
nausea and vomiting. It fuses at a temperature of 122°, and concretes, 
on cooling, into a translucent yellow mass. Boiling water does not take 
up more than a thousandth part of its weight, but it is readily soluble in 
aleohol, and less so in sulphuric ether. But. in this state, veratria, 
according to Couerbe (Ann. de Ch. et Ph., 1ii., 352), is still blended with 
other principles, two of which are abstracted by boiling water: of these, 
one is crystallizable, and termed sabadilline; the other is deposited on 
the evaporation of the mother liquor in the form of viscid drops of a 
reddish colour and acrid taste: he has termed it resinigomme de sabadil- 
linet. The alkaline residue of the veratria remaining after this treat- 
ment, is digested in successive portions of ether, and when these ethereal 
solutions are spontaneously evaporated, they deposit a white viscid mat- 
ter, which is now pure veratria: the matter which resists the action of 
Pure veratria consists, according 
to Couerbe, of 


* Veratria has also been discovered 
in the bulb of the Colchicum autumnale 
or meadow saffron, and is probably the 
principle to which the curative powers 
of that drug, in cases of gout, are reter- 
able. It is curious that, many years ago, 
Mr. Moore suspected the active ingre- 
dient in the celebrated French gout-spe- 
cific, called Faw Médicinale d’Husson, 


and which is a vinous infusion of col- 
chicum, to be derived from hellebore, 
which we now know to contain the same 
alkaline base as colchicum, 


+ From the oil of the seeds of sabadil- 
la, Pelletier and Caventou obtained, by 
the process of saponification, a peculiar 
fat acid, which they termed cevadic acid. 
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Couerbe. 
Carbon © Oi eo. 20k ae te Ce OA 
Hydrogen 7223," #2 8 Be 
Oxygen 2.6 0k) Sr Pee PAW: Weep 
Nitrogen Lins Ge iA » 4°85 


_—_— 


Veratria 1 288 “100-00 


The equivalent, therefore, of veratria, is 288, and its formula (34COr 
+o2h + 60+). 


Satts or VeRatrtA.—Veratria forms compounds with the acids, 
which are very difficult of crystallization. Couerbe succeeded in obtain. ’ 
ing a crystallizable sulphate of veratria (VER+ 8’), from the analyses of — 
which he established the equivalent of veratria as above. The hydrochlo- 
rate of veratria is also a crystallizable salt. 


2. ATRop14.—The existence of an alkaloid in the Atropa belladonna, 
or deadly nightshade, was first shown by Brandes, in 1819, (Schweigger, . 
Jour., xxviii.,) and the process for obtaining it was afterwards improved _ 
by Mein (Jour. de Phar., xx. 87), in consequence of Runge’s discovery of 
the destructibility of some of these bases by the fixed alkalis. ; 
The following is the process:—80 parts of the powdered root of bel- — 
Jadonna, from plants two or three years old, are digested in 60 parts of © 
alcohol (0°830) for several days; the alcohol is then pressed out, and the 
residue treated by fresh alcohol. The tinctures are mixed, filtered, and — 
1 part of slaked lime is added, the whole being left for 24 hours and then 
filtered. Sulphuric acid is then dropped in in slight excess, and the 
resulting sulphate of lime separated by filtration. Distil off half the 
filtered liquor, add 6 parts of water to the residue, and drive off the 
remaining alcohol by heat: concentrate carefully to one-third its bulk, | 
and when cold, drop into the liquor a strong solution of carbonate of 
potassa as long as it precipitates the atropia, which falls in a gelatinous — 
form; it may be freed from mother-water by pressure in bibulous paper, 
dried and dissolved in 5 parts of alcohol; filter, and dilute with 6 of 
water; evaporate the alcohol and set the remaining solution aside, when _ 
the atropia forms yellowish crystals: 1000 parts of the root yield about 3 — 
of the alkaloid. . 
__ Atropia crystallizes in silky prisms: it is soluble in anhydrous alcohol __ 
and in ether, and in about 500 parts of cold water ; this solution is bitter, — 
and when dropped into the eye, dilates the pupil. 
Airopia forms definite compounds with the acids; the sulphate and — 
acetate are more crystallizable than the hydrochlorate or nitrate: the 
salts are decomposed, and the atropia thrown down by potassa and_ 
ammonia, by infusion of galls, and by chlorides of gold and platinum, 
with which it forms compounds gradually crystallizing, and probably 
composed of hydrochlorate of atropia combined with the metallic chloride. 
_ When atropia is heated with potassa it is easily decomposed, and — 
abundance of ammonia is evolved. The facility with which this alkaloid — 
is thus destroyed, renders the use of caustic alkalis in its preparation 
inadmissible. According to Liebig, the ultimate composition of atropia 


is (68 Car +2h+20+47), but the nature and properties of this body 
require further examination 
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_ 3. Hyoscyamia.—This alkaloid was obtained by Brandes from the 
seeds of the Hyoscyamus niger; an alcoholic solution or tincture of which 
is mixed with a small quantity of lime, and the precipitate digested in 
dilute sulphuric acid; the solution, containing sulphate of hyoscyamia, is 
then decomposed by the addition of powdered carbonate of soda; the 
hyoscyamia is thus precipitated, and it is quickly removed from the 
solution and dried by pressure in blotting-paper; it is then dissolved in 
absolute alcohol, filtered through animal charcoal, and the solution 
evaporated, a little water being added towards the end of the process. 

Hyoscyamia is described as forming silky crystals, difficultly soluble 
in water, of an acrid and nauseous taste, highly poisonous, and, when 
applied to the eye, producing a dilated pupil. It is easily decomposed, 
with the evolution of ammonia, by the fixed alkalis. It is very soluble 
in alcohol and ether: its salts are said to be neutral and crystallizable. 
(Gricrer and Hessz, Jour. de Pharm., xx. 92.) 


4. Soranta.—This alkaloid was discovered by Desfosses of Besancon, 
in the berries of the Solanum nigrum, and in the leaves of the Solanum 
dulcamara. (Jour. de Pharm., vi. and vii.) The filtered juice of the ripe 
berries was saturated by solution of ammonia, which threw down a gray 
powder: this was dissolved in boiling alcohol, filtered through animal 
charcoal, and evaporated, when the solania was deposited. Solania is 
white and pulverulent, and though, like several of these substances, it has 
no direct alkaline action upon turmeric, it restores the blue of reddened 
litmus. Acted on by caustic potassa it evolves ammonia. It is precipi- 
tated from its acid solutions by the alkalis, and does not form crystallizable 
salts. It has been analyzed by Blanchet, who states its components to 
be per cent. 62 carbon, 8-9 hydrogen, 1-6 nitrogen, and 27-5 oxygen. 
Upon the whole, our information upon the subject of solania is very 
incomplete. 


5. Darurta.—Daturia was discovered by Brandes in the seeds of the 
Datura stramonium. Geiger and Hesse obtained it by the same process 
as that for procuring hyoscyamia. (Jour. de Pharm., vi. and xx.) The 
following process is given by Simes, for its extraction. A pound of 
stramony seeds, in fine powder, was boiled for an hour in 3 quarts of 
weak alcohol; to the liquor, filtered whilst hot, half an ounce of magnesia 
was added, and the mixture shaken from time to time for 24 hours; the 
precipitate was then collected, boiled for some minutes with 12 ounces of 
alcohol, and filtered through animal charcoal; this alcoholic solution was 
_then evaporated to half its bulk, and set aside for 24 hours, when it was 
found to have deposited globules of oil and crystals of colourless daturia; 
this deposition continued during the spontaneous evaporation of the 
liquor, when the daturia was collected, dissolved in acidulated water, 
filtered through charcoal, precipitated by magnesia, again dissolved by 
alcohol, and obtained in a pure form. Daturia crystallizes in colourless 
quadrangular prisms, of a bitter and acrid taste, and is very poisonous; 
applied to the eye, the pupil is durably dilated. Its aqueous solution is 
decidedly alkaline. It is soluble in about 280 parts of cold, and 72 of 
boiling water, and readily soluble in alcohol. 

The Salts of Daturia are generally soluble, crystallizable, and perma- 
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nent in the air; they are decomposed by the alkalis, and daturia falls in 
white flocculi. Dumas, adverting to the analogy that subsists between 
daturia, atropia, and hyoscyamia, suggests the possibility of their identity: 
their ready decomposition by the fixed alkalis approximates them to the 
amides; and it seems probable that a more accurate knowledge of their 
ultimate composition may throw light upon the subject of the alkaloids 
in general. 


6. Picrotoxta.—This name has been given to a poisonous bitter 
substance, discovered by Boullay, 1819, in the berries of the Menisper- 
mum cocculus, or Cocculus indicus, It may be obtained by the following 
process: Add acetate of lead to a decoction of the berries, as long as any 
precipitate falls; filter, evaporate, and digest the extract in highly-recti- 
fied alcohol; evaporate to dryness, and agitate the remaining matter with 
a little water; the picrotoxia remains in the form of a white residue 
of a bitter taste. 

Picrotoxia is difficultly soluble in water. Alcohol, of the specific 
gravity of ‘810, dissolves one-third its weight. It is soluble in weak 
solutions of the pure alkalis. Picrotoxia was originally described by 
Boullay as a salifiable base, and as united in the seeds to a peculiar acid, 
which was termed menispermic acid. Casaseca has shown that this acid 
isa mixture of malic and sulphuric acids, and that picrotoxia has no 
alkaline reaction, and does not neutralize the acids; but it certainly 
appears to form definite compounds with the acids, some of which are 
crystallizable. Its ultimate composition has not been accurately ascer- 
tained; but, according to Opperman, it does not contain nitrogen, but 
consists of 61°5 carbon, 6°1 hydrogen, and 32°4 oxygen per cent. 


47. Nicotina.—This principle was obtained by Vauquelin, by the 
following process (Ann. de Ch., Lxxi.): Evaporate the expressed juice 
of fresh tobacco leaves to one-fourth its bulk; and, when cold, strain it 
through fine linen; evaporate nearly to dryness; digest the residue in 
‘alcohol; filter and evaporate to dryness; dissolve this again in alcohol, 
and again reduce it toadry state. Dissolve the residue in water, and 
saturate the acid which it contains with weak solution of potassa, 
introduce the whole into a retort, and distil to dryness; redissolve, and - 
again distil three or four times successively. The nicotina will thus pass 
into the receiver, dissolved in water, from which solution it may be 
obtained by very gradual evaporation; or it may be saturated by 
sulphuric acid, and the sulphate of nicotina, so formed, decomposed by 
the addition of lime and distillation; a mixture of nicotina, ammonia 
and water, passes over, from which the nicotina may be abstracted by 
agitation with ether, and this ethereal solution, when distilled, leaves the 
nicotina. . 

Nicotina, in its purest state, is a transparent colourless liquid, of a 
pungent and disagreeable odour, and. acrid taste; it is alkaline; volatile 
at 212°; soluble in all proportions in water, alcohol, and ether, and, when 
its aqueous solution is agitated with ether, the greater part of it leaves 
the water, and is retained by the ether, It is very poisonous, and forms 
distinct salts with the alkalis. It has been but imperfectly examined, 
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and, from the method of obtaining it, it appears doubtful whether it is an 
original proximate principle of tobacco. 


8. Conta.—It appears from the experiments which have been made 
upon hemlock, that its active principle resides in a volatile and uncry- 
stallizable alkaloid; its properties have been investigated by Geiger 
(Journal fiir Pharmacie, xxv.), by Boutron-Charlard and O. Henry (Anz. 
de Ch. et Ph., uxi. 337), and by Dr. Christison (Edin. Phil. Trans., 
1836, p. 383), whose paper upon the subject includes some valuable 
physiological experiments. When the seeds or leaves of hemlock are 
distilled with water, the fluid which passes over has the odour of the 
plant, but is not poisonous; on the contrary, when caustic lime or potassa 
are previously added to the green seeds or leaves and distilled with 
water at as low a temperature as possible, the liquid which passes over 
is strongly alkaline and poisonous: when 10 or 12 lbs. of the seeds are 
worked at once, an oily matter comes over at first which is nearly pure 
conia, but the greater part of the alkaloid is dissolved in the distilled 
water; if this be redistilled, it loses a little of its strength; but if previously 
neutralized by an acid, such as the sulphuric, the poisonous principle 
becomes fixed, and water alone distils over. The residue consists of 
sulphate of conia, sulphate of ammonia, and resin, the latter being pro- 
duced by the decomposition of part of the conia. To obtain the conia, 
the above residue is digested in a mixture of 2 parts of alcohol and 1 of 
ether, which leaves the sulphate of ammonia; and then, the alcohol and 
ether being carefully distilled off, the remaining sulphate of conia is 
heated gently with a little water and caustic potassa, when there is 
obtained in the receiver a watery solution of conia in the lower part, and 
floating on this, a layer of nearly pure hydrate of conia, containing a 
trace of ammonia; the water may be abstracted by chloride of calcium, 
and the ammonia by exposure in vacuo. 

Conia, thus obtained, has the appearance of a colourless volatile oil, 
lighter than water, of a powerful diffusible odour, somewhat like that of 
hemlock, and intensely acrid to the taste. It has a strong alkaline action 
on reddened litmus. and turmeric. It is readily soluble in diluted acids, 

which it neutralizes, but its salts have not been crystallized, It is 
sparingly soluble in water, and combines with about a fourth of its 
weight of water to form a hydrate. This hydrate, and its aqueous solu- 
tion, become opaque when slightly heated, and again transparent on 
cooling. Exposed to air, conia soon becomes brown, and is slowly 
resolved into a resinous matter, with the disengagement of ammonia; 
heat accelerates this change, so that it requires to be carefully 
excluded’ from air. It readily distils over with water at 212°, but its 
boiling point is 370°, and it cannot be distilled, either alone or with 
water, without a considerable part being decomposed. It contains, 

according to Liebig, 66°91 carbon, 12:0 hydrogen, 828 oxygen, and 
12°8 nitrogen. 

Dr. Christison observes that conia is most abundantly obtained from 
the seeds, fully developed, but still green; even from these, however, the 
quantity is small; from 40 pounds he obtained two ounces and a half of 
hydrated conia; but it probably exists in the plant in larger proportion, 
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for much of it is always decomposed in the processes of separation, as is 
indicated by the evolution of ammonia. 

Geiger observed that the dried leaves of hemlock contain no conia, 
and that it is not to be found in many specimens of the extract, hence 
the discrepancies respecting its efficacy. According to Dr. Christison the 
extract becomes feeble or inert in two ways; either by having been over 
heated towards the end of the process, or by long keeping, exposed to 
air; in both cases ammonia is formed, and extracts well prepared at first, 
become inert in a few years. To ascertain if conia be present, the 
extract, or other preparation, may be triturated with solution of potassa, 
upon which the odour of conia, if present, is strikingly perceptible. The 
alcoholic extract of the ripe seeds appears to be most efficacious. Probably 
some salt of conia will prove to be the most effective and convenient 
form for its medical use. 

Conia is a deadly poison to every order of animals; it first palsies the 
voluntary muscles, then the respiratory muscles and the diaphragm, thus 
ending in death by asphixia.. The heart continues to act after other 
signs of life are extinct. ew poisons equal it in subtilty or swiftness; a 
drop put into the eye of a rabbit, killed it in nine minutes. 3 drops, 
in the same way, killed a strong cat in a minute and a half. 2 grains 
of conia, neutralized with hydrochloric acid, and injected into the femoral 
vein of a young dog, produced almost instant death: “in two seconds, or 
three at furthest, and without the slightest warning struggle, respiration 
had ceased, and with it all external signs of life.” 

Conia is probably combined in the recent plant with some vegetable 
acid, the nature of which has not, however, been ascertained. 


9. Aconita.—This is an extremely poisonous and active alkaloid, 
extracted from the aconite; it is probably contained in several species of 
that plant. The following directions for its preparation are given in the 
London Pharmacopeia: “Take of the root of aconite, dried and bruised, 
2 pounds; rectified spirit, 3 gallons; diluted sulphuric acid, solution of 
ammonia, purified animal charcoal, of each as much as may be sufficient. 
Boil the aconite for one hour with a gallon of the spirit, in a retort to 
which a receiver is adapted; pour off the liquor, and again boil the — 
residue with another gallon of the spirit, and with that which had dis- ~ 
tilled over, and also pour off the liquor. Let the same be done for a 
third time. Then press out the aconite, and having mixed all the 
liquors, strain them, and distill off the spirit. Evaporate what remains 
to the proper consistency of an extract. Dissolve this in water, and 
strain. Evaporate the liquor by a gentle heat, till it acquires the con- 
sistency of syrup. To this, add a sufficient quantity of dilute sulphuric 
acid, mixed with water, to dissolve the aconitina. Then drop in the 
solution of ammonia, and dissolve the precipitated aconitina in dilute 
sulphuric acid and water, mixed as before. Afterwards mix the animal 
charcoal, occasionally shaking the mixture during a quarter of an hour. 
Lastly, strain, and again drop in solution of ammonia to precipitate the 
aconitina, which is to be washed and dried.” 

Mr. Pereira states that this substance, as prepared by Mr. Morea 
presents the following properties, “It is a white, odourless solid, either 
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dull and amorphous, or somewhat sparkling, and apparently crystalline. 
As it is usually described as being uncrystallizable, I have carefully 
examined a supposed crystalline mass with the microscope, but I could 
not detect distinct crystals. The fragments appeared like thin plates of 
chlorate of potash, and though they varied greatly in shape, the triangular 
form seemed predominant. Heated in a tube, aconita readily fuses, and 
forms a pale amber-coloured liquid; and at a higher temperature decom- 
poses. Itis not volatile. Heated on platinum, or over a spirit-lamp, it 
is speedily and entirely dissipated. It is soluble in alcohol, ether, and 
the acids. From its acid solution it is precipitated by ammonia. A 
minute portion of it mixed with lard, and applied to the eye, causes 
contraction of the pupil, as I have repeatedly seen. Geiger and Hesse 
state that the aconitina which they obtained produces dilatation of the 
pupil. Mr. Morson’s aconitina is so powerful that one-fiftieth of a grain 
has endangered the life of an individual. It is the most virulent poison 
known, not excepting hydrocyanic acid.” 


£10. Diarrat1a.—Leroyer gives the following directions for the extrac- 
tion of digitalia: He takes “one livre of digitalis purpurea, and first treats 
it with cold ether, and then with the same agent heated in a close stove, 
in order that the temperature may be more easily raised. The tinctures 
obtained in this manner, were, after filtration, of a greenish-yellow colour 
and a bitter taste; the residue from their evaporation has a resinous 
appearance, and is insupportably bitter, producing upon the tongue a 
sensation of numbness like that which is experienced from chewing 
aconite. Hxposed to the air, this residuum powerfully absorbs moisture. 
When taken up by distilled water, it divides into two parts; the vehicle 
holds one of them in solution, the other is precipitated, and presents all 
the characters of chlorophylle; the aqueous solution of the ethereal residue 
reddens turnsol paper. Hydrate of protoxide of lead was then added to 
neutralize the free acid thus indicated, and to separate from the bitter 
principle that which is apparently combined with it. The salt of lead 
thus formed was soluble, and consequently could not be separated from 
the bitter principle; several earths were tried for the same purpose, but 
with no better success; it was therefore necessary to resort to another 
method. After evaporating to dryness the portion treated by the lead, 
it was again dissolved in highly-rectified ether; by this operation he 
obtained the bitter principle of digitalis disengaged from those substances 
with which it was united. By evaporating this solution a brown heavy 


‘substance is obtained, that restores, though slowly, the blue of turnsol- 


paper reddened by an acid. If in this last-mentioned character, as well 
as in its bitterness, it approaches the alkaloids, its extreme deliquescence 
Separates itfrom them.” This deliquescence prevents it from crystallizing 
in a distinct and permanent manner; but Leroyer thinks that it does 
crystallize regularly under favourable circumstances. Prevost having 
placed a drop of the solution of digitalia in alcohol on a piece of glass, 
and cautiously evaporated it by means of a spirit-of-wine lamp, detected 
with a microscope numerous and well-defined crystals of various forms. 
The same observer states, that the basic form of them all appeared to be 
a straight prism with rhomboidal base. 
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11. Detent1a.—This alkaloid was discovered, in 1819, by Lassaigne q 
and Feneulle, in the seeds of the Delphinium staphysagria, or Stavesacre, — 
(Ann. de Ch. et Ph., xii. 358.) The simplest mode of obtaining it is © 
that suggested by Berzelius: digest the bruised seeds in water acidulated _ 
by sulphuric acid, then add magnesia, collect and dry the precipitate, and _ 
digest it in alcohol, by which the delphia is taken up: it may be purified 
by boiling it in the state of sulphate, with animal charcoal, and preci- 
pitating by ammonia, which throws it down in a gelatinous form: obtained 
by evaporating its alcoholic solution, it is a crystalline powder, which 
becomes opaque when dried. 

Delphia, when pure, is very difficultly soluble in water at any tempe- 
rature: it is soluble in alcohol, and somewhat less so in ether. It hasa 
peculiarly acrid taste, and excites a burning sensation in the throat. Its 
salts are yery pungent and bitter, and most of them very soluble. Del- 
phia has been analyzed by Couerbe (Ann. de Ch. et Ph., tii. 359), with — 
the following results:— 

Couerbe. 
Carbon” “270 2 462 te ee 
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Couerbe discovered another principle in the stavesacre seed, which he 
has termed Staphisain: in ultimate composition it appears to resemble 
the alkaloids, but it is not salifiable. It is separable from delphia by the 
action of ether, in which it is insoluble. 


12. Corypatta.—This alkaloid was discovered by Wackenroder in 
the Corydalis tuberosa. (Phil. Mag. and Ann., iv. 153.) Itis contained 
in the plant, in combination with malic acid, from which it may be 
separated by magnesia, and purified by solution in alcohol. It forms 
prismatic crystals, soluble in alcohol and ether, but very sparingly so in 
water; it is tasteless, but its salts are bitter; they are decomposed by the 
alkalis, and by infusion of galls. 


13. SanauinartA.—The root of the Sanguinaria canadensis, or 
Blood root, contains, according to Dana (Phil. Mag. and Ann., y. 151), > 
an alkaloid, which may be separated as follows: the red alcoholic tine 
ture of the powdered root is mixed with a little ammonia, and poured 
into water; the matter which subsides yields the alkali to hot alcohol; 
it must be purified by animal charcoal. It is white, acrid, insoluble in 
water, but soluble in aleohol and ether, and alkaline to tests. Its salts 
have a red colour. ; 


14, Cynarra.—Under this name an alkaloid, obtained from the 
ZEthusa cynapium, has been described by Professor Ficinus, of Dresden. 
It forms prismatic crystals soluble in water and alcohol, but insoluble in 
ether: it is salifiable. | 


15. Eetixa.—This term implies the active or emetic principle of 
Ipecacuanha, from which it was procured by Pelletier and Majendie, in 
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1817. Boullay has since detected it in the root of the Violet (Viola 
odorata), and Torreri in the root of the Iris florentina. 

Emetina is obtained by digesting powdered ipecacuanha root, first in 
ether, by which a.fatty matter is abstracted (which gives ipecacuanha its 
nauseous odour, but which is not emetic), and then in alcohol; this 
tincture is mixed with magnesia, which throws down impure emetina: 
the deposit is washed with cold water, and redissolved in boiling alcohol, 
from which solution the emetina is obtained by evaporation or distilla- 
tion. LBerzelius proposes to digest the powdered root in dilute sulphuric 
acid, precipitate by magnesia, and separate the emetina by alcohol as 
before; but this process has not, I believe, been adopted. Emetine is a 
yellow uncrystallizable substance, of a bitter taste, fusible at about 125°, 
almost insoluble in cold water and in ether, but soluble in alcohol; it has 
an alkaline reaction, but its salts have not been satisfactorily crystallized. 
It is powerfully emetic. The French chemists have given the name 
Violine to the emetine of the violet root. According to Cayentou, the 


emetic action of emetine is prevented by infusion of galls, and the gallate 
of emetina is insoluble*. 


§ XIX. CRYSTALLIZABLE AND OTHER PrincrpLes Not SALIFIABLE, BUT 
IN SOME RESPECTS ANALOGOUS TO THE ALKALOIDS. 


‘J. Sanicin. (4 car +29h-+220.)—This substance was extracted, in 
1830, from the bark of the willow (Salix helix), by M. Leroux. It 
exists in several species of willow; and, according to Braconnot, in the 
bark of the poplar, especially the Populus tremula (Populin?) 

It is obtained by adding subacetate of lead to a decoction of willow- 
bark, as long as a precipitate falls, filtering, boiling with chalk, filtering 
a second time, and evaporating the solution, when the salicin crystallizes. 

Salicin forms white prismatic crystals, fusible below 212°, and not 
losing weight at 300°, of a bitter taste, insoluble in ether, sparingly 
soluble in cold, but readily so in hot water and alcohol; it is neither acid 
nor alkaline; with sulphuric acid, it acquires a deep red colour. 

When salicin is boiled in dilute hydrochloric or sulphuric acid, a 
white powder is formed, termed by Piria Saliretine, and at the same time 
grape sugar is produced, the decomposition being such that 1 atom of 
salicin (42 car +2h-+:220) is converted into 1 atom of saliretine= 
(30 car +-15h +8 0), and 1 atom of grape sugar = (12 Car +14 A+ 140). 

When chlorine is passed through a cold aqueous solution of salicin, a 


-erystalline yellow powder is deposited, readily soluble in hot alcohol, but 


F * Several analyses have been made of | woody fibre which traverses its centre, 
different species of ipecacuanha (and | afforded 
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ie 
difficultly in water; it has been called Chlorosalicine ; its ultimate consti- — 
tution is such, that it may be represented as salicin, in which 4 equi-_ 
valents of hydrogen are replaced by 4 of chlorine, its formula being 
(2Car +25h+4¢ +220). When chlorine is passed into a solution of — 
salicin heated to 140°, a heavy oily compound is formed, which contains 
more chlorine and less oxygen than the preceding, its formula being 
(2car+ish+7 C+180). . 


SaricuLe.—Piria (Ann. de Ch. et Ph., uxtx. 281) found a peculiar acid 
amongst the products of the decomposition of salicin, which he regarded 
as a hydruret of salicule, and Ettling afterwards showed that this product 
is identical with the essential oil of the flowers of the common meadow- — 
sweet (Spirwa ulmaria) which had been called hydruret of spiroyle, and 
that in ultimate composition both salicule and sptroyle (the bases of these 
hydrurets) may be regarded as oxide of benzule, containing 1 atom more 
of oxygen than the anhydrous benzoic acid. 

These analogies will be evident from the following formule :— 


Benzule. : : : 5 : (4CALr +5 A+: 0) 
Benzoic acid ; ; : : . (ucar +5h+30) 
Salicule (and spiroyle) . : : (14CQYr + 5 h+40) 
Hydruret of salicule (and oil of spirea) . (41Car +5 h+so0)+h. 


Whence it appears that the hydruret of salicule and the volatile oil of 

spirea (which are acids, and combine with bases) are isomeric with 

the hydrated or crystallized benzoic acid, the formula of which 1s 

(14CaAr +5 h+3 0)+ (h+0). The term saliculous acid has been — 
applied to the above hydrurets, and the saliculites are obviously isomeric 

with the benzoates, but differ from them in their properties. 


Saticutous Acip. Hypruret or Saticute. HyYpRvuRET or Spi- 
ROYLE. More properly hydrosaliculic acid, represented by the formula 
(ucar+5h+40)+h.—Obtained, 1. By distilling a mixture of 2 parts” 
of bichromate of potassa, 2 of salicin, 5 of sulphuric acid, and 40 of 
water. The salicin is dissolved in the diluted acid, and the whole mixed — 
in a retort, when slight effervescence ensues, from the formation of 
carbonic acid and of formic acid; distillation is then commenced, and the - 
saliculous acid passes over with the water; it is purified by washing and 
distillation off chloride of calcium; (8 ounces of salicin give 2 of the acid.) 
(Pirta.) 2. Distil the volatile oil of the Spiraa ulmaria with excess of 
solution of potassa, as long as oil passes over; supersaturate the residue 
(which is solution of saliculite of potassa) with dilute sulphuric acid, 
and redistill, when the saliculous acid passes over with the water. 
(PAGENSTECHER. ) ; 

Saliculous acid thus obtained is a pale yellow, oily, inflammable 
liquid; sp. gr. 1-173, boiling at 370°, and freezing at —4°. It has an 
acrid taste, an agreeable odour, is somewhat soluble in water, and in all 
proportions in alcohol and ether; it first reddens and then bleaches — 
litmus; sulphuric acid decomposes it; in contact with chlorine and 
bromine, it loses 1 equivalent of hydrogen, forming hydrochloric and 
hydrobromic acids, and acquires 1 of chlorine or bromine, producing 
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chlorosaliculic and bromosaliculic acids. Treated with excess of hydrate 
of potassa it gives off hydrogen, and saliculic acid is formed. 

Saliculous acid combines with metallic oxides, in which case its 
hydrogen is replaced by the metal, or it loses an atom of water, which is 
replaced by the metallic oxide. Its salts, with the fixed alkalis, are 
soluble and alkaline, the other salts are insoluble; it transiently colours the 
persalts of iron purple, and gives a green precipitate with acetate of 
copper. All the saliculites are decomposed, and saliculous acid evolved 
by the stronger acids. (See Liesic, and the authorities quoted, for an 
account of the saliculites.) 


_ Saticunic Acip is the result of the action of potassa on saliculous 
acid; the mixture is at first brown, but when heated evolves hydrogen and 
becomes white; it is then dissolved in water, and treated by a mineral 
acid, which separates the saliculic acid, and which must be purified by 
repeated crystallization. It sublimes without decomposition, forming 
acicular crystals like those of benzoic acid, difficultly soluble in cold 
water, but easily in hot water and in alcohol. Its formula, when 
anhydrous, is (14 car+sh+s 0). With nitrate of silver it yields an 
insoluble saliculate of silver, the formula of which is (144Car +5h+5 0)+ 
(ag +0). 

2. Puiorizin.— This term (derived from drotos, bark, and pga, 
rool,) has been applied to a crystallizable substance extracted from the 
bark of the roots of the pear, plum, cherry, and apple trees; it gives them 
their bitter astringency, and is associated, especially in the cherry-root 
bark, with a peculiar red colouring matter; it is also found, but in very 
small quantity, in the bark of the trunk and branches, and even in the 
leaves. It is obtained by boiling the bark recently stripped from the 
roots of the apple tree for four or five hours in water sufficient to cover 
it, then pouring off the decoction, and suffering it to stand at rest for 
twenty-four or thirty-six hours, when a large quantity of coloured phlo- 
rizin is deposited in the form of granular crystals, which may be dis- 
coloured by treatment with animal charcoal. Or the bark may be 
digested for seven or eight hours in proof spirit, at a temperature between 
120° and 140°, which, on cooling, yields whiter crystals, and a second 
_ crop may be obtained from the mother liquor. Care must be taken to 
avoid acid and alkaline liquors, and vessels of lead or iron. 

Phlorizin forms groups of colourless or yellowish crystals, of a 
sweetish bitter astringent taste; its sp. gr. is 1°4293. It is difficultly 
soluble in cold water, requiring about 1000 parts at 32°, but boiling 
water dissolves it in all proportions, so that it is easily obtained in a 
crystalline mass by cooling a saturated solution; it is more soluble in 
cold alcohol, and water throws it down in crystals from its alcoholic 
Solution. It is sparingly soluble in ether at all temperatures. These 
‘Solutions have no alkaline reaction. In its ordinary state it contains 
about 7 per cent. of water, which it loses when dried at 212°. At 349° 
it enters into perfect fusion, and at 388° it begins to be decomposed, 
producing a little benzoic acid, which sublimes, together with pyroacetic 
Spirit, carbonic acid, and a brown oil; the residue is charcoal. If sud- 
denly heated to between 400° and 500°, it fuses into a yellow transparent 
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substance, and loses its property of crystallizing, and if the heat be con- 
tinued, its physical and chemical properties are further changed. When 


dry, it is immediately decomposed and charred by sulphuric acid; nitric 


. 


acid converts it into oxalic acid, and dilute nitric acid gradually changes — 


it into a yellow matter resembling the colouring matter with which it is 
originally associated in the bark. Hydrochloric acid converts it into a 
red insoluble matter.- Acetic acid dissolves it, and the alkalis throw it 
down unaltered. Chlorine yields a white precipitate in its aqueous 
solution. 

Phlorizin is soluble in the caustic alkaline solutions, and the acids 
precipitate it. Persulphate of iron renders the solution of phlorizin dark 
brown; subacetate of lead occasions an abundant precipitate, which, when 
dry, is pale yellow; the compound may be called phlorizate of lead. It 
is not precipitated by neutral acetate of lead, chloride of mercury, or 
nitrate of silver, nor by gelatin or albumen, Its ultimate components are, 
according to Koninck (14 Ca? + 9h+90). (Ann. de Ch. et Ph., uxi. 151.) 
The phlorizate of lead consisted of 57:26 oxide of lead, 42°74 phlorizin; 
numbers which are equivalent to 2 atoms of oxide of lead +1 phlorizin. 


But Stass (Ann. de Ch. et Ph., uxix. 367) has added some important — 


information to the history of this substance, and his ultimate analysis is 
very different from that of Koninck. According to Liebig, in com- 
position, as-well as properties, it is closely connected with salicin; he 
represents it as crystallized salicin+-2 atoms of oxygen, by the formula 
(42 car +29h+:2:0). Boiled with dilute sulphuric or hydrochloric acid, 
it yields grape sugar and phloretine: moistened with ammonia and 
exposed to air, it absorbs oxygen and becomes blue, and if then dissolved 
in ammonia, the solution yields a red powder on addition of acids, which 
is the substance called by Stass phlorizeine, the formula of which is 
(2 car +29h+20+2N). 


3. Pirertn.—This substance was discovered by Oersted, in 1819 
(Journ. de Phys., xc.), and afterwards examined by Pelletier; it is 
obtained from black pepper. (Ann. de Ch. et Ph., xvi.) Vogel gives 


the following process for its extraction: Digest 16 ounces of coarsely+ — 


powdered pepper for forty-eight hours in twice its weight of water, five 
times in succession; press out and dry the insoluble portion, and digest it 
for three days in 24 ounces of alcohol; press out this solution, filter, and 
evaporate it to the consistence of syrup: crystals are deposited, which are 
to be freed from adhering resin by ether, redissolved in alcohol, purified 
by ariimal charcoal, and recrystallized. im 
Piperin is a crystallizable substance, generally of a pale straw colour, 
and in the form of four-sided prisms, insoluble in cold, and slightly 
soluble in hot water; readily soluble in alcohol, and less so in.ether. It_ 
fuses at a little above 212°. It dissolves in, but does not combine with, 
the acids: dissolved in acetic acid, it is left, on evaporation, in plumose 
_ crystals. It consists, according to Gobel, of 80:95 carbon, 8°13 hydrogen, ~ 

and 10-92 oxygen. 


4. Asparacin.—This principle was discovered in asparagus, by 
Vauquelin and Robiquet (Ann. de Ch., tvii.); and was shown by Plisson 
to be identical with a substance found by Robiquet in liquorice roof, 
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which he named Agedoite (Ann. de Ch., Lxxii.), and also with the 
Althein, discovered by Bacon, (Ann. de Ch. et Ph., XXxxiv.) It has been - 


_ found by Link in the Ornithogalum, and by Blondeau i in the Symphytum 


officinale. 

It is best obtained from asparagus, the juice of which is expressed, 
evaporated to the consistency of syrup, and set aside; it deposits crystals, 
which are purified by solution in water and recrystallization. 

Asparagin forms transparent prismatic crystals, which are hard, 
brittle, of a cooling and somewhat nauseous taste, neither alkaline nor 
acid; soluble in 58 parts of cold water, and more soluble in hot; insoluble 
in anhydrous alcohol, and in ether. The crystals lose about 12 per cent. 
of water when aarne they evolve ammonia when triturated with caustic 


_ potassa, and nitric acid converts them into a bitter matter. According 


to Liebig, anhydrous asparagin consists of 
Liebig. 
Carbon © 60 26 ee) Bis AB ke BOA. 0 86°F4 
Hydrogen alstiay: Svs itace ee Bs eel fs GD: pedieshenl G4 
eS iy tik EO NA, ec SO ye GOOD 
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Anhydrous asparagin 132 100-0 100°00 


The crystals include 2 atoms of water. 


Aspartic Acip.— When asparagin is long boiled with hydrated oxide 
of lead, magnesia, or other bases, it is resolved into ammonia, and into a 
new acid, called the aspartic acid; and yet asparagin is not, as might be 
supposed, an aspartate of ammonia, because the alkalis do not imme- 
diately separate ammonia from it, nor do acids throw down aspartic acid 
when added.to its aqueous solution. 

When the aspartate of lead is decomposed by sulphuretted hydrogen, 
the aspartic acid is separated in the form of a white crystalline powder, 
consisting of 1 atom of anhydrous acid and 2 of water. The anhydrous 


aspartic acid consists of 
Liebig. 
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Anhydrous aspartic acid 115 100°0 100°00 


Hence we see that 1 atom of anhydrous asparagin = 132, contains the 


elements of 1 atom of aspartic acid =115, and 1 of ammonia =17: or 


Asparagin; Aspartic acid, Ammonia, 


(scar+sh+460+2n) = (ecar+sh+60+n) +(3h+N). 


5. Darunin.—The existence of an acrid crystallizable principle in 
mezereon (Daphne mezereon), was first shown by Vauquelin (Ann, de 
Ch., uxxiy.), and afterwards its properties were further examined by 
C. G. Gmelin and Bir, in 1822. <A decoction of mezereon bark is pre- 
cipitated by subacetate of Jead, and the washed precipitate decomposed 
by sulphuretted hydrogen: the solution is then filtered, evaporated, and 
the residue digested in cold anhydrous alcohol, from which daphnin 
crystallizes, leaving malic acid and colouring matter. 

4 M2 
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Daphnin, purified by washing with cold alcohol, solution in water, 
and recrystallization, forms colourless crystals, bitter, but neither 
alkaline nor acid; soluble in hot, and sparingly in cold water, soluble in 
alcohol and ether, converted into oxalic acid by nitric acid, and fusible 
before it decomposes by heat. enna 


ee 
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6. Carrein.—Coffee has been the subject of many chemical researches, 
and in 1821 a peculiar crystallizable principle was extracted from it by 
Pelletier and Caventou, and by Robiquet and Runge, previous to which, 
Schrader had published an analysis of coffee beans, of which the following 
is an abstract. (Berzetius, Lehrbuch, iv.) Ue found that 8 ounces of 
raw coffee distilled with water, gave a turbid and odorous distilled water, 
but the quantity of oil which probably produced.-these effects was too 
small to collect. The decoction in the retort was filtered, and was then 
of a yellow green colour: it was evaporated to syrup consistence, and 
mixed with alcohol, sp. gr. 0°85, as long as this. occasioned a precipitate. 
The filtered solution was then evaporated, and. left 17°58 per cent of a 
brown transparent extract, (Gmelin’s coffee-bitter,) soluble in water, 
and having the characteristic bitter taste of the raw coffee bean. It is — 
insoluble in ether and in absolute alcohol, and sparingly soluble in 
alcohol of 0°84, but its aqueous solution is not precipitated by alcohol. 
It is not altered by dilute acids or alkalis; the last deepen its colour, 
and lime water precipitates it of a green colour: the salts of iron produce 
with it a grass green colour, and a dark green precipitate falls, soluble 
in excess of acid. When an alkali is added to its solution, previously 
mixed with a salt of copper, a fine green precipitate falls, which, carefully 
prepared without excess of oxide of copper, may be used as a pigment. 
Acetate of lead precipitates it yellow green, and protochloride of tin, 
eray; and when these precipitates are decomposed by sulphuretted 
hydrogen, the extractive is evolved unchanged. Itis neither precipitated 
by gelatine nor by infusion of galls. It yields ammonia on destructive — 
distillation, and a crystallized sublimate. 

The substance precipitated by the addition of alcohol to the original 
decoction of the coffee, was a mixture of 3°6 per cent. of brown gum, 
and 37 pulverulent extractive. The coffee beans also contain resin, and 
a fat oil, which. may be extracted by alcohol.. The insoluble residue 
constituted two thirds of the weight of the beans. When burned, 
coffee beans leave 4 per cent. of ash, consisting of carbonate of potassa, 
(the base of which was combined with a vegetable acid,) sulphate of 
potassa, chloride of potassium, carbonate and phosphate of lime, mag- — 
nesia, and the oxides of iron and manganese. 

The crystallized sublimate alluded to by Schrader has since become 
the subject of separate examination; it is the caffein of Pelletier and 
others, and was first obtained by Runge in 1820. There are various” 
methods of obtaining it, and it may be procured in considerable quantity 
by those who roast large quantities of coffee; it sublimes in a very 
impure form, but is easily deprived of its adhering impurities. The 
process generally recommended for its preparation is that of Runge; it 
consists in making a strong aqueous infusion of ground raw coffee, adding — 
to it a solution of sugar of lead, which occasions a green precipitate, and 
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leaves the supernatant liquor colourless; the excess of the salt of lead in 
this liquor is then precipitated by sulphuretted hydrogen, it is filtered, 
and evaporated; the caffein remains, and must be treated by animal 
charcoal to whiten it, and recrystallized. 

Caffein forms white silky crystals, soluble in boiling water and 
alcohol, and deposited in crystalline filaments as these solutions cool; it 
has no alkaline reaction, nor does it saturate acids ; it is, therefore, not 
an alkaloid; yet it resembles those bodies in ultimate composition, con- 


sisting, according to Pfaff and Liebig (Ann. de Ch. et Ph., xix. 303), of 


Carpon 970 70! Beg 48 . . 49°5 
Tydrocenty he" ge. Oe, fee oe 
Oxygen . , 2. . 16 165 
Nitrogen , . 2 eM 2E aie a “289 
Caffein 1 97 100°0 


Roasted Coffee——According to Cadet (Ann. de Ch., Lvili.), coffee 
roasted to a pale brown colour loses 12°3 per cent.; to a chestnut 
brown, 18°5 per cent., and to a black, 23-7 per cent. So that the loss 
of weight in coffee roasting may be estimated at about 12 to 20 per cent. 
Schrader found, in roasted coffee, 


Extractive matter soluble in water and alcchol, closely eo 


bling that of raw coffee, but browner and deliquescent va8 
Brown gum . ‘ : : : : : ‘ ‘ 10°4 
Extractive, soluble in water, but insoluble in alcohol. j Ey | 
Oil and resin . , ° é , ‘ ‘ ee. 02.0 


Insoluble burned woody fibre : ‘ ‘ : ° : 69:0 


99°6 
When roasted coffee was distilled with water, the aroma passed over; 


the distilled water reddened litmus, and had the agreeable odour of the 
coffee. When raw coffee is so roasted as to collect:the volatile products, 


a portion of fragrant empyreumatic oil passes“ over, which, in the 
ordinary mode of roasting, is lost. According to Chevenix, (Tilloch’s 
Magazine, xii. 350,) a portion of tannin is formed during roasting; and 
Cadet states, that the greatest proportion of tannin is contained in slowly 
and slightly-roasted coffee, and that, when it is very brown or black, its 
proportion is much diminished, This product, however, probably 
depends much upon temperature, for Payssé, Schrader, and Runge, 
assert that gelatine is not precipitated by an infusion of roasted coffee. 
Schrader endeavoured to ascertain the particular principle to which the 
flavour and aroma of roasted coffee are due, by exposing each of the 
proximate principles of unroasted coffee ‘separately to heat; but he 
found that no one of them yielded any peculiar flavour, and that the 
ligneous residue, when roasted, acquired.as much of the characteristic 
flavour as when the other principles were retained; so that the flavour of 
roasted coffee must be ascribed to the joint effect upon all the constituents: 
the caffein seéms to play a very passive part as far as flavour is concerned, 
and a considerable proportion of it remains unchanged after roasting, 
whilst another part of it is merely volatilized. 

The flavour of coffee as a beverage depends, in the first place, upon the 


roasting, and, in the next, upon the mode of making the infusion; the 


coffee should be rapidly but well roasted, and it is said to be improved by 
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roasting it in a close vessel; it should be aired and ground into fine 
powder immediately before use; it is sometimes doled, and sometimes — 
infused; in the former case, the coffee “is darker coloured, more bitter, 
and has more of an acid flavour than when infused, and the infusion in ~ 
a close vessel ig more aromatic than that in an open one, especially when ~ 
the coffee-pot is so managed as to steam the powder. The pleasantest — 


flayour is obtained by placing a sufficient quantily of finely-ground and 
freshly-roasted coffee upon a filter, (very coarse filtering paper in a funnel 
answers very well,) and pouring boiling water upon it so as to filter 


eae Pe ee ET tae Ee ere ae Loe 


quickly into the vessel benéath. When coffee 1s made by boiling it is — 


apt to be thick, unless fined by the addition of a little white of egg, or 
isinglass, which probably. carries down the tannin. In Parker's Coffee 
Fountain, a stream of boiling water is forced through a cylindrical vessel 
containing the ground coffee, by the pressure of steam; it affords excellent 
coffee, when properly managed. 


7. CATHARTIN.—Lassaigne and Feneulle, in their analysis of senna- — 


leaves (Jour. de Phar., x. 59), obtained from them a little volatile oil, — 


haying the nauseous odour of the infusion of senna. A cold infusion of 


-genna contains vegetable albumen. From a decoction of senna preci- s 


te ORY 


pitated by acetate of lead, decomposed by sulphuretted hydrogen, and — 
subjected to the action of several other solvents, they obtained a bitter | 


purgative principle, which they called cathartine; but, from the com- 


plexity of the process, it seems doubtful how far the product is to bes 
regarded as a real proximate principle of senna: the whole subject requires — 


revision. The effects of various reagents upon an infusion of senna, are 
detailed by Mr. Batley in the London Medical Repository. (xy. 169.) ~ 


8. CoLocyntTIn, or the purgative principle of the pith of coloquintida 
was extracted by Vauquelin from that substance by the action of alcohol, 


which left on evaporation a resin-like matter, difficultly-soluble in water, 
readily soluble in alcoho], and in acids and alkalis, and eminently bitter — 


and purgative. 


9, Exatin.—The fruit of the wild cucumber (Cucumis elaterium) 
furnishes a very acrid juice, which deposits the powerful cathartic known 


under the name of elaterium. 'This substance occurs in commerce in 
thin cakes of a greenish colour and bitter taste; it derives its cathartie 
powers from a small portion of a very active principle, which Dr. Paris 
has called Elatin. (Pharmacologia.) From 10 grains of elaterium, he 
obtained, , 
Water . ° . . - 0-4 
Extractive . : ; ° 2°6 
Fecula . . : . ~ 28 
_ Gluten . : : : 0°5 2 
Woody matter : ‘ » 2 is 
Elatin : 
_ Bitter vitts sagt} ie 
| 10:0 ef 
By boiling elaterium in alcohol, distilling off the greater part of tl 
solvent, and setting the remainder aside to evaporate spontaneously, Mr. 
Hennell obtained a green resin, in which the purgative quality resides, 
and a crystallized substance; he separated these by the action of ether, 


RHABARBARIN, RHEIN. RILAPONTICIN. 1239 
which took up the resin and left the crystallized product; the latter was 
purified by solution in hot alcohol and crystallization: it was nearly 
insoluble in water and in ether, but soluble in hot alcohol, bitter, fusible at 
about 350°, neither acid nor alkaline, and composed of 36° 9 carbon, 23°9 
hydrogen, ati 39:2 oxygen percent. In elaterium, Hennell found 40 per 

cent. of the crystallizable matter, and 21 of the purgative resin, the residue 


being lignin, starch, and earthy ‘matter. (Jour, R. Inst., N.S., 1.532.) 


10. RuasarBarin.—The purgative principle of rhubarb is stated by 
Nani, of Milan, to be an alkaloid, but the details of his experiments have 
not been given. (Quart. Jour., xvi. 172.) 

The root of rhubarb eas palmatum), as it occurs in commerce, has 
been examined by Schrader and myself with the following results. 


‘Water . : : 82 Resin . ; . 2°8 
Cm. ss : » 31:0 Rhabarbarin ‘ 24°0 
Resin 100 Mucilage . 14°8 
Extract, Tae and Gallic acid 26:0 ‘Woody fibre é 4 47°0 
Phosphate of lime . 2°0 Oxalate of lime : 9°60 
“Malate of lime . . 65 Loss. pate : 2°4 
Woody fibre. : - 163 


eeatty (ScHRraDER, Gmelin’s Handb.) 100°0 
(BranDE, Quar.Jour.,X.291) 100°0 
11. Ruew.—When | part of powdered rhubarb is gently heated with 
8 of nitric acid, specific gravity 1°37, and the liquor evaporated to the 
consistence of syrup, and diluted with cold water, an orange-coloured 
powder is deposited, which M. Vaudin has termed Rhein; it is inodo- 
rous, bitter, sparingly soluble in cold water, soluble in alcohol, ether, and 
boiling water, reddened by the alkalis, and rendered paler by the. acids. 
It is stated not to be a product, but to pre-exist in rhubarb, and to be 
extracted from the root by ether: it requires re-examination. 


12. Ruaponticin is a substance obtained from the Rheum rhaponti- 
cum, in the form of yellow scales, inodorous, insipid, and insoluble in cold 
water; soluble in 24 parts of boiling water, and in 2 of anhydrous 
alcohol. (Hornemann.) 


13. Gentranin.—This principle has been extracted by the following 
process from the root of the Gentiana lutea*, by Henry and (haieat ate 
(Masenpir’s Formulary, translated by Gregory.) 

- “Treat powdered gentian with cold ether, which in forty-eight hours 


* Many other bitter substances have 
been described as distinct proximate 
principles, but their title to that character 
is so doubtful, that I have here omitted 
their enumeration. They generally par- 
take of the above-described characters 
either of gum, resin, or extractive. 
Hops contain a bitter extractive matter, 
which has been termed /upulin, a name 
first applied by Dr. Ives, of New York, 
to the pollen, or condition of the hop, 
which consists of 36 resin, 12 wax, 11 
bitter extract or Jupulin, 5 tannin, 10 
extractive insoluble in alcohol, and 46 
insoluble residue. (See also Payen and 


CHEVALLIER, Jour. de Pharm, viii. 216.) 
Some of these bitters have been alluded 
to above. 

Bryonin, obtained by Vauquelin and 
Brandes from the Bryonia alba; cytisin, 
from the Cytisus laburnum, by Cheval- 
lier and Lassaigne; sci/litin, from the 
Scilla maritima, by Vogel; senegin, from 
the Polygala senega, by Gehlen ; saponin, 
from the Saponaria officinalis; guaranin, 
from the fruit of the Paullinia sorbilis, by 
Martius; Columbin, from Calumba root, 
are a few of the active principles of plants 
which have been regarded as distinct 
proximate components. Among the in- 
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furnishes a greenish yellow tincture; this being filtered, poured into an 
open vessel, and exposed to heat, passes on cooling, (if the liquor be | 
sufficiently concentrated,) into a yellow crystalline mass, with the odour 
and taste of gentian very powerfully developed. This mass is to be 
treated with alcohol, until it ceases to yield a citroncolour. The washings 
are then to be united and exposed to a strong heat, when the crystalline 
substance reappears and concretes towards the close of the evaporation 
into a mass which is exceedingly bitter. This, taken up again by weak 
alcohol, is dissolved, with the exception of a certain quantity of oily 
matter. The last spirituous solution, besides the bitter principle of gen- 
tian, contains an acid substance and the odorous matter also. 

“‘ By evaporating this liquid to dryness, washing the residue in water, 
adding a little calcined and well-washed magnesia, boiling, and evapo- 
rating in a water bath, the greater part of the odorous matter of the 
gentian is dispersed, the acidity is removed by the magnesia, and the 
bitter principle remains partly free and partly combined with the mag- 
nesia, to which it imparts a fine yellow colour. On boiling this magnesia 
with ether, the greater part of the bitter principle is obtained, which may 
be isolated and rendered pure by evaporation. If it be desired to sepa- 
rate the greater part of the bitter principle that remains in the magnesia 
in a fixed state, and which could not be taken up by the ether, we may 
treat it with oxalic acid in sufficient quantity to produce slight acidity. 
The acid seizes upon the magnesia, and sets the bitter principle at liberty, 
which may be recovered in the manner already described. « 

“Gentianin is yellow, inodorous, possessing in a powerful degree the 
aromatic bitter taste of gentian, which is very much increased by solution 
in an acid. It is very soluble in ether and alcohol, and separates by 
spontaneous evaporation under the form of delicate crystalline needles of a 
yellow colour. It is much less soluble in cold water, which it renders not- 
withstanding very bitter; boiling water more readily dissolves it. Diluted 
alkalis heighten its colour very much, and dissolve alittle more of it than — 
water. Acids diminish its yellow colour in a very remarkable manner. 
With sulphuric and phosphoric acids the solution is almost colourless; but 
with the weaker acids, such as acetic, it is still yellowish. Concentrated 
sulphuric acid carbonizes it and destroys its bitterness. Exposed in a 
glass tube to the heat of boiling mercury, gentianine sublimes in the form- 
of small yellow crystalline needles, and is partially decomposed. It has 
no sensible effect on turnsole, either when blue or reddened by acids. It 
is apparently neutral,” 


14. Tuern.—According to Oudry, tea leaves contain a peculiar prin- 
ciple, (salifiable base?) which he says may be separated as follows (BER- 
zELIUS, Lehrbuch, iv.): 12 parts of tea were infused for twenty-four hours 
in 200 of cold water, in which 3 of common salt were dissolved. The 
infusion was evaporated to dryness, and the residue digested in alcohol of 


vestigations of this kind, those relating | parillin and smilacin of Pallotta and Folchi 
to sarsaparilla seem to hold out promising | I have not been able to identify. The 
results, for there are peculiarities belong- | systems of Berzelius and Gmelin may be 
both to the chemical and medical pro- | consulted for abstracts of what is known 
perties of the root, which will probably | upon the above subjects. 

be traced to a distinct substance. The 
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0-81; the residue of this alcoholic tincture was then dissolved in water, 
and digested with magnesia, and filtered. On evaporating the filtered 
liquor to a certain degree of concentration, crystals of ‘hein were obtained, 
and the magnesian residue, digested in alcohol, yielded a further portion. 

Thein requires 30 to 40 parts of water at 50° for solution, and cry- 
stallizes irregularly on evaporation. When heated, it first fuses and is then 
decomposed. It has no alkaline properties to tests, but it forms crystal- 
lizable compounds with sulphuric and with citric acid. Berzelius observes 
that these statements require corroboration. 

Some years ago I examined the varieties of tea in common use (Quar- - 
terly Journal, xii. 201), and found that the quantity of astringent matter 
precipitable by gelatine is somewhat greater in green than in black tea, 
though the excess is by no means so great as the comparative flavours of 
the two would lead one to expect. The entire quantity of soluble matter 
is also greater in green than in black tea, but the extractive matter not 
precipitable by gelatine is greater in the latter. 

The following table shows the respective quantities of soluble matter 
in water and in alcohol, the weight of the precipitate by isinglass, and the 
proportion of inert woody fibre in green and black tea of various prices. 
It is given, not as throwing any important light upon the cause of the 
different qualities and effects of tea, but as containing the results of actual 
experiments. It will be remarked, that when tea-leaves have been 
exhausted by water repeatedly affused, alcohol is still capable of extracting 
a considerable quantity of soluble matter: the alcoholic extract, infused 
in boiling water, furnishes a liquid which smells and tastes strongly of 
tea, and which, were it not for the expense of the solvent, and the trouble 
attending its separation, might perhaps be profitably employed. 


Solublein Solublein Precipitate Inert 


One hundred parts of Tea. Water. Alcohol. with Jelly. Residue. 

Green Hyson . 14s. per lb. Ale) oy 44° gat eel Se a ee ae 
“ 12s. 9 Seite, « 4B. oy oh Oke te ee Ay 
a 10s. 9 O0r a. | 43 9 et oO een 
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_ Black Souchong 12s. og SOs. +t 36... «SE Some Gd 
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§ XX. Pants or Puants. 


I swauu include in this section a short notice of the chemical com- 
ponents of some of the parts of plants useful in medicine and the arts, 
and which I have not elsewhere noticed. The third volume of Brrzr- 
uius Lehrbuch (German or French translation), and the article on Che- 
mical Botany in Lrorotp Gmeuin’s Handbuch (vol. iv.), may be referred 
to for further details. 

1. Roots.—Allium sativum, and Allium cepa. Garlic and onions have 
been but imperfectly examined. They both yield, on pressure, a juice 
strongly odorous, and which reddens on exposure to air, and is acid; they 
yield a volatile oil on distillation, and onions afford mannite (p. 1082). ” 
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Amomum curcuma, or Curcuma longa. Turmeric root, as a colouring — 
material, has been above noticed (p. 1118). It contains, according to 


John, 1 yellow volatile oil, 12 resin like gamboge, 14 gum, 57 lignin. 
Turmeric is cultivated in the East Indies, and used as a condiment, espe- 
cially in Curry powder. Digested in water or alcohol, it furnishes a 
large proportion of yellow colouring matter. Most of the acids render 
it paler, and the alkalis change it to a deep brick-red; hence its use asa 
test of the presence of alkaline matter. Itis also reddened by boracic. acid, 
and by hydrochloric acid gas. Some of the peculiarities of the colouring 
principle of turmeric have been noticed by M. Desfosses (Ann. de Ch. et 
Ph., xvi. 75), and by Mr. Faraday (Quar. Jour., xi. 403). 

Amomum zinziber. (Bucnoiz.) Ginger ital contains 1:56 volatile 
oil, 3°6 acrid resin, 10°5 acrid and sourish extractive, 12°5 gum, 19°75 
starch? 8:3 mucilage, 26 extractive, 8 lignin, remainder water and loss. — 

Angelica archangelica. Essential oil and fragrant aromatic resin 6°7, 
bitter extract 125, gum 33°5, inulin 4, matter soluble in alkali 7:3, 
lignin 30, water and loss 6. (Joun.) 

Anthemis pyrethrum. The stimulating power of this root upon 
the salivary glands is due to its soft resin: It contains traces of 


volatile oil, soft resin 5, yellow extractive 14, gum 11, inulin 33, lignin ~ 


35. (GAvTIER.) . 
Aristolochia serpentaria. Volatile oil 0°5, yellow soft resin 2°85, 
extractive 1:70, saponaceous gum 18°10, lignin 62°4, water and loss 14:5. 
(Bucnouz.) 
Asarum europeum. In the root Lassaigne and Feneulle found a ery- 


ty > SS . » 
wast _ 
Ln eee -— 


stallizable volatile oil, somewhat resembling camphor. It hasbeen called _ 


asarin. 

Aspidium filix mas. Male fern-root contains, according to Morin, a 
trace of volatile oil, fat oil, sugar, starch, tannin, pectine, malic and gallic 
acids combined with'lime and ‘potassa, phosphate of lime, and lignin; its 
ashes yielded silica, alumina, and oxide of iron. 

Berberis vulgaris. The root yielded 2°55 of brown colouring matter, 


precipitable by acetate of lead; 6°62 of a fine yellow extract (dye-stuff),. 


not so thrown down; gum 0°35, starch 0:2, oil 0°4, soft resin 0°55, lignin 
55°4, water, earthy and alkaline salts, &c., 35. 

Beta vulgaris. Common beet-root. (See pp. 1081 and 1098.) 

Brassica rapa. .Turnips. (See p. 1098.) 

Bryonia alba. Bryonin has been above adverted to. According to 
Brandes and Firnhaber the root contains, bryonin and a little sugar 1:9, 
resin and a little wax 3°4, mucilage, gum, starch, and pectine 29-4, albu- 
men 6:5, extractive 1°7, lignin 15°25, water 20. 

Calicocca, or Cephaelis ipecacuanha. Ipecacuanha root has been 
examined by MM. Pelletier and Majendie, and an account of their 
researches is published by M. Robiquet, in the Ann. de Ch. el Ph., tv. 
172. 100 parts of this root, deprived of the woody fibre which traverses 
its centre, afforded, fatty matter 2, emetina 14, gum ‘16, starch 18, woody 
fibre 48, a trace of wax, loss 2. The means of separating the eme(vc 
principle have already been described. (See p. 1231.) 
 Cichorium intibus. Succory-root is much used in Germany and else- 


where, when roasted, as a substitute for coffee: it has not been satisfac- 
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torily analyzed. According to Juch it contains 0°25 bitter extractive, 
0°03 resin, traces of sugar, and the rest lignin. 

Cochlearia armoracia. Horseradish. Winhof obtained from 4 pounds 
of the fresh root, 3 Ibs. 2 oz. water, 20 grs. volatile oil, 31°5 grs. albumen, 
15 oz. and. 20 grs. of starch, 1°5 oz. of gum and sugar, 6 grs. bitter 
resin, 1 drachm 41 grs. acetate of lime, sulphate of lime, and acetic acid, 
8 oz. lignin. 

Colchicum autumnale. (See Veratria, p. 1223.) The bulbs contain a 

fatty matter resembling that of veratria, and of sabadilla seed? also gum, 
inulin, starch, extractive, gallate of veratria, and lignin. 100 lbs. of the 
recent bulbs yield between 18 and 19 lbs. of pharmaceutical extract. 
. Columbo. The supposed existence of a distinct principle in this root 
has been adverted to; it contains, according to Planche, one third its 
weight of starch, and a peculiar nitrogenous principle, to which the ten- 
dency of its infusion to putrify is ascribed; also a peculiar yellow bitter, 
not thrown down by metallic salts, and soluble in water and alcohol, to 
which its medical virtues are due: one third its weight is lignin. The 
average produce of pharmaceutical extract of columbo is 62 per cent. 

Convolvulus jalappa. _ Jalap,analyzed by Cadet de Gassicourt, yielded 
10 resin, 5 starch and albumen, 44 gummy extract, 28 lignin, exclusive 
of salts, water, and loss. The supposed existence of jalapin has, I believe, 
not been verified. The average produce of pharmaceutical extract of 
jalap (Lond. Phar.) is 66 per cent. 

Crameria triandra. Rhatany root. 38:3 tannin, 6:7 sweet extractive, 
2'5 azotized mucilage, 8°3 starch, 43°3 lignin. 

Daucus carota. Carrots have been mentioned as a source of sugar 
and pectine (pp. 1071 and 1098). Hermbstadt obtained 63 lbs. of syrup 
from 124 lbs. of carrots. 

Gentiana lutea. (See p. 1239.) According to Henry (Ann. of Phil., 
xvi. 98), gentian contains the following substances: 1. a substance 
resembling bird-lime; 2. a resin combined with oil, which gives to gentian 
its peculiar odour; 3. a bitter extractive principle; 4. gum and colouring 
matter; 5. phosphate of lime? 100 lbs. of gentian root yield about 62 
of pharmaceutical extract. — . 

Glycyrrhiza glabra. Two of the compounds of liquorice root have 
already been mentioned, namely, a peculiar sugar, and asparagin (pp. 
1083 and 1234). Robiquet found in it the following substances (Ann. dé 
Ch., uxx.): 1. starch; 2. gluten ; 3. liquorice sugar; 4. phosphate and 
malate of lime and ‘magnesia: 5. anacrid oil; 6. a crystallizable substance 


resembling asparagin; 7. woody fibre. 


Inula helenium. (See Inulin, p. 1090.) Elecampane root contains, 
volatile oil 0:4, wax 0°6, acrid soft resin 1°7, bitter extractive soluble in 
alcohol and water 36°7, gum 4°5, inulin 36°7, albuminous matter 13:9, 
lignin 5:5. (Joun.) By the action of alcohol on the dried root a 
crystallizable substance is separated, which has been termed Hellenin, — 
described and analyzed by Gerhardt. (Ann. de Ch. et Ph., uxxii. 163.) © 

~Leontodon taraxacum. Dandelion root is stated by John to contain 


in its milky juice a portion of caoutchouc, besides sugar and gum, and a 


very small quantity of bitter extractive. 100 Ibs. of “the fresh root yield 
1] lbs. of pharmaceutical extract. Mr, Squires’ experiments upon this 
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root show that its expressed juice contains gum, albumen, gluten, an 


odorous principle, extractive, and a crystallizable bitter principle. 
(Branpe’s Dictionary of Pharmacy, 532.) 


Marantha arundinacea. The root of this plant has been mentioned 


as a source of the species of starch which we call arrow root. The fresh 
root contains, according to Benzon, volatile oil 0°7, starch 26, albumen 
1:58, gummy extract 0°6, lignin 6, water 65-6. , | 

Orchis mascula. The root, called salep, contains starch and mucilage. 


Pastinaca sativa. From 124 lbs. of parsneps Hermbstadt obtained 


53 lbs. of syrup: according to Drapier they yield (when dried?) 12 per 
cent. of sugar. : 
Polygala senega. Senega root yields 7-5 soft resin, 6:15 senegin, 
26°85 extractive, 9°5 gum and albumen, 46 lignin. | 
Fheum palmatum. (See p. 1239.) 100 Ibs. of Indian rhubarb yielded 
69 lbs. of aqueous extract. 

Rubia tinctorum. Madder root is an article of great importance in 
dyeing ; it grows wild in most parts of the south of Europe, and is largely 
cultivated in some parts of Holland and the Levant; its red colour is apt 
to be injured by drying, a process requiring much caution. Good madder 
has a strong and peculiar smell; it exhibits, when cut, a cortical and 
a woody part of a red colour, intermixed in the former with yellow 
spots. The red portion is most soluble. A peculiar substance, obtained 


from madder, has already been noticed under the name of Alyzarine. 


(See p. 1112.) ; 

Scorzonera hispanica. The fresh root of this plant contains, 9 starch, 
3 resin, 10 extractive, 32 water, 46 lignin. (Jucu.) 

Smilax sarsaparilla. The varieties and uses of this root I have de- 
scribed in the Dictionary of Pharmacy. (See also p. 1241, note.) Canno- 
bio’s analysis is as follows: acrid bitter resin 2°8, gummy extract 5°5, starch 
54°2, lignin 27°8, loss 9°7. The relative quantity of starch compared 
with that of extractive is enormously great in some species as compared 
with others, The average produce of the red sarsaparilla in pharma- 
ceutical extract is 33 per cent. 

Solanum tuberosum. For the analysis of potatoes, see p. 1084, note. 

Lriticum repens. The root of this species of grass abounds in sugar; 


100 parts of dry root (= 112 fresh) yield 17 to 18 parts of an agreeable - 


syrup, (Mellago graminis of foreign pharmacy.) Pfaff has rendered it 


probable that it contains manna sugar. 

Valeriana officinalis, This root contains, according to Trommsdorf, 
volatile oil 1-2, a peculiar extractive, including the acid? 12-5, gum 
18°75, an odorous soft resin 6°25, The essential oil is the seat of the 
odour, 100 Ibs. of clean valerian root yield between 38 and 39 of phar- 
maceutical extract. 'Trommsdorf has discovered a peculiar acid in this 


root, which he called Valerianic acid. (Ann. de Ch. et Ph., riv. 208.) 


It goes over along with water and oil when Valerian roots are distilled with 
water; it is a colourless limpid liquid having the odour of the essential oil 
of the plant. The Valerianates are described in the above-quoted paper. 
(See also p. 1264, note.) | 

Veratrum album. See veratria (p. 1223), The root contains a pecu- 
liar fatty matter, yellow extract, gallate of veratria, gum, starch, and lignin. 


BARKS. ° 1245 


. 2, Barxs.—Zisculus hippocastanum. The bark of the horse-chestnut 
has been partially examined by M. Henry. (Ann. de Ch., Lxxvii.) It 
appears to contain scarcely any resin; water and diluted alcohol dissolve 
nearly the whole of its soluble contents, which are chiefly extractive and 


‘mucilage. Tincture of galls does not render its infusion turbid; it does 


not contain an alkaloid. According to Pelletier and Caventou, this bark 
contains a green fixed oil, a red resin, a red extract, a yellow bitter 
extract, tannin, gum, and a free acid. (See esculic acid, p. 1142, note.) 

_ Brucea antidysenterica. The bark of this tree is in fact angustura 
bark (Bonplandia trifoliata), and not the spurious angustura, which is the 
bark of a strychnos. (See p. 1221.) Angustura bark (cusparia bark of 
our Pharmacopeeia), contains, according to Fischer, acrid volatile oil 0:3, 
bitter hard resin 1-7, balsamic soft resin 1‘9, bitter extractive, with a 
trace of caoutchouc, 3°7, gum 5:7, lignin 89:1. | 

Cinchona lancifolia, cordifolia, and oblongifolia, and other species. 
(See cinchonia, quinia, &c.) The varieties of Peruvian bark have been 
examined by MM. Pelletier and Caventou. In the Cinchona lancifolia, 
or pale bark, they found the following constituent parts: 1. Cinchonia, 
combined with kinic acid; 2. green fatty matter; 3. red and yellow 
colouring matter; 4. tannin; 5. kinate of lime 3; 6. gum; 7. starch; 
8. lignin. 

In yellow bark they found, 1. quinia, with kinic acid; 2. yellow fatty 
matter; 3. yellow colouring matter; 4. tannin; 5. kinate of lime; 6. 
starch; 7. lignin. In red bark the same substances as in the two former. 
There can be no doubt that the tannin, and probably the colouring 
extractives, as well as the alkaloids and the kinic acid, all contribute 
to the medical efficacy of these barks. ‘The produce in pharmaceutical 
extract, of pale bark, is about 36 per cent. (See p. 1210.) 

Croton cascarilla. This bark, analyzed by Trommsdorf, gave 1:6 
volatile oil, 15°5 bitter soft resin, 18-7 bitter gummy extractive, 65:6 
lignin. 100 Ibs. of cascarilla bark yield about 30 of pharmaceutical 
extract. 

Daphne Mezereon. Gmelin and Bir obtained from mezereon bark, 
daphnin (p. 1235), wax, acrid resin, yellow colouring matter, a saccharine 
and brown extract, gum, malic acid, lignin, and several salts. (See Ber- 
ZELIUS, for details.) 

Laurus Cassia, The bark contains volatile oil 0-8, tasteless pale 


_brown soft resin 4, gummy extract 14:6, lignin 64:3, water and loss 16:3. 


(Bucnoz.) 

Laurus cinnamomum. The finest Ceylon cinnamon bark yields 
essential oil; a soft aromatic resin soluble in ether, tannin, extractive, 
gum, and above 80 per cent. of lignin. (Vauquetin.) Dumas and 
Peligot have ascertained that the crystals deposited by this oil and by oil 
of cassia are not benzoic acid, but a peculiar acid product arising appa- 
rently out of the oxygenation of the oil; they have called it cinnamic 
Or cinnamomic acid. (See p. 1157.) 

Pinus silvestris. The inner bark of the young Scotch fir was, for 
many years, used by Westring in the cure of intermittents. Berzelius 
found in it soft resin 6-9, tannin with extractive 6:65, a bitter extractive, 
precipitable by subacetate of lead, and containing sugar, 15:0, cinchonate 
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of lime 0°53, a gelatinizing principle 18°15, water and loss 5:25. Ber- 


zelius considers the gelatinizing matter to be pectic acid and starch; and’ 


hence the nutritive property of this bark, which induces the peasantry in 


northern countries to use it as a substitute for bread in years of scarcity. 


(See p. 1096.) The soft resin is turpentine ? 


Quassia simarouba. ‘The bark, used in medicine, contains a volatile: 


oil, bitter extract, traces of gallic acid, and many salts. 


Quercus robur.. Oak bark, (See p. 1102.) — 100 Ibs. of oak bark” 


yield, on an average, 20 lbs. of aqueous extract. : 


Ulmus campestris. Elm bark contains a green fatty matter, soluble. 


in alcohol and ether; it is obtained by the action of water upon the: 


alcoholic extract of elm bark, which leaves it soluble in ether. This bark 


also contains a peculiar gelatinous matter (a salt of pectine?) A pecu- 


liar and modified extractive oozes from elm bark, which I have above’ 


described under the name of wlmin. Berzelius justly inveighs against the 
application of that term to a variety of dissimilar products. | 


Wintera aromatica or Winter's canella bark.. It contains an acrid 


volatile oil, mild resin, coloured extractive, a peculiar’ kind of extractive 
and of sugar, gum, starch, albumen, lignin, and several salts. (Henry, 
Prrroz, and RoBInet.) . 


Zanthoaylum caribeum. (Z. clava Herculis.) The bark of this tree’ 


ig used in the Antilles as a febrifuge; Chevallier and Pelletier found in- 
it a peculiar principle, which they termed zanthopicrite. It is soluble in 
water, very soluble in alcohol, insoluble in ether; it forms yellow silky 
crystals, and is very bitter and astringent; it has no alkaline reaction; 
animal charcoal extracts it from its aqueous solution, and hot alcohol 
extracts it again from the charcoal. (Jour. de Chim, Med., ii. 314.) 


3. Woovs.—Cwsalpinia crista. Fernambuc or Brazil wood. Peach 
wood?. (See p. 1113.) This tree grows in Brazil, in the Isle of France, 
Japan, and other countries: the wood is hard and heavy, and though 
pale when recent, it acquires a deep-red colour by exposure. Digested 
in water, it affords a fine-red infusion, of a sweetish flavour: the residue, 


which appears nearly black, imparts much of colour to alkaline liquors. — 


With alcohol, it gives a deep-red tincture; alkalis and soap convert its 


red colour to a fine purple: hence paper, tinged with Brazil wood, is - 


sometimes used: as a test for alkalis; acids render it yellow; alum pro- 
duces a fine crimson lake with infusion of Brazil wood; chloride of tin 


forms with it a crimson precipitate, bordering on purple; the salts of iron” 


give a dingy purple colour. Sulphuretted hydrogen destroys the colour 
of infusion of Brazil wood, but it re-appears on expelling the gas. 
(Curvrevt, Annales de Chimie, ixvi.) 

Guaiacum officinale. Lignum vite. Hagen obtained 3 per cent. of 
resin of guaiacum (p. 1157, note) from this wood. From | ounce of 


rasped wood Trommsdorf obtained (in different samples) from 35 to 160 | 


grains of matter soluble in alcohol, and from 45 ‘to 96 grains of watery 
extract. When guaiacum wood is boiled in water, a small part of the 
resin is dissolved; the residue becomes blue by exposure to air. (Phil. 
T'rans., 1811.) : ‘ 

Heematoxylon campechianum. Logwood.~ (Sce dye-stuffs, p. 1118.) 
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This wood imparts a fine purple or crimson colour to pure water, but 
its tint is altered by the slightest metallic impregnation; alkalis deepen 
if, and acids render it paler; alum forms with it a violet-coloured lake; 
sulphate of iron renders the infusion of logwood deep purple, or nearly 
black; sulphate of copper and acetate of Jead throw down brown and 
purple precipitates; and hydrochlorate of tin precipitates the whole of the 
colouring matter in the form of a purple compound. Many of the colours 
which logwood produces are not very durable. (BaNncrort, on Permanent 
Colours, ii. 338; CuEvreuL, Annales de Chimie, uxyi. 254.) 100 lbs. of 
logwood yield 25 Ibs. of pharmaceutical extract. 

Morus tinctoria. (See p. 1117.) 

Pierocarpus santalinus. This tree, which affords saunders or red 
sandal wood, is a native of several parts of India. Its deep-red colouring 
matter is insoluble in water, but readily soluble in alcohol; it is chiefly 
employed for colouring a few pharmaceutical tinctures. The insolubility 
of its colouring principle in water furnishes a ready mode of distinguish- 
ing between it and Brazil wood; and its solubility in alcohol renders it 
probable that it is of a resinous nature. (See p. 1114.) 

Quassia excelsa. The wood of this tree, which has long been used 
in medicine as a powerful bitter, has not been minutely examined; it is 
said to contain a slight trace of volatile oil, a peculiar bitter extractive 
(quassin), gum, lignin, and salts. The bitter extractive is much more 
soluble in common alcohol than in water. It is precipitated, according 
to Pfaff, by acetate of lead: its aqueous solution, sweetened, is a good 
fly-poison. : | 

Solanum dulcamara. The stalks of this plant contain, according to 
Pfaff (Mat. Med.), 21 per cent. of a saccharo-bitter extract, which he 
terms Picroglycion. Its bitterness is derived from malate of solania 
(p. 1225). - 

Strychnos columbina. Snakewood. It contains green fat, yellow 
extractive, gum, strychnate or igasurate of strychnia (p. 1219), and lignin, 


4, Herps. Foner. Licnens.—Anemone pulsatilla and nemorosa. 
The concentrated distilled water of this plant, when kept for some weeks 
in a cool place, deposits a crystalline matter, originally described by 
Heyer, and afterwards by Vauquelin and Robert. (Jour. de Phar., vi. 
229.) It passes over with the vapour of water, and appears at first as an 
oil, which afterwards concretes. Its vapour is acrid, and the substance 
itself, poisonous. It burns like camphor, is very sparingly soluble in 
water, and decomposed by concentrated acids and alkalis. It has been 
termed anemonin, and anemone camphor. 

Many other plants, especially many species of ranunculus, clematis, 
and rhus, and the arum maculatum, and polygonum hydropiper, contain 
an acrid principle analogous to, and by some considered identical with 
the above. . 

- Artemisia absynthium. Wormwood has not been examined by modern 
chemists. According to Dérffurt, dry wormwood yields about 1 per cent. 
of volatile oil, 8-5 to 9 of green resin, 25 to 30 of gummy extract, which, 
when burned, leaves 11°5 per cent. of the original weight of the dried 
herb, of ashes, two thirds of which are carbonate of potassa: hence the 
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term salt of wormmood applied to that salt. According to Kunsemiiller, — 


the potassa in the herb is in a state of aceiate. 


Agaricus, &c. See Braconnot’s researches, already quoted, (Fungic 4 


and boletic acid, sugar, fungin.) The substances found in all fungi are 
a crystalline and a butyraceous fat, albumen, sugar, two azotized bodies, 
one of which is only soluble in water, and the other in water and alcohol, 
and salts of potassa and of ammonia, with fungic, boletic, phosphoric, and 


sometimes acetic acid, fungin (a form of lignin), and water. Many con- — 


tain gum and mucilage. 

When bruised fungi are digested in water, they yield an extract, from 
which alcohol abstracts sugar and an azotized substance, separable by a 
little alcohol, which dissolves the former and leaves the latter. This 
azotized substance yields a brown solution with water, which, when 
evaporated, leaves it in the form of a brown extract, smelling, when 
heated, like roasted meat, evolving ammonia when distilled, and in all 
respects resembling the animal extractive called osmazome. The portion 


ms 


of the extract, insoluble in alcohol, dissolves in water, with the exception — 


of a little albumen. It also dissolves in dilute alcohol: it does not 
gelatinize, and when destructively distilled, yields carbonate of ammonia. 


The insoluble portion of the fungi, which remains after digestion in — 


water, digested in alcohol, yields stearin and elain, and a little resin. 


Chemical analysis has not thrown any light upon the poisonous nature 


of certain mushrooms. | 

Asparagus officinalis. The juice of asparagus, in the state in which 
it comes to table, yields, as already stated (p. 1234), a very curious pro- 
duct, which has been termed asparagin; it also contains a little albumen, 
wax, and resin. The residue of the asparagus, which contains its eatable 


part, for boiling probably abstracts the matters contained in its expressed — 


juice, has not been examined; nor have we any accurate information as 
to the cause of the singular odour which it imparts to the urine: it has 
been said, however, that asparagin is diuretic, and gives the urine the 
same odour. 
Boletus juglandis, laricis, and pseudo-igniarius, have been examined 
by Braconnot. (Ann. de Chim., Lxxx. 2738) 
Brassica oleracea. Cabbage. ‘The fresh leaves yield, per cent. 0°63 


green fecula, 0:29 albumen, 0-05 resin, 2°89 gum or mucilaginous extract, 


2°84 extract soluble both in alcohol and water. The saline matters are 
sulphate and nitrate of potassa, chloride of potassium, malate and phos- 
phate of lime, phosphate of magnesia, and oxides of iron and manganese. 


(Scuraver.) So that, according to this analysis, the cabbage may be — 


assumed to contain about 7 per cent. of soluble matter, the remainder 
being lignin and water. 
Celraria islandica. Lichen islandicus. Iceland moss has been some- 


what minutely examined by Berzelius; the details of his analysis are 


given in his Lehrbuch. The result is, green-wax 1-6, yellow colouring 


extractive 7:0, bitter principle 3°0, sugar 3°6, gum 3°7, starch 44:6, — 


starchy lignin 36-2; a trace of gallic acid, tartar, tartrate of lime, and 
phosphate of lime 1:9. It has also been analyzed by John, with the fol- 
lowing results: green resin 1-5, extractive 10, inulin 8°0, modified inulin 
40:0, insoluble parts 37:5, saline substances 3:0. 
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Cochlearia officinalis. The extract of the expressed juice contains 
brown sweet extract, soluble in hot alcohol, and precipitable by chlorine 
and by tannin, 48°33: matter insoluble in alcohol, but precipitable by 
tannin, 32:00, salts of potassa with vegetable acids 15°3. - The fresh plant 
contains a sulphurous acrid oil, and sometimes nitre. 

Conium maculatum. The juice from 100 parts of fresh hemlock 
_ yielded green fecula 0°80, albumen 0°31, resin 0:15, gum 3:52, extrac- 
tive 2°73. (Scuraper.) This much resembles the cabbage, and takes 
no account of the poisonous. property of hemlock. (See Conia, p. 1227.) 
‘100 Ibs. of fresh hemlock yield an average produce of 4 lbs. of phar- | 
maceutical extract. . 

Helvella mitra. Morels contain, according to Schrader, stearin and 
elain 4:0, sugar 2°0, azotized extractive (vegetable osmazome) 29°4, 
gummy azotized extractive 5:4, albumen 1:2, boletate and phosphate of 
ammonia and potassa 8-0, fungin 39-6, water 10°4. It is evident that 
_ the peculiar flavour and characters of mushrooms, and similar articles of 
food, are referable to the extractive matter containing nitrogen, and hence 
resembling an animal product, which I have above termed vegetable 
osmazome: this substance deserves further examination, especially by 
the culinary chemist. . 

__ Hyoscyamus niger. Henbane requires to be minutely examined. 
(See Hyoscyamia, p. 1225.) 100 Ibs. of the herb yield, upon an average, 
3 lbs. and a quarter of pharmaceutical extract. | 

Indigofera anil, and Isatis tinctoria. (See p. 1119.) 

Lichen islandicus. (See Cetraria.) 

_ Melissa officinalis. Balm yields, according to Dehne, 1-1920th its 
weight of volatile oil. The infusion of balm (often drunk as balm tea), 
contains tan, extractive, and gum. Alcohol extracts a little resin. 

Pisum sativum. The components of peas are stated at p- 1098. 

Ithus toxicodendron. The juice of the leaves of this species, and of 
the Rhus radicans and vernix, contains an acrid poison, the nature of 
which has not been accurately ascertained: it is also a substantive black. 
dye, extremely permanent; cotton or linen imbued with it acquiring a 

_ deep black by exposure: the nature of this colouring principle has not 
been examined, but it seems somewhat analogous to indigo. 


5. Leaves.—Aconitum napellus. The leaves of this and other species 
of monkshood contain a very poisonous principle (alkaloid), which has 
already been alluded to (p. 1228). Its paralyzing power upon the organs 
of taste may be perceived by chewing a leaf of the plant; it produces a biting 
Sensation upon the tongue, and /aste is impaired for hours afterwards, 
Bucholz found in the fresh: leaves 83°75 per cent. water: the residue, 
washed with water, left 15 per cent. of woody fibre. On heating the 
expressed juice, a green and albuminous fecula ‘subsided, amounting, 
with a little wax, to 5-0. Alcohol abstracts from the inspissated juice of | 
_ aconite a brown extractive, of a bitter, sourish, saline, and acrid flavour. 
The part insoluble in alcohol yielded to water 3°75 of gum, and left 1-0 
of malate and citrate of lime. 

Arbutus uva ursi. The leaves of the whortle-berry are very rich in 
tannin, and might be much more employed than they are in tanning and 
oe . 4N 
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dyeing: they might be abundantly imported from slie arth of Fiutopall 
At present they are only used in medicine as an astringent and tonic, 
especially affecting the urinary passages. 

Atropa heli donivict (See Alropia, p. 1224.) 100 lbs. of the fresh her ‘ 
yield about 2 lbs. 8 oz. of pharmaceutical extract. “* 

Cassia senna. The existence of a purgative bitter extractive in thesell 
leaves has been above mentioned (Cathartin, p. 1238). See also Dr, 
Tuomson’s London Dispensatory. 100 lbs. of senna leaves yield 50 Ibs. 
of pharmaceutical extract. 4 

Centaurea benedicta. The dried herb wicks volatile oil, chlorophyll 
and fat oil, brown resin, extractive, bitter principle, sugar, gum, albumen, * 
ligneous matter, and various salts. (Mori, Journal de Chim. Med., — 
il. 105.) 

Datura stramonium. The fresh leaves of the thorn-apple conta 
0:64 green fecula, 0°15 albumen, 0°12 resin, 0°60 extractive, 0°58 gum, — 
0-23 difficultly-soluble salts, 5-15 lignin, 91°25 water. (Promnirz.) See — 
Daturia, p. 1225. 100 Ibs. of the fresh herb afford an wt hae produce 
of 2 lbs. 12 oz. of the pharmaceutical extract. ) 

Digitalis purpurea. The leaves of the foxglove contain, according to — 
Rein and Haase, a soft, viscid, green resin, soluble in ether, alcohol and ~ 
volatile oils 5-5, extractive 15°0, superoxalate of potassa 2°0, lignin 52:0, — 
water 5°5 (loss 5). The activity of digitalis resides, according to Haase, M 
in the soft resin. (See Digitalia, p. 1229.) x 

Menyanthes trifoliata. From 100 parts of the fresh leaves, "Troma £ 
dorf obtained 15°6 lignin: the green expressed juice deposits, on boiling, — 
0:49 fecula, from which alcohol and ether abstract 0°12 soft green resin, — 
and 0:37 albumen remains. The filtered juice yields 3°92 of extract, — 
containing gum, inulin, and extractive; the extractive includes a peculiar ‘ 
bitter principle, menyanthin, and an azotized substance. 

Nicotiana tabacum. (See Nicotina, p. 1226.) 

Salvia officinalis. 100 parts of fresh sage-leaves yield extractive — 
(including an azotized substance and nitrate of potassa) 2°12, gum 1°51], 
green resin 2°9, albumen 0°43, lignin 15°87, water and loss 77°17. They : 
also yield 0: 16 per cent. of a pale-yellow volatile oil; sp. gr. 0°864; 
soluble in alcohol, but difficultly so in ether. (IttscH.) % 

Thea bohea and eoedee (See Thein, p. 1240.) 


6. Fiowrrs.—Antheinis nobilis. Chamomile flowers yield, on distil — 
lation, a blue or green essential oil, which becomes yellow when kept. — 
100 Ibs. of the dried flowers yield, upon an average, 2 Ibs. 12 oz. of oil, } 
and 3 lbs. 4 oz. of pharmaceutical extract. a 

Arnica montana. ‘These flowers contain an acrid resin, to whic 
their medicinal virtues are ascribed: they also yield a volatile oil, and — 
much tannin, with some gallic acid. i 

Artemisia santonica. The buds of this plant are used as a vermifuge, — 
under the name of Semina cine. Their active principle appears to be am 
acrid volatile oil. 

Calendula officinalis. The marygold petals contain yellow-green soft <4 
resin 3°44, bitter extractive 19°13, gum 1:5, starch 1:25, mucilage — 
(Calendulin, p. 1070) 3:50, albumen 0: 62, free malic sai with bitter — 
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| extractive 6°84, malate of potassa 5°45, malate of lime 1:47, chloride 
| of potassium 0°66, lignin, 62°5. (This gives an excess =7'33.) The 
| leaves contain the same substances, and a little nitrate of potassa. 
| (GuEIGcER.) Se 

| Caryophillus aromaticus. Eugenia caryophillata, Cloves are the 
calyces and buds of this plant. They contain, volatile oil 18:0, tannin 
13, extractive 4:0, tasteless resin 6-0, gum 13, lignin 28, moisture 18. — 
(Trommsporr.) By repeated distillation, Ostermeyer obtained 21°5 
essential oil; he also obtainéd the oil of cloves, by expression; it then 
contained a peculiar kind of wax. The average produce of essential oil, 
as obtained from repeated experiments at Apothecaries’ Hall, does not 
exceed 16 per cent. (See Oil of cloves, p. 1143.) 

Crocus sativus. From 100 parts of fine saffron, Bouillon, Lagrange, 
and Vogel, obtained yellow volatile oil, with fat, 7-5, wax 0°5, polychroit 
(p. 1118) 65, gum 6°5, albumen 0°5, lignin 10, water 10. Saffron, as it 
occurs in trade, is often very damp, and mixed with 5 or 6 per cent. of 
| sand. 
| Spirea ulmaria. . When the flowers of this plant (meadow- sweet) 
are distilled with their bulk of water, they yield an aromatic water, which 
on redistillation affords a heavy volatile oil, the properties of which have 
been described by Pagenstecher of Berne. This oil, according to 
Liwig (Ann. de Ch. et Ph., uxi. 219), is a hydracid, composed of: 1 
atom of hydrogen and 1 atom of a ternary base or radical, represented by 
(14 Car +5h+40). Liwig terms this base spiroile, and the oil hydro-- 
spiroilic acid. Chlorine and bromine immediately decompose this acid, 
producing hydrochloric and hydrobromic acids, and chloride and bromide 
of spiroile. It is also decomposed by potassium, evolving hydrogen and 
_ producing a spiroilide of potassium, which, acted on by hydrochloric acid, 
regenerates the original oil or acid. “The hydrospiroilate of ammonia 
forms yellow acicular crystals. When gently heated with nitric acid, the 
- hydrospiroilic acid yields a crystallized product, very soluble in water and 
alcohol, which Léwig terms spirotlic acid: it forms yellow crystallizable 
salts with the alkalis: he gives the following summary of these com- 
pounds :— ; 


Oil of ulmaria: or hydrospiroilic acid = (12 car+sh+s0)+h 
-: Chloride of spiroile . , ~ ce (4COLr+5 A +40)+C 


- Todide of spiroile = (4Car+5 h+s 0)+2 
| Bromide of spiroile = (4Car +5 h+40)+6 
: _ Spiroilide of potassium = (4CAr+5 h+40)+ po 
: Spiroilic acid = (4CALr +5 h+40)+40 
: Hydrospiroilate of ammonia = (4CA/ +5 h+40)+h+a 


(See Salicule, p. 1232.) 


Rosa gallica. Red-rose leaves contain, according to Cartier, a red — 

_ colouring principle greened by alkalis, gallic acid, tannin, and albumen. | 

From rose leaves which have been infused in water, alcohol abstracts a 

yellow fixed, and a volatile oil. Dried rose petals, digested in ether, 

yield oil, gallic acid, tan, and colouring matter. When burned, their ash 
: 4N2 
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contains phosphate of potassa and lime (a vegetable salt of lime), chloride. ¥ 
of potassium, silica, and oxide of iron. a 
Sambucus nigra. Elder flowers have not been minutely oxatnined ll | 
they contain a peculiar bitter extractive, and yield, on distillation, a 
buttery oil, which gives flavour to elder-flower water. | 
Tilia europea. The flowers of the lime tree contain, according tol 
Pfaff, a peculiar odorous principle, which passes over in distillation with % 
water, but cannot be separated in the form of volatile oil; but Brossat, ¥ 
from very large quantities of the flowers, obtained a little highly fragrang @ 
oil, lighter than water; they also contain tannin, sugar, gum, and lignin. — 
They are well known to attract swarms of bees. When chewed, they — 
appear very mucilaginous. Roux obtained from them, by the action of — 
alcohol, a yellow colouring-matter. 


7. Fruits and Sreps.—Amomum repens. Cardamom seeds yield 
A per cent. of volatile oil, and 12°5 of resin: the residue consists of 
mucilage and lignin. 4 
Amygdalis communis. Sweet almonds contain 54 oil, 6 sugar, 3 gum, 
24 albumen, (emulsin,) 24 insoluble ligneous matter, 5 oo 3:5 rater 
trace of acetic acid and loss 0°5. (Boutnay. ) Bitter almonds contatn Jian 
same principles, and the peculiar matters described at p.1149. The bitter 
almond-cake which remains, after the expression of the fixed oil, yields : 
an average produce of 9 oz. of volatile oil from the hundred-weight, — 
but much depends upon the mode of distillation. j 
Artemisia santonica. ‘The seeds contain a substance which has been 
called santonin, or santonic acid. (‘TRommsporr, Ann. der Pharm., xi.)~ 
Cannabis sativa. Hempseed contains, according to Bucholz, 19: 1@ 
per cent. of oil: the residuary cake contains 24°7 per cent. of albumen, — 
43:3 of lignin and other insoluble matters; gum, sugar, and a trace of — 
bitter extractive, constitute the residue. “ 
Capsicum annuum. Bucholz found in the pods of capsicum, 7°6 wax, — 
4 acrid resin, 8°6 bitter aromatic extract, 21‘ gum and extractive, 9°2— 
gum, 32 albumen, 28 lignin, 12 water, loss 6-4. Braconnot terms the 7 
acrid soft resin, which appears to constitute the active principle of this 
pepper, capsicin; it fuses when heated, and a single grain, vaporized in ~ 
an ordinary-sized room, is so diffused through the air as to cause it to 
excite coughing and sneezing. ‘a 
Cassia fistula. The pulp of the seed-pods of an American and of — 
an African variety of this tree, yielded, (Henry,) i., sugar 69-25, gum 2°6, — 
tannin 3°9, moisture 24:25; ii., sugar 61:0, gum G6: 75, tannin 13° O5g 
water 19:0. ‘This pulp is medicinally used as a purgative. £ 
Citrus aurantium and medica. Neither. oranges, nor lemons, hava 2 
been subjected to any accurate examination. Dried orange-peel yields — 
from 16 to 20 per cent. of an agreeable and apparently peculiar bitter — 
extract. Lemon juice contains, according to Proust, 97°51 water, 1° wh. 
citric acid, with bitter extract, gum, and a trace of malic acid, ancuntiaai 
together to 0°72 per cent. 
Coffea arabica. (See Caffein, p. 1236.) 
\ Croton tiglium. » (See p. 1131.) 
Cucumis colocynthis. According to AL Seen the pith freed. from. 
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seeds contains fat oil 4:2, a yellow, brittle, very bitter resin, insoluble in 
ether, 13°2, colocyntin (p. 1236) 14:4, gelatinous matter 3-0, gummy 
extractive 17-6, lignin 19: the remainder being water and salts. 

Cucumis sativus. Cucumbers have been examined by John, who found 
in the peeled cucumber, green colouring-matter 0-04, sugar, with extrac- 
tive, 1:66, soluble albumen 0°13, fibres, softened by boiling, and contain- 
ing traces of phosphate of lime, 0:53, mucilage, free phosphoric acid, salts 
of ammonia, potassa, lime, and iron, with malic, phosphoric, sulphuric, 
and hydrochloric acids, 0-5. Water 97:14. The peel of the cucumber 
contained the same substances, but only 85 per cent. of water, and the 
fibre resembled fungin. | 

Cylisus laburnum. (See Cylisin, p. 1239, note.) 

Delphinium staphisagria. Brandes found in staves-acre seeds, stearin 
1-4, oil 19-1, gum 3°15, starch 2°40, an azotized extractive, insoluble in 
alcohol, precipitable by acetate of lead and by infusion of galls, with 
traces of various salts 30°67, delphia 8:10 (see p. 1230), albumen 4/12, . 
sulphates and phosphates of potassa, lime, and magnesia, 5, water 10. 

Fragaria vesca. Strawberries have never been analyzed. Dried in 
vacuo, over sulphuric acid, they lose about 90 per cent. According to 
Scheele, the acid which they contain consists of equal parts of malic and 
tartaric acids. Their fragrancy passes over in distillation with water. 

Humulus lupulus. (See Lupulin, p. 1239, note.) Hops yield about 
27 per cent. of pharmaceutical extract. 

Hyoscyamus niger. Henbane seed contains, according to Brandes, 24-2 
oil, 1-4 stearin, a trace of sugar, 1:2 gum, 2°4 mucilage, 1°5 starch, 3°4 
extractive, 4°5 albumen, 26: lignin, 24° water: various salts, and a trace of 
copper? They have since been found to contain hyoscyamia (p. 1225).| 

Juglans regia. The outer green husk of the unripe walnut contains 
_Yesinous green matter, tannin, extractive, starch, citric and malic acid, 
oxalate and phosphate of lime, lignin; and, in the ash, potassa, and 
oxide of iron. The expressed juice is at first colourless, but becomes 

brown by exposure: it forms a good dye-stuff. 
. Juniperus communis. Juniper berries contain a volatile oil and 
sugar; the former is most abundant in the berries just at their period of 
Tipening; when they are quite ripe and black, it has chiefly passed into 
resin. The sugar is most plentiful in the deep blue berries, and is partly 
decomposed when they blacken and dry. |'Trommsdorf found in the ripe 
berries, volatile oil (specific gravity 0-853) 1:0, brittle wax, soluble in hot 
_ alcohol, ether, and caustic potassa, 4:0, tasteless and inodorous resin 10:0, 
a peculiar kind of sugar 33-8, gum 7:0, lignin 35:0. The produce of 
essential oil, from the German berries, as ascertained by repeated distil- 
lations at Apothecaries’ Hall, amounts upon an average to from 9 to 10 
ounces from the 100 lbs., and from the I/alian berries to 7 ounces. 

Laurus nobilis. Laurel berries have been examined by Bonastre: 
he found volatile oil 0-8, a crystallizable substance, which he calls laurin, . 
05, grease and fat oil 9°9, soft resin 0-8, starch 12-95, gum 8-6, mucilage 
3°2, sugar 02, lignin 9-4, water 3:2.. They also contain a free acid. 

»  Menispermum cocculus. (See Picrotoxia, p. 1226.) . 

Momordica elaterium. (See Elalin.) Of the pharmaceutical product, 


termed elaterium, about | |b. 8 oz. is obtained from 100 bushels of the 
gourds, 
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 Myristica moschata. Nutmegs contain, according to Bonastre, fat 
oil (p. 1134) 316, volatile oil 6:0, starch 2-4, gum 1:2, free acid 0°8, 
lignin 54, (loss 4.) The usual produce in volatile oil, in the distillations 
at Apothecaries’ Hall, is 4°5 per cent. ‘ 

Myrtus pimenta,  Allspice has been examined by Bonastre; he 
analyzed the outer shell and the kernel, with the following results:— _ 


Husks. Kernels. 
Volatile oil . P é 3 108) oe 
Green soft resin- .  « é SD 4 al Bb 
Concrete fixed oil. : d vole a OD rs éteueene 
Tannin and extractive ; ; 114 . . 89°38 
Gum . : z : F PR ae 2 | Rruagh sepyite |e 
Brown gelatinous matter . : 40 . . 36 
Resinous substance ‘ . oe NA EBA ae ee 
Saccharine extract . ; 3 30 O° 4Be 
Malic and gallic acids . : -, 6506 eee 
Lignin . : ° . , 500 . . 160 
Saline ash . ; F Fi Oe ee 
Moisture / : BS oy” 3O 
Loss . . A A é si B22, 88 


Oryza sativa. Carolina rice contains, fixed oil 0:13, sugar 0:29, 
gum 0°71, starch 85°07, gluten 3°60, lignin 4-8, water 5. Piedmontese 
rice contains, fixed oil 0°25, sugar 0°05, gum 0°10, starch 83:8, gluten 3:6, 
lignin 4°8, water 7. (Braconnor.) - 

Piper cubeba. Cubebs yield, on distillation with water, about 10°5 
per cent. of volatile oil. 

Piper nigrum. The acrimony of black pepper resides in a soft resin 
or balsam, and in volatile oil. (See also Piperin, p. 1234.) 

Pisum sativum. Peas. (See p. 1098.) . ; 

Prunus cerasus, &c. The analysis of cherries, plums, peaches, and 
apricots, is given at p. 1051. _ 

Pyrus communis and malus. Pears and apples have been examined 
by Berard, but there are many interesting points respecting them which 
remain unnoticed, such especially as the rapid change which some of them ~ 
undergo by the action of oxygen, when they are cut and exposed to air, 
and during which sugar appears to be formed; he also does not notice 
pectin or pectic acid, though perhaps it may be formed, as in apple jelly, 
by the action of heat upon their finely-divided lignin; he also overlooks 
tannin or gallic acid contained in many of those fruits, rendered evident 
by the blackening of the knives with which they are peeled. The fol- 
lowing are the results which he obtained from Beurré pears, examined in 
three states, namely, i. ripe and fresh; ii. kept till mellow; iii. kept till 
brown or beginning to rot, and having lost 23°15 per cent. of water, &. — 


ae 


‘ uke II. IIT. 
Resinous green colouring matter 0-08 . . O01 


ry e 0°04 
Sugar. : . : +. 645 «. 162s + B67 
Gum . - 5 “ . Bids ete ces 2 rs 2°62 
Agni, eh . : oO wg 9 ED LS oy Cee 
Albumen . 4 0 ERS ee ee eee 
Malic acid =~ . ; : 2 OFF, 4° OOF 4 OG 
Lime . ‘ - ‘ A 003. . O04 . . trace 


Water . 4 A ah) C628 4! t -Cb: BR oo & | G29Z 
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Apples contain the same ingredients as pears, but in somewhat 
different proportions, but the cause of flavour, and the aroma of these 
fruits, depends upon some volatile principle, probably, which analysis has 

not detected. 

7 Punica granatum. The rind of the pomegranate is used medicinally 
as an astringent: it contains, tannin 27°8, resin 0°9, extractive 32:8, gum 
34:2, loss 5:1. (Reuss.) No lignin is here mentioned, so that the above 
are probably the soluble constituents only. 

Ribes grossularia. Gooseberries have been analyzed by Berard, with 
the following results. . 


Unripe. Ripe. 

Resinous green colouring matter 0°03 . . —— 
Sugar ; <A ° «Oe el slat Grae 
Gum . ; : . : Vou. 6a Oe 
Albumen : : : © LOT 7 OE 
Malicacid . : 4 F LOO. dte 70> Bel 
Citric acid . . . s BO bs, ks Beas 
‘Lime . 2 : ; - 0:24. . .. ° 0°29 
Lignin, including the seeds 6B ae ee Oo UL 
‘Water . ; ° ° eo Peale. co D1 1G 


Ricinus communis.—This seed, which affords castor oil (p. 1131), has 
been analyzed by Geiger: it yielded 69:09 kernel, and 23°82 husk: this 
quantity of husk or shell yielded, resin and bitter extract 1:91, gum 1°91, 
lignin 20:0. The kernel (69-09 parts) afforded, fixed oil 46°19, gum 2-40, 
albumen 0°5, starch with lignin 20, water 7:09. 

Secale cereale. ‘The analysis of rye is given above, p. 1098. 

: | Secale cornutum. The ergot of rye, which appears to possess such 
extraordinary influence in promoting the natural contractions of the uterus 
in child-birth, has been analyzed by Vauquelin and by Pettenkofer, but 
their researches throw no light upon its medical virtues. It yields adeep 
brown tincture to dilute alcohol, which on evaporation leaves 18°72 per 
cent. of wax, which fuses at 212°. The tincture, deprived of wax, affords 
a transparent brown bitter and sour extractive, which becomes moist in 
the air; after some days small cubic crystals form in it, which Petten- 
kofer suspects to be a salt of morphia, but of this there is no evidence. 
Water takes up a brown bitter extractive from the residue of the ergot 
insoluble in alcohol. The extraordinary medicinal peculiarities of ergot 
render an accurate chemical examination of it extremely desirable. - 

Sinapis alba. The seeds contain, 1. volatile oil; 2. fixed oil; 3. yellow 
eolouring matter; 4. albumen; 5. white crystalline matter; 6. bimalate of 
lime; 7. citrate of lime; 8. sulphocyanuret of calcium; 9. free sulphur. 

Sirychnos nux vomica, §c. (See Strychnia, p. 1219.) 

Tamarindus indica. The pulp of this fruit contains, according to 
Vauquelin, 12°5 sugar, 4°7 gum, 6:2 jelly, 0°4 malic acid, 9-4 citric acid, 
]‘5 tartaric acid, 3:2 bitartrate of potassa, 36 ligneous matter, 30 water. 
Scheele asserts that the whole of the acid in tamarinds is the tartaric acid. 

Triticum hibernum. The composition of wheat is given at p. 1098. 

Vitis vinifera. The juice of sour grapes only contains tartaric acid. 

The juice of the ripe grape contains odorous matter, sugar (p. 1081), gum, 
albumen, a trace of malic acid and malate of lime, free tartaric acid, tar 
_ trate of lime, and bitartrate of potassa, (also racemic acid?) 
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Zea mais. According to Gorham, maize, or Indian wheat, contains — 
starch 77, zein 3 albumen 2°5, sugar 1-45, extractive 0°80, gum 1°75, — 
sulphate and phosphate of lime 1°5, lignin 3, water 9. According to — 
Bizio, zein contains nitrogen as an ultimate element: Gorham regards it _ 
as a gluten without nitrogen. 

§ XXJ. PHENOMENA AND Propvucts oF Vinovus FERMENTATION, 4 

ALCOHOL, 


Tue term fermentation is employed to signify the spontaneous changes — 
which certain vegetable solutions undergo, placed under certain circum- 
stances, and which terminate either in the production of an intoxicating — 
liquor, or of vinegar; the former termination constituting vinous, the — 
latter acetous, fermentation. ; 

The principal substance concerned in vinous fermentation is sugar; 
and no vegetable juice can be made to undergo the process, which does — 
not either originally contain it or some other principle, such as starch 
or starch-gum, capable of being converted into sugar. In the production — 
of beer, the sugar is derived from the malt; in that of wine, from the ~ 
juice of the grape. : ‘ 

The change which barley suffers in the operation of malting has — 
been already stated (p. 1086), and in a number of other processes starch — 
passes through similar changes, first becoming gwm, and then sugar; and — 
to effect these changes it is only necessary that a portion of sugar should — 
be present, which, when it begins to ferment, leads to the successive 
conversion of the remaining unchanged starch into sugar. Thus it is, 
that a small addition of malt to a large proportion of unmalted grain forms _ 
a mixture, which, placed under the requisite conditions, tends to vinous EY 
fermentation; and that any variety of starch may be rendered applicable _ 
to the process, by the addition of any of the ordinary forms of sugar: 
among common vegetables applicable to this purpose, the potato stands — 
pre-eminent, the cause of which will be obvious by reference to its — 
analyses, given in the table at p. 1098. = 
' But a solution of pure sugar is not alone susceptible of vinous fer- 
- mentation, and although a mixture of common sugar, and especially of — 

raw sugar and water, will often ferment sluggishly, this arises from what — 
may be termed zmpurities in the sugar. ; iq 

The substance which, of all others, tends in these cases to induce — 
fermentation, is some form or other of vegetable gluten (p. 1091), conse- 
quently of an azotized or nitrogeniferous substance, for other analogous — 
compounds, and even animal products, may be resorted to. But before a 
gluten is fit for this purpose, it must itself have undergone some change, 4 
for which the contact of oxygen is apparently required, and of all the 
forms of modified gluten applicable to the purpose, yeast, or, -as it is G 


sometimes termed, ferment, is the most so. | 


Yast is the substance which collects, as a scum and sediment, during oe 
the vinous fermentation of wort, and is derived from the albumino- ie 
glutinous parts of the grain: it is generally used in a moist state, but, for 


convenience, it is sometimes partially dried by pressure and exposure toa. 
? P Pee eee ne ‘a 
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gentle heat; in its moist state it soon runs into putrefactive fermentation at - 


common temperatures, absorbing oxygen, evolving carbonic acid, acquiring 


_a fetid odour, and becoming sour from the formation of acetic acid. 


Subjected to destructive distillation it yields some ammoniacal products. 
Perfect desiccation, long exposure to a boiling heat, the action of alcohol, 
acids, and salts, render yeast ineffective. The nature of the action of the 
yeast upon the saccharine matter has not been accurately ascertained ; 


_ but the changes which the latter undergoes during fermentation, have 


been satisfactorily explained: these we shall recur to, when the nature of 
alcohol, which is the ultimate result, has been examined. i 

Brer.—In the manufacture of beer, the malt is ground and infused 
in the mash-tun, in rather more than its bulk of water, of the tempera- 
ture of 160° or 180°. Ata higher temperature the mixture would set, 
as it is termed; that is, it would become an intractable gelatinous mass, 
not easily dissolyed in, or even diffused through, the mass of water. In 


_ the mash-tun the malt is exhausted by the successive applications of fresh 


which is usually found by an instrument not quite cor- 


weight as to sink to the point marked 0°, in distilled 
_ water at the temperature of 70°, and when immersed in a 


of the instrument, though not that in common use. 


‘portions of water, and by frequent agitation, which is either effected by 


paddles or by machinery-power. The nature of this process, and of the 
manner in which it is performed in our large breweries, can only be 
adverted to here; they must be visited to form a-just conception of 
the ingenuity of the machinery, and the enormous magnitude of the 
operations there conducted. 

The mixed infusions, as they run from the mash-tun, 
are called wort; its principal contents are saccharine 
matter, starch, mucilage, and a small quantity of gluten. 
The strength of the wort is adjusted by its specific gravily, 


rectly called a saccharometer, since it is influenced by all 
the contents of the wort, and not by the sugar only. It is 
a brass instrument, resembling the common hydrometer, 
of the shape shown in the margin, and so adjusted in 


liquor of the same temperature, and of the specific gravity 
of 1/100, it is buoyed up to the mark 100, just above 
the bulb. The intermediate space is divided into JOO 
equal parts, and, consequently, will indicate intermediate 
degrees of specific gravity. This is the most useful form 


Brewers employ complicated and often unmeaning terms 
to designate the strength of their worts, and speak of the 
proportion of saccharine per barrel, &c. A reform in 
this department of their business, by the introduction of 
a new instrument, and of tables showing the quantity of 
solid matter in worts of given density, and expressed in 
reference to specific gravity only, would be desirable. 

The specific gravity of the wort for ale is usually about 


1-090 to 1:100, and for table-beer from 1-020 to 1:030. Those who are 


_ curious in the history of ale and porter, will find the various additions 
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_ which are said to be made to those liquors prescribed in various “ Trea 4 
on Brewing.” Porter derives its peculiarities from high-dried malt, < : 
certain proportion of which is used in the wort ; it is also coloured with - 
parched malt, or other colouring materials. As issued from the large 
breweries, it is a genuine and excellent liquor, but it is generally adul- 
terated and deteriorated by the publicans. In Russia, a beverage is made 
as a substitute for beer, which is called quaas: 9 parts of rye-meal, and ] _ 

_of undried rye-malt, are made into a paste with water, and left for some — 
days in a warm place, when the mass becomes quite sweet: a wort is © 
then prepared from it, which is run off into casks, where, by the addition © 
of a little yeast, it is brought into slow fermentation: when this termi- — 
nates it is ready for use. (BerzEttvs.) ; 

The wort is next boiled with hops, amounting, upon the average, — 
to one twentieth the weight of the malt, their use being to cover the 
sweetness of the liquor by their aromatic bitter, and to diminish its ten- — 
dency to acidify. The liquor is then generally thrown into large, but — 
very shallow, vessels, or coolers, or, by other contrivances, is cooled to — 
about 50°, as quickly as possible; it is then suffered to run into the 
fermenting vat, having been previously mixed with a proper quantity of — 
yeast, the use of which has been above stated. 3 

In the fermenting vessel, the different substances held in solution in — 
the liquor begin to act upon each other; an intestine motion ensues, the 
temperature of the liquor increases, aad carbonic acid escapes in large 
quantities; at length the evolution of gas ceases, the liquor becomes quiet — 
and clear, and it has now lost much of its sweetness, has diminished in 
specific gravity, acquired a new flavour, and become intowicating from the 


presence of alcohol. 


Wasu.—The distillers prepare a ehinde called wash, for the exprest| f 
purpose of producing from it ardent spirits *; instead of brewing this from ~ 


* The operations of our distilleries 
would be improved by an alteration in 
the excise laws: as these at present 
stand, the duty is charged from calcula- 
tions, 1. On the quantity and density of 
the wash; 2. On the quantity and density, 
or strength of the low wines, or first pro- 
ducts of distillation; 3. Upon the quan- 
tity and strength of the spirit, or, in other 
words, of the alcohol actually produced : 
it is presumed, in reference to the wash, 
that the alcohol which it wil! afford by 
fermentation will be directly as its 
density (without reference to the nature 
of the matter which it holds in solution). 
In the low wines, and in the spirits, the 
proportion of alcohol is inversely as the 
density, and the duty is charged in con- 
formity with experiments upon the com- 
position of mixtures of alcohol and water 
of different densities. Isay nothing here 
of the mode of judging of the value of the 
wort by its attenuation during fermenta- 
tion, nor of the fallacies to which the 
different operations are liable, and am 


aware of the danger and difficulties of — 
meddling with so important a branch of 
the revenue; but no scientific person can 
visit a distillery without at once seeing 
much that is susceptible of safe and. . 
effectual alteration; or peruse the mul+ 
titudinous documents, and _ evidence _ 
brought before the Commissioners 0! 
Revenue Inquiry and before Parlia- p 
mentary Committees, bearing directly or 
indirectly upon this subject, without 
hoping that some remedy may be found 
for the evils there set forth. In every 
point of view, two things seem desirable, — 
and apparently not unattainable; the 
one, that the materials employed as = 
sources of spirit, and the mode of cons 
ducting the operations of the distillery, = 
should be, as far as possible, unshackled; 
the other (a necessary consequence), that id 
the duty should be levied upon the wlii- 
mate produce at the worm-end, or;in other 
words, upon the quantity of absolute alcohol 
actually produced, and that the charge 
should be made in reference to that alone. + 
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pure malt, they chiefly employ raw grain, mixed with a small quantity 
only of malted grain; the water employed in the mash-tun is of a lower 
temperature than that requisite in brewing, and the mashing longer 
continued, by which the starch of the barley is rendered into gum and 
saccharine matter. The wort is afterwards fermented with yeast. 


WineE.— Wine, properly so called, is exclusively derived from the juice 
of the grape. The principal substances held in solution in grape juice 
are sugar, gum, gluten, and bitartrate of potassa. It easily ferments 
spontaneously at temperatures between 60° and 80°, and the phenomena 
it gives rise to closely resembles those of the wort with yeast*. After 
the operation, its specific gravity is much diminished, its flavour changed, 
and it has acquired intoxicating powers, from the cause before mentioned, 
namely, the formation of alcohol. 

Liquors, under the name of wine, are frequently made from currants, 
gooseberries, and other fruits, and when carefully prepared they are 
not only palatable but excellent. But it is seldom that the requisite 
attention is paid to their manufacture, (see Maccuttocn on Wines,) and 
they derive at all times a peculiarity from the presence of malic and citric 
acids, which are retained in solution; whereas, in grape juice, the acid is 
chiefly in ¢artar, which is precipitated in proportion as alcohol is formed, 
and not retained in any quantity, especially in old wines. Made wines, 
as they are termed, are generally strong, in consequence of the quantity 
of sugar which is used in their production; a considerable proportion of 
brandy is also often added to them, to prevent secondary fermentation. 
Perry and cyder are the fermented juices of pears and apples, and vary 
in flavour, strength, and quality, according to the quality of the fruit, 
and the extent to which the fermentation is carried. Mead is a vinous 
liquor made by dissolving 1 part of honey in 2 and two thirds of boiling 
water, and adding spices, such as cloves, nutmegs, &c., and a portion of 
ground malt, and piece of toasted bread dipped in yeast, and suffering 
the whole to ferment; the Scandinavian mead, according to Berzelius, was 
_ flavoured with primrose blossoms. 

The changes of the various substances concerned in fermentation can 
only be fully explained and understood, when the nature of alcohol has 
been examined, but an instructive experiment in reference to this may be 
made by introducing a mixture of 1] part of sugar, 4 or 5 of water, and a 


_ * A question naturally suggests itself 
here, why the juice of the grape does not 
ferment in the fruit itself? We know 
that ripe grapes, even cut from the vine, 
exhibit no such tendency; they dry up 
and shrivel, becoming ultimately raisins, 
but never fermenting, so long as the skin 
is entire. It was once supposed that this 
arose from the gluten or ferment being in 
distinct vesicles or cells from those con- 
taining the saccharine juice, and that con- 
_ sequently no fermentation could ensue 
till the fruit was mashed or broken so as 
to mix these ingredients. But Gay-Lus- 
_ sac found that when grapes were bruised, 


. 
abe. 
ot 


carefully excluded from air, no change 
ensued ; but that even a momentary ex- 
posure of the pulp to air or oxygen was 
enough to communicate to it the power 
of fermentation. This seems to arise 
from some recondite action of oxygen on 
the glutinous principle of the grape, by 
absorbing which it acquires the proper- 
ties belonging to yeast. It is curious how 
perfectly the exclusion of air is provided 
for by the natural texture of the grape, _ 
which does not allow its ingress, although 
it admits of the transpiration of aqueous 
vapour, as is shown by the spontaneous 
desiccation of the berry. 
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small quantity of yeast, into the bottle a,-represented in the annexed cut ; 
(fig. 296); this mixture gives rise to the same products as wort or grape ¢ 
juice: a bent tube issues 
from the bottle, passing — 
under the inverted jar — 
placed in the water-trough 
6. It will now be found, © 
that all that is requisite to 
induce fermentation, and — 
the consequent production — 
of alcohol from the above 
materials, is to subject 
them to a due temperature, 
_say between 70° and 80°; 
they then soon begin to act upon each other, and the principal points to be 
noticed are, 1. that carbonic acid is evolved (without the contact of oxygen — 
or of the external air); 2. that the sugar gradually disappears; and, 3. that 
alcohol is gradually formed. Now the inference which we shoald at once © 
draw from this experiment, and it is not an incorrect one, is, that sugar, 
minus carbonic acid, produces alcohol; for, as we shall afterwards find, we 
have no evidence of the decomposition of water in the process, or of any — 
other source of oxygen than the sugar itself, and it alone can yield the — 
carbon. I have, for the present, put the action of the yeast out of the — 


quéstion, for we shall find it not essential to the theory of the process. : 


The alcohol remains almost entirely in the receiver, in combination with e 
the water, and any other matters that may have accidentally been present; _ 
a little, and but a little of it, passes off along with the carbonic acid gas, é 
and this, together with otitey considerations, renders it advisable, in all — 
cases, to carry on fermentation with as little access of air as possible, and 
to allow of the escape of the carbonic acid by a comparatively small vent, 
and even in some cases to pass it into cold water, with a view of collecting, 

if not the alcohol, the aroma, which oo sometimes be servicenbly applied. 


Branpy, &c.— When wine, or any of the aboye- iitnoeud fermented — 
liquors are distilled, they afford a spirituous liquor; that from wine is 
termed brandy; froth the fermented juice of the sugar cane we obtain _ 
rum; and from wash, malt spirit; and these spirituous liquors, by re- 
distillation, furnish spirit of wine, ardent spirit, or alcohol. 

he different’ femented liquors furnish very different proportions of — 
alcohol *, and it has been sometimes supposed that it does not pre-exist to 


* I regret that in the experiments, the 1. Cape WINE. 


results of which are contained in the Sp. gr. before distillation . +9824 


table in the text, I did not throughout Ditto after ditto . . ‘9742 


determine the specific gravity of the Alcohol percent... . . 23°61 


wine before as well as after distillation, 


and that the other contents of the wine 2. SHERKY. 


were not accurately ascertained, for, Sp. gr. before distillation . °9879 
although these points were made out in Ditto after . ditto. . ‘9762. 
some cases, they were not accurately Alcchol percent. . . . 21°34 


attended to throughout. ‘The following See also the tables of the strength of 


are two of these results ;— wines in Dr, Henderson’s work. 


i fe 


WINES 


Proportion of Spirit 
per cent. by Measure. 


Lissa . ° ; 26°47 
Ditto . ° . 24°35 

Average : 25°41 
Raisin. : : . 26°40 
Ditto . . ‘ . 25°77 
Ditto ° ‘ 23°20 

Average : 25°12 
Marsala . : : - 26:03 
Sy Are agit ad? (ph 25°05 

Average . . 25°09 
EOrt. . ; : ‘ 25°83 


Ditto : ; : . 
Pepioe erat wit wh Pk 23-71 


Ditto F “ a 23°39 
Ditto . : ° a 22°30 
Ditto : ; ‘ . 21°40 
mUitte . ° : : 19:00 
Average 22°96 

5. Madeira 3 ; 24°42 
| Ditto - 23°93 
Ditto (Sercial) . : 21°40 
Ditto ' : + nl O24 
Average ° 22:27 

6. Currant wine . > . 20°55 
7. Sherry A d : 19°81 
Ditto e : A 19°83. 
Ditto . : 6 : 18°79 
Ditto : - : . 18°25 

_ Average 19°17 

8. Teneriffe. : s 19-79 
9. Colares . ‘ .- 19°75 
10. Lachryma Christi. : 19°70 
11. Constantia, white 19°75 
12. Ditto, red . : 5 18°92 
13. Lisbon . : . > 18°94 
14. Malaga : : 18°94 
15. Bucellas . ¢ 18°49 


. Red Madeira Z 22°30 


Ditto . : ° - 
Average. 20°35 
Cape Muschat . : 


. Cape Madeira . , . 22°94 


Ditto . ° . . 20°50 
Ditto ° . ° - leit 
Average ; 20°51 

‘19. Grape wine. : 1811 
20, Caleavella . : 19°20 
Oe 18°10 
Average : 18°65 


Proportion of Spirit 
per cent. by Measure. 
21. Vidonia . : : oR I9 26 
22. Alba Flora . 17°26 
23. Malaga . . 17:26 
24, White Hermitage : 17°43 
25. Roussillon : : - 19°06 
Ditto . 4 ; ° 17°26 
Average 18°13 
26. Claret. fi iF 
Ditto : é . 16°32 
Ditto . . “ : 14:08 
Ditto ; : : aps LEO 
Average 15°16 
27. Zante 17:05 
28. Malmsey Madeira 16°40 
29. Lunel . : : 15°52 
30. Sheraaz . A - 15°52 
31. Syracuse . : 1528 
32. Sauterne . ; 14°22 
33. Burgundy . ; : 16°60 
Ditto ° . os. ed eee 
Ditto . ‘ 14°53 
Ditto . . : : 11°95 
Average. « 14:57 
34, Hock . ; : a 14°37 
Ditto +. . - 13:00 
Ditto (old in cask) 8°88 
Average 12-08 
35. Nice : : r . 14°63 
36. Barsac e : . 13°86 
37. Tent Ppt -  1'30 
38. Champagne (still) : 13°80 
Ditto (sparkling) 7 12°80 
Ditto (red) . : ‘ 12:56 
Ditto (ditto)... - 11:30 
Average F 12°61 
39. Red Hermitage £ . 12°32 
40. Vin de grave . . 13°94 
Ditto : , : - 12°80 
Average 13°37 
41. Frontignac (Rivesalte)_ - 12°79 
42. Cote Rotie . 4 123g 
43. Gooseberry wine. - 11°84 
44, Orange wine—average of six 
samples made by a London 
manufacturer : - A126: 
45, Tokay . “ ; hig 9°88 
46. Elder wine’ . : - O79 
47. Cider, highest average . 9°87 
Ditto, lowest ditto ° ® 5°21 ° 
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_ .the amount in which it is obtained by distillation (Fapsront, Ann. de Ch., 
xxx.); but some experiments which I made upon the subject, in 1811 
and 1813, (printed in the Phil. Trans. for those years,) tend to show that 
it is a real educt, and not formed by the action of heat upon the elements 
existing in the fermented liquor. 
The following Table exhibits the proportion of alcohol, specific gravity 
"825 at 60°, by measure, existing in 100 parts of several kinds of wine 
and other liquors: _ 
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Proportion of Spirit Rs, -_ Proportion of Spirit 

per cent. by Measure. per cent. by Measure. 

48. Perry, average of 4 samples 7:26 | 52. London Porter (average). 420 
49: Mead. AE he Le UPS2 53. Ditto Small Beer 1:28 
50. Ale (Burton) : ‘ 8°88 54. Brandy . : . « 53°39 
London (Edinburgh) - 620. | 55. Rum «. 2.» ; , 53°68 


Ditto (Dorchester) . 5°56 | 56. Gin 46 a> ‘ - 57:60 @ 
Average . » 687 | 57. Scotch Whiskey . . 54°32 
51. Brown Stout “ 4 6°80 58. Irish ditto. . . 63:90 


The wines employed in the experiments upon which the preceding — 
table is founded, were selected with all possible caution as to purity and — 
quality; a given measure of each (saturated, when necessary, with lime — 
or potassa) was carefully distilled nearly to dryness, and the bulk of the ~ 
distilled product was exactly made equal to that of the original wine by ~ 
the addition of distilled water. After twenty-four hours its specific gra- — 
vity was determined, and thence the quantity of alcohol, by reference to — 
Gutpi’s Tables. The management of this and similar distillations is well — 
described by Mr. Faraday. (Chemical Manipulation.). 8 

The change which wine undergoes in the cask is sometimes connected — 
with a continuance of the fermentation, during which it deposits tartar 
in combination with a peculiar glutiniferous extractive and colouring — 
matter, the’terms red and while tartar being applied to its varieties: the ~ 
solvent power of the wine over tartar diminishes in proportion to the — 
alcohol which it contains, so that the strongest wines are always in this 
respect the least acid*. In bottles the same changes continue as in the i 
cask, but they are extremely slow and imperfect; the wine, however, — 
deposits its crust of glutinous extractive and tartar; and it is not ; 
uncommon to find in many wines, which have been long in bottle, crystals — 
of tartar, and also of bitartrate of lime, the proportion of all which — 
varies in different wines, and in the same wine according to the time 1 | 
which it had previously been kept in the cask. Another character of — 
wine, which is also much influenced by its age in bottle, is that refined ~ 
and delicate flavour and odour, termed bouquet, or perfume, and upon — 
which so much of the excellence and consequent value of some kinds of — 

wine depends. This quality seems sometimes to depend upon the pro- 
duction of a species of volatile oil, and, in others, upon the formation of 
something ethereal; but it is so fleeting and destructible, that we have — 
nothing but surmise to offer upon that subject. There is no apparent — 
limit to the time for which some wines may be kept not only in a perfect, — 
but apparently in an improving state, in bottle; such especially are — 
madeira and sherry. Many of the red wines go on for a time improving, 
in consequencé of the deposition of extractive, tannin, and tartar; they — 
then deteriorate, losing colour and flavour; this is the case with port. — 
The aroma or bouquet of claret is much improved up to a certain point 
and is then apt gradually to decline; yet the deposit from that wine, or 
the apparent change which it suffers in bottle, is remarkably small: ie 
have seen it after twenty-five years to have deposited nothing more than — 
a thin transparent film of colouring extractive, nearly equal on the 
* In cask, too, the wine is changed by | der, they oppose the transpiration of ie 
evaporation, and the pores of the wood | alcoholic vapour, so that, whilst wine a 
seem to admit of the passage of agueous | the wood diminishes in bulk, it probably 
yapour, whilst, as is the case with blad- | increases in strength. — 


. 
‘fo 
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whole of the interior of the bottle, together with a slight sediment of 


the bitartrates of lime and potassa. Some of the rich. sweet wines 
acquire a flavour slightly resembling that of acetic ether after remaining 
many years in bottle, and during this change they become less and less 
saccharine. . | 

The effervescent wines are bottled before the fermentation, and con- 


sequent evolution of carbonic acid, is complete; the consequence is, that — 


that gas continues to be formed, and is necessarily retained by and com- 
pressed in the wine. Some of these wines are liable to become ropy; the 
glutinous part of the juice not having been entirely decomposed, in con- 


_ Sequence of the incomplete fermentation, separates in the form of a viscid 


matter, not unlike white of egg. Pure tannic acid, prepared according 
to Pelouze’s method (see p. 1103), is said by Dumas to prevent this effect; 
or even the addition of powdered galls to the wine before bottling. 
The colour of wines arises from various causes. Red wines derive 
their colour from the purple husk or skin of the grape, the colouring 
matter of which becomes soluble in proportion as alcohol is developed, 


_ and is reddened by the acid of the juice: tannin is derived from the same 


source, and perhaps sometimes from the seeds; this gives to red wines 
their astringency and action on the salts of iron. Some white mines, 
Sauterne and Barsac especially, and I think some of the Rhenish wines, 
become brown or even blackish, after a few hours exposure to air, which 
arises either from the presence of some modification of tannin, or from 
their containing, together with that principle, a trace of some protosalt of 
iron, which, by the action of the air, becomes peroxidized, and gives the 
colour.. The yellow or brown colour of what are called while wines arises 
from extractive matter; it is also frequently artificial, and the greater part 
of brown sherry is tinted by burned sugar. The colour of red wines is 
also often communicated by various additions, respecting which, and the 
means of detecting them, some details will be found in Brrzenivs’s 
Chemistry (iii. 949, Wohler’s edition). 


Axconot.—This term, which is of Arabic origin, is applied to the 


| intoxicating principle of vinous and spirituous liquors, a fragrant limpid 


liquid, the properties of which we shall proceed to examine. The 
history of alcohol is obscure, but its discovery is generally attributed to 
Raymond Lully, or to Arnold of Villa Nova, or Villeneuve, a chemist who 
resided at Montpellier, in 1300; but inasmuch as the Egyptians seem to 
have derived their chemical knowledge from the Oriental nations, and as 
we know that distillation was practised by them ata very remote period, it 
is more than probable that alcohol was amongst their numerous discoveries, 

The spirit of wine of commerce, is alcohol diluted by a variable pro- 


portion of water, and generally containing traces of a peculiar volatile: 


- oil, formed apparently during fermentation, and obstinately retained by 


the spirit, It is from spirit of wine that we obtain pure or anhydrous, or, 


as itis often called, absolute alcohol; for this purpose various methods 


are pursued, among which the following are preferable. ees 


» Put some pure lime, which has been well burned, into an alembic 0 


retort, and pour upon it, whilst yet warm, its weight of spirit of Wine, 
leaving the mixture for 24 hours, and then proceeding to distil it slowly 
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at a temperature below 212°. The first portions which pass over aré — 
pure alcohol ; the last portions, especially if the spirit was not very strong, 
are apt to contain water, and should therefore be kept apart. The 
alcohol may be regarded as anhydrous, when its specific gravity is not 
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diminished by a repetition of the distillation. (Gay Lussac, Ann. de Ch. 
Lxxxvi. 175; xcy. 311; Ann. de Ch. et Ph., ii. 130.) Acetate, tartrate, or 


carbonate of potassa are sometimes used to deprive alcohol of water and oil; _ 
but they are not so effective as lime*. 


When carbonate of potassa is used, 


it should be added warm to the spirit, and the mixture well stirred or 


shaken; such quantity is requisite as to leave a small portion of the salt 
undissolved: upon standing at rest, the mixture soon separates into two 
portions: the uppermost is the alcohol; the lower, an aqueous solution of 


the carbonate: the alcoholic portion, being carefully decanted from the 


residue, is to be put into a retort, and about three fourths of it distilled _ 


over at a moderate heat into a cooled receiver. Dry chloride of calcium 


* The volatile oil of corn spirit is se- 
parated in large quantities by Messrs. 
Bowerbank, under the name of oil of 
grain; it is probably identical with the 
volatile oil of potato-spirit, (the fusel 
oel of the Germans,) which has lately 
been the subject of a series of experi- 
ments by Cahours; it was previously 
examined by Pelletan and by Dumas. 
(Ann. de Ch. et Ph., xxx. 221; ivi. 314. 
Liesic, Chim. Organ., 592.) When 
potato-spirit is distilled, a milky liquid 
passes over towards the end of the 
operation which contains the above-men- 
tioned oil mixed with water and alcohol: 
the rough product contains about half 
its weight of the latter substances; it 
boils between 185° and 195°. To purify 
it it is agitated with water, and after 
having been left in contact of chloride of 
calcium, it is redistilled; as soon as the 
boiling point attains 270°, the recipient 
should be changed, as it then goes over 
pure. It is a colourless oily fluid, of a 
strong odour, agreeable at first, but after- 
wards eminently nauseous: when its 
vapour is inhaled, it causes asthmatic 
pains, coughing, and even vomiting; its 
taste is very acrid; it is inflammable and 
burns with a bluish-white flame; it boils 
at 270°; its density is 0°8124 at 60°. The 
density of its vapour is 3:147. It con- 
cretes into crystalline plates at—4°; it 
produces a stain on paper, which after a 
time vanishes; it becomes acid in con- 


Amyle % "4 ° 
Oxide ofamyle .- , 

Hydrate of oxide of amyle 
Bromide of amyle 


tact of air, is sparingly soluble in water, 


and mixes in all proportions with alco- 
hol, ether, acetic acid, and oils; it dis- 


solves sulphur, phosphorus, and iodine ; 


it may be mixed without change with 


solution of caustic potassa and soda, but 


when heated with solid hydrate of po- 
tassa, hydrogen is evolved, and, according 


_ A ree SF 4 
i eS 37a on Ce 


re Ak 


de 


to Dumas and Stas, a valerianate of po- — 


tassa is formed. It absorbs much hydro- 


chloric acid with evolution of heat; it 


gives sulphuric acid a violet tint; dis- 
tilled with anhydrous phosphoric acid a 
liquid hydrocarbon is obtained, called by 
Cahours amyleéne. 


According to Cahours, the purified — 


volatile oil above described. is the hy- 
drated oxide of abasic hydrocarbon, to 
which he has given the name of amyle, 
but which has not been isolated; its 


formula is (10ca7'+11h) and its symbol — 
ayl. The anhydrous oxide of amyle is — 


also unknown in a separate form. 


Amyle combines with iodine and bro- 
mine, forming liquid compounds, which _ 
are obtained by mixing iodine and bro- 


mine with the hydrated oxide and phos- 


phorus (15 parts of hydrated oxide, 8 of — 


iodine, and 1 of phosphorus). Compounds 


of sulphuric and of acetic acid with 


oxide of amyle have also been described, 
and also several double sulphates. The 


following are the formulze and symbols 


of some of these compounds':—_ 


~ (ocar+iu h)=ayl — 
» (0Car+i1h+o)=(ayl+o) 
(ocar-+11 h+0)+(h-+0)=(ayl+o)+q | 
(10Car+-n h+6)=(ayl+d) ? 


Bisulphate of oxide of amyle (4yl+0)+(25/)+¢ 


el 

ee 

~ cw 
: 
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_ may also be used, and is a very effective agent for the separation of the 
water from alcohol. Caustic potassa is sometimes employed, but it acts 
chemically upon the alcohol itself. Dried sulphate of lime, sulphate of 
soda, and some other anhydrous salts eagerly absorptive of water, have 
also been proposed, but they are inadequate to the total abstraction of the 
water. 

When spirit of wine is put into a bladder, or into a glass vessel 
with a wide mouth, tied over with bladder, it is found that the aqueous 
‘vapour penetrates the animal membrane, in preference to the alcoholic 
vapour, so that the spirit, by spontaneous evaporation, becomes thus 
- concentrated within the bladder or vessel; spirit of the specific gravity 
of -867, was thus easily reduced to ‘817. (Quarterly Journal, viii. 381, 
and xviii. 180.) But this, though a curious experiment, in illustration 
_ of the passage of vapours through membranes, is, at all events, only 
adapted to strengthen common spirit, and not to the preparation of pure 
~alcohol*. 

Professor Graham has ingeniously proposed to concentrate alcohol as 
follows. (Edinb. Phil. Trans., 1828.) A shallow vessel is sprinkled 

over with coarsely-powdered quicklime, and a smaller one containing 

spirit of wine is placed just above it; both are covered by a proper 

_ -pell-glass, upon the plate of an air pump, and the air exhausted till the 

alcohol begins to boil. Of the vapour which rises, the lime only absorbs 

_ the aqueous part, and as water cannot remain under these circumstances 
in alcohol, unless covered by an atmosphere of its own vapour, it con- 
tinues in uninterrupted evaporation, whilst the escape of alcohol is 
prevented by the pressure of its own unabsorbed vapour. If sulphuric 

acid be substituted as the absorbent instead of quicklime, it absorbs both 
vapours, and the whole of the spirit evaporates. 

Pure alcohol is a limpid, colourless liquid, of an agreeable smell, and 
a strong pungent flavour. From its action on the system it may be 
termed poisonous; when more or less dilute it is entoxicating. The 
mode in which it kills animals, and the physiology of inebriation have 
been studied by Orfila and by Sir B. Brodie. (Phil. Trans.) It is 
considerably lighter than water. Its specific gravity varies with its 
purity; the purest obtained by rectification over lime, or absolute alcohol, 
being *791; as it usually occurs it is *820, at 60°. If rendered as pure 
as possible by s¢mple distillation, it can scarcely be obtained of a lower 
Specific gravity than ‘825, at 60°. The London Pharmacopceia states 
reciified spirit to have the specific gravity of *835. Alcohol is sufficiently 
volatile to produce considerable cold during evaporation, though in this 
respect much inferior to ether: the degree of cold is proportional to the 
purity of the alcohol. (Quart. Journ., x. 187.) 

Alcohol has never been frozen, and consequently is particularly useful 
in the construction of thermometers intended to measure intense degrees 
of cold. Alcohol of the specific gravity of *7947, boils at 173°. (Bacay 
29°5.) When of a specific gravity of 825, it boils at the tempera- 
ture of 176°, under the same pressure. When its specific gravity 


* Smugglers, who bring spirits into | it lost bull, it acquired strength: hence 
Paris in bladders concealed about their | the preference given to this contraband 
_ persons, have long known, that although | article. 
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is as low as ‘800, its boiling point is 173°5°; and when ‘ raised 

the addition of water to a specific gravity of “900, its boiling poin 
according to Dalton, is elevated to 182°. A table of the boiling points of 
various mixtures of alcoho] and water, founded on M. Groening’s expe- 
riments, is given in the Annals of Philosophy, N.S., v. 313. In the 
vacuum of an air pump alcohol boils at common temperatures. The 
specific gravity of the vapour of alcohol, compared with atmospheric air, 
is 1613. (Gay Lussac, Ann. de Ch. et Ph., i.) One volume of alco- 
hol produces 488:3 volumes of vapour, calculated at the temperature 
of 212°. According to Berzelius and Dulong, the density of the vapour 
of anhydrous alcohol is 1:6004. (Ann. de Ch. et Ph., xv.) To become 
vapour, alcohol absorbs only 0°436 the heat required to evaporate an 
equal weight of water. According to Despretz, the latent heat of 
alcoholic vapour is to that of steam as 331:9 to 531. Dr. Ure (Phil. 
Trans., 1818) has given a table of the forces of vapour of alcohol at 
different temperatures. The expansibility of alcohol by heat is such, — 
that 1000 parts (specific gravity *817) at 50°, become 1079 parts at 
170°. At 110°, half way between the extremes, the alcohol was at 1039, 
or half a division below the true mean. The more the alcohol is diluted 
with water, the greater Mr. Dalton found the disproportion to be between 
the two parts of the scale. When of the specific gravity -967, corre~ 
sponding to 75 per cent. of water, the ratio of expansion through the 
first half between 50° and 170°, was to that through the second half as — 
35 to 45. (Henry’s Elements, ii. 319; 9th edit.) In the Ann. de Ch. 
et Ph. for January 1837 (uxiv. 1), there is an elaborate paper by Prof. — 
Muncke of Heidelburg, on the dilatation of absolute alcohol, and of — 
carburet of sulphur, by heat, in which are some valuable facts respecting — 
the maximum of density of those liquids, and their applications to — 
thermometric purposes. It appears that absolute alcohol, of the specific — 
gravity °791, is at its greatest density at a temperature of — 89°4° Cen- 
tigrade; and it is presumed that it would. freeze at—92° of the same 
scale. The following table of the contraction of alcohol in cooling down 
from its boiling point, is given by Dumas, as founded upon Gay Lussac's — 
experiments :— e3 - 


Temp. : Pie Temp. 


oe 

Cent. Fahr. Volume. Cent. Fahy. Volume. 
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Alcohol has a strong affinity for water, and at common naa 

tures absorbs a little of the aqueous vapour of the atmosphere. It 

may be mixed in all proportions, with water, and the specific gravity of | 

the mixture is greater than the mean of the two liquids, in consequence — 

of the diminution of bulk that occurs on mixture; this may be shown by 
the following experiment :— Orit ae 


full put in the stopper. The vessel will now he completely 
filled, the alcohol lying upon the water; if it be inverted, the 


' point, the contraction produced by fresh additions of water 


with a well-ground glass stopper. Fill the tube and lower bulb 


ensues will be indicated by the empty space in the tube. A 


of 60°. 


water. According to Rudberg, 100 volumes of this mixture, 
at 59°, contain 53°739 volumes of anhydrous alcohol, and 


all ee 
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_* The annexed woodcut represents a tube with two bulbs, 
communicating with each other, the upper one being supplied 


with water, pour alcohol slowly into the upper bulb, and when 


alcohol and water will slowly mix, and the condensation that 


considerable rise of temperature takes place in this experi- 
ment, in consequence of the condensation, Thus, equal mea- 
sures of alcohol (of a specific gravity of -825) and water, each 
at 50°, afford, when suddenly mixed, a temperature of 70°; 
and equal measures of proof spirit and water, each at 50°, 
give, under similar circumstances, a mixture of the temperature 
\ 


When alcohol and water are mixed, the contraction increases 


till the mixture consists of 100 parts of alcohol and 116-23 of 


49:836 of water; the condensation therefore amounts to 3°575. 
The specific gravity is 0°927 at 59°. Departing from this 


dilute alcohol, specific gravity 0°954, and water, were mixed, the specific 
gravity became 0:9768, whereas, if there had heen no expansion, the 
density would have been 0:9772. The following table calculated by 
Rudberg, from the experimental results of Gay Lussac and Tralles, fur- 
ther illustrates this subject. (Ann. de Ch. et Ph., xtviii. 33.) 


becomes more and more feeble, and terminates in apparent 
dilatation: thus Tillaye found, that when equal volumes of 


Contraction, in hun- Contraction, in hun- 
Volume of Alcohol dredthsofthevolume, | Volume of Alcohol dredthsof the volume, 
per cent. of the mixture.” per cent. of the mixture. 
100. ° ‘ag OP 50. . . » o'945 
95 : ° . 118 45 F : : 3°64 — 
90 . . ° . 1°94 40. . . ; o44 
85 ; ° ‘ 2°47 39 . ; : 3°14 
80 . F ‘ Ey; 30. ‘ , apy hie 
75 . * ° 3°19 Dente! ‘ z 2°24 
70. ; : . 44 20: . ; ‘ Sra ire 
Soe ee ee Oe Te She eee 
60. ° . bey 10: é Brae | yb 
55 ~ . . oae 5 . . 4 0°31 


In reference to this table, Dumas remarks, that the maximum of 
contraction indicates 55 per cent. of alcohol, but that Rudberg’s expe- 
riments place it at 54 per cent., which is equivalent by weight to ] atom 
of alcohol and 3 atoms of water, or 23+-27. 

The absolute amount of the contraction varies with the temperature ; 
according to Tralles, at 39° it amounts to 3°07; at 52° to 3:77; at 64° to2 
3:60; and at 100° to 3°31. (See also Gipin’s Tables.) 

The strength of such spirituous liquors as consist of water and alcohol, 


‘is ascertained by their specific gravity, and for the purpose of levying 


ay 
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duties upon them, this is determined by the hydrometer; but the only 
correct mode of ascertaining the specific gravity of liquids, is by weighing 
them in a delicate balance, against an equal volume of pure water, of a 
similar temperature*. # 
The facilities, however, in using the hydrometer are such as to render , 
it best fitted for the practical purposes of the excise, and, consequently, 
the Committee of the Royal Society have recommended to the govern-— 
ment a form of this instrument, which they consider best adapted to the — 
purpose, accompanied by proper tables; from their report I make the fol- 
lowing extract, which will explain the most important parts of the i inquiry 4 
relating to the composition and density of Proor Sprrirt. s 
‘With regard to the substance, alcohol, upon which the excise duty \ 
is to be levied, there appears to be no reason, either philosophical or 
practical, why it should be considered as absolute. A definite mixture of 
alcohol and water is as invariable in its value as absolute alcohol can 
be. It is also invariable in its nature; and can be more readily, and — 
with equal accuracy, identified by that only quality or condition to which — 
recourse can be had in practice, namely, specific gravity. A diluted — 
alcohol is, therefore, that which is recommended by us as the only © 
excisable substance; and as, on the one hand, it will make no difference : 
in the identification, and on the other, will be a great commercial 
advantage, it is Farther recommended that the standard be very nearly 
that of the present proof spirit. ‘ 
“The proposition of your committee is, that standard spirit be that — 
which, consisting of alcohol and water alone, shall have a specific gravity 
of 0-92 at the temperature of 62° Fahr., water being unity at that same — 


* There are other methods of judging 
of the strength of spirituous liquors, 
which, though useful, are not accurate, 
such as the taste, the size and appear- 
ance of the bubbles when shaken, the 
‘sinking or floating of olive oil in it, and 
the appearances’ that it exhibits when 
burned; if it burns away perfectly to 
dryness, and inflames gunpowder or a 
piece of cotton immersed in it, it is con- 
sidered as alcohol. ‘The different spiri- 
tuous liquors leave variable proportions of 
water, when thus burned in a graduated 
vessel. But it must be recollected that 
in rum, brandy, and several other spirits, 
the specific ‘gravity is often interfered 
with by extractive, ‘colouring, and sac- 
_charine substances, often fraudulently 
added with a view to diminish their 
apparent strength. In examining these 
liquors, they should be disti//ed in the 
manner described above in reference to 
wine, and the specific gravity of the dis- 
tilled portion will then give an indication 
of the proportion of alcohol per cent. that 
may be relied on. In respect, however, 
to. the excise, distillation is inconvenient, 
and is, therefore, I believe, only resor ted 
to in extreme or very suspicious cases. 


+ Hitherto the term proof spirit has 


been but indefinitely employed. Dr. 
Thomson, quoting the act of parliament 
of 1762, states, that at the temperature 
of 60°, the specific gravity of proof spirit 
should be 0°916; and he also observes 
that proof spirit usually means a mixture 
of equal bulks of alcohol and water ; 
the specific gravity of such a mixture 
will, of course, depend upon that of the 


standard alcohol, which is not specified. 


but 


It appears from Ginprn’s Tables, that — 


spirit of the specific gravity 916, at 60°, ~ 


consists, by weight, of 100 parts of alcohol, 
specific gravity °825, at 60°, and 75 of 
water; and, by measure, of 100 parts of 
the same alcohol, and 61°87 of water. 


From the Tables of Low1rz, quoted 


by Dr. Thomson, from Creil’s Annals 
(1796; i. 202), equal weights of alcohol, 
specific gravity °796 at 60° (and which 
may be regarded as pure alcohol), and 


water, have a specific gravity of *917,_ 


which is very near legal proof, and which, 
according to Giip1n’s Tables, contains 
62°8 parts per cent. of his alcohol, dy 
measure. Lhe proof spirit of the Phar- 
macopeia (spiritus tenwior) is directed to 
be of the specific gravity ‘930. 


ee 
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temperature; or, in other words, that it shall at 62° weigh ,°2,ths, or 23ths 
of an equal bulk of water at the same temperature. The temperature of 
62° Fahr. is recommended as the standard, because it is that at which 
water was taken in the late national survey and adjustment of weights 
and measures. ‘The specific gravity of.0-92 is taken rather than 0:918633 
(the specific gravity of present proof-spirit at 62°), because the fraction 
expressing its relation to water is much more simple, and will facilitate 
the construction of the tables and the verification of the instruments pro- 
posed to be used. 

_“This definition of standard spirit appears to your committee to be 
very simple, and yet as exact as it can be, or as any olher standard spirit 
can be. This standard is rather weaker than the old proof spirit, in the 
proportion of nearly 1-1 gallon of the present proof spirit per cent. But 
this disadvantage your committee consider as trifling compared with the 
great convenience which will result if the specific gravity of 0°92 be taken 
rather than 0:918633. 

“Tt may be interesting hereafter to ascertain what proportion of abso- 
lute alcohol enters into the composition of the recommended standard 
spirit, should the latter be adopted by the government; but the point 
possesses not the slightest practical importance in relation to the present 
question. ‘The proposed standard is in fact more definite, more sure, and 
more ascertainable than that of the alcohol which it must contain. 
Philosophers are not yet agreed upon absolute alcohol, and the differences 
of specific gravity assigned at 60° vary from °7910 to °7980. But as- 
suming the truth to be somewhere within these extremes, the proposed 
standard would contain nearly one-half by weight of absolute alcohol: 
7947 at 59°, Berzexius; °7960 at 60°, Turner from Saussure? -7910 
at 60°, BranpE; °7980, Craussinr; °79235 at 64°, Gay Lussac. 

‘In any mixture of alcohol and water the specific gravily appears to 
be the only quality or condition to which recourse can be had for the 
practical purposes of the excise, in order to indicate the proportion of 
standard spirit present. Your committee are of opinion that the hydro- 
meter is the instrument best fitted in the hands of the excise officer to 
indicate that specific gravity; and they think it ought to be so graduated 
as to give the indication of strength, not upon an arbitrary scale, but in 


terms of specific gravity at a fixed temperature, which, in the present case, 


should be 62°, or that of the standard spirit. The graduation in terms of 


specific gravity will not only supply a very minute yet sensible scale for - 


the purpose of ascertaining smaller differences in the density than is done 
by the present scale, but will also afford an easy means of verifying the 


instruments when required.” 


In the Philosophical Transactions for 1794, Mr. Gilpin has given a 
copious and valuable series of tables of the specific gravity of mixtures of 
alcohol and water, and of the condensation that ensues, with several other 
particulars. These are extremely useful, as enabling us to ascertain, 


‘without difficulty, the relative quantity of alcohol contained in any mix- 


~ ture of known specific gravity. The original tables are very vcluminous, 


and have been variously abridged: but as they are published separately, _ 
they should be in the hands of all persons: engaged in these inquiries. 
As far as the experimental chemist is concerned, the following table, by 
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Lowitz, will probably be found sufficient. It shows the quantity of 
absolute alcohol (specific gravity *7960 at 60° 
hol of different specific gravities™. 


__ * French authors are still in the in 
. hydrometer in speaking of the specific gr 


100 parts. 


Sp. Gravity. 
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100 parts. 


Sp. Gravity. 


At 68°. 


.0°839 


0868 


0°791 
0°794 
0°797 
0°800 
0°803 
0°805 
0°808 
0°811 
0°813 
0°816 
0-818 
0°821 
0°823 
0°826 
0°828 
0°831 
0°834 
0°836 


0°842 
0°844 
0°847 
0°849 
0°851 
0°853 
0-356 
0°859 
0°861 
0°863 
0°866 


0°870 
0°872 
0°875 


At 60°. 


0°796 
0°798 
0801 
0 804 
0°807 
0-809 
0°812 
0°815 
0°817 
0°820 
0-822 
0°825 
0°827 
0830 
0°832 
0°835 
0°838 
0-840 
0-843 
0°846 
0°848 
0-851 
0°853_ 
0°855 | 
0°857 
0-860 
0°863 
0°865 
0°887 

0-870 
0°872 
0-874 

0-875 
0-879 


Ale. 


FOR LIQUIDS LIGHTER THAN. WATER. 


. | Deg. Sp. Gr.| Deg. 


| 21 = ‘929 
22 915 
23-909 
24. 903 
25 +897 
26 892 
27-886 
28 880 
29° +874 
30. -867 
31-861 


Sp. Gr. 
32 = °856 
33 *852 
34 °847 
30 *842 
36 837 
37 *832 
38 §=—°827 
39 "622 =; 
40+ “817 


At 68°. 


0°877 
0°880 
0°882 
0°885 
0°887 
0°889 
0°892 
0°894 
0°896 
0°899 
0°901 
0°903 
0°905 
0°907 
0'909 
0°912 
0914 
0-917 
0‘919 
0921 
0°923 
0925 
0°927 
0930 
0°932 
0:934 
0:936 
0°938 
0°940 
0°942 
0°944 
0°946 
0°948 
0°950 


Deg. Sp. Gr.| Deg. Sp. Gr. 
= 1°000 


0 


At 60°. 


0°881 
0°883 
0°886 
0°889 
0°891 
0°893 
0°896 
0°89 
0'900 
0:902 
0°304 
0'906 
0°908 
C910 
0912 
0°915 
0°917 
0°920 
0°922 
0924 
0:926 
0°928 
0'930 
0°933 
0°935 
0°937 
0°939 
0°94] 
0:943 
0°945 
0°947 
0°949 
0°951 
0°953 


100 parts. 


Alc. | Wat. 


CorNOR OOOO 
iea) 
or 


Sp. Gravity. 


At 68°. 


0°952 
0°954 
0°956 
0°957 
0°959 
0°961 
0'963 
0°965 
0:966 
0:968 
0°970 
0971 
0°973 
0°974 
0976 
0'977 
0°978 
0'980 
0°981 
0983 
0°985 
0:986 
0987 
0°988 
0°989 
0-991 
0-992 
0:994 
0°995 
0:997 
0-998 
0-999 
1-000 


) contained in diluted alco- 


0°955 


0°958 
0960 


0:965 
0°967 
0968 
0'970 
0972 
0°973 
0:974 
0-975 
0977 
0'978 
0°979 
0°981 
0°982 
0°984 
0°986 


0°988 
0°989 
0'990 
0°991 


convenient habit of referring to Baumé’s 3 
avities of liquids, both lighter and heavier ~ 
than water: the following tables show the real specific gravities at 


the temperature 
of 55° Fahr., corresponding with the degrees of Baumé’s instrumen ‘ 


t. 


FCR LIQUIDS HEAVIER THAN WATER. 


1020 
1:040 
1064 
1-089 
1114 
1°140 
1170 


1°200 - 


27= 1°230 
1:261 
1:295 
1°333 
1:373 
1414 


1°500 
1°547 


1455. 


Deg. Sp. Gr. ' 


54= 1°594 
57 =1°659 
60° 


1°848 


At Go, | 
0°957 | = 


0962} 
0963 | 


0°987 | 


0-992 | 


eye iy 
17 


1920. 
2:000: sy aie 
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Axcounon is extremely inflammable, and burns with a pale-blue flame, © 


3 scarcely visible in bright day-light. The heat, however, of its flame is 


yery intense, as may be shown by suspending in it a coil of fine platinum. 


wire, which becomes white-hot. It occasions no fuliginous deposition 


upon substances held over it, and the products of its combustion are 
carbonic acid and water, the weight of the water considerably exceeding 
that of the alcohol consumed. According to Saussure, jun., 100 parts of 
alcohol afford, when burned, 136 parts of water, the production of which 
may be shown by substituting the flame of alcohol for that of hydrogen, 
in the apparatus, fig. 229; and if the tube at its extremity be turned 
down into a glass jar, it will be found that a current of carbonic acid 
passes out of it, which may be rendered evident by lime-water. 

When alcohol is burned at alower temperature than that required for 
its inflammation, as by the action of hot platinum (p. 226), the pro- 


‘ducts of its combustion are very different; the proportion of carbonic 


~ acid is less, and acetic acid is formed. 


There are some substances which communicate colour to the flame 
of alcohol; from boracic acid it acquires a green tint; nitre and the 
soluble salts of baryta cause it to burn yellow, and those of strontia 


give it a beautiful rose-colour; cupreous salts impart a fine green tinge. 


The curious monochromatic effect of common salt has been above 


adverted to (p. 224, note). 


Mr. Graham has shown that alcohol may, in many instances, be 
combined with saline bodies, forming, as it were, a substitute for water: 
of crystallization. Such combinations may be called alcohates. ‘They 
are obtained by dissolving the substances by heat in absolute alcohol, and — 
are deposited as the solution cools, more or less regularly crystallized. 
They appear to be definite compounds, and in some of them the alcohol 
is retained by an attraction so powerful, as not to be evolved at a tempe- 
rature of 400° or 500°. Mr. Graham has examined the alcoholic com- 
binations of chloride of calcium, nitrate of magnesia, nitrate of lime, 


chloride of zinc, and chloride of manganese. (Quarterly Journal, N.S.,, 


Dec., 1828.) : is 

The action of chlorine and. other halogens on alcohol we shall con- 
sider amongst elhers. It dissolves nearly all the acids, giving rise to an 
important and varied class of compounds, resulting from their mutual 
action: these also will be described in the next section, relating to ether; 


but there are also a series of curious phenomena, arising out of the mere. 
_ mixture of aleohol and acids, first observed by Chevreul, and subsequently 


examined by Pelouze. When sulphuric acid, for instance, is mixed with 


alcohol, the mixture has no action upon any neutral carbonate, and yet 


it decomposes acetate of potassa, evolving acetic acid. A mixture of 


alcohol and hydrochloric acid does not act upon carbonate of potassa, but 
it decomposes the carbonates of soda, lime, strontia, and magnesia. A 
mixture of alcohol and nitric acid is without action upon carbonate of 
potassa, but it acts powerfully on carbonate of lime, and of strontia, and. 
slowly on carbonate of soda, baryta, and magnesia. An alcoholic solution 
of acetic and of tartaric acid decomposes none of the carbonates: a 
similar solution of citric acid decomposes carbonate of potassa and of 


‘magnesia, but not carbonate of baryta, strontia, or lime; and the alcoholic. 
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solution of oxalic acid decomposes carbonate of strontia, of lime, and of 
magnesia, but not carbonate of potassa. The addition of a small quantity ; 
of water does not affect these mixtures, for when a saturated solution of 
carbonate of potassa is mixed with the alcoholic solution of acetic acid, 
the carbonate is precipitated without effervescence: an alcoholic solution, ' 
therefore, may appear neutral to tests, whilst, in reality, strongly acid, 
It is difficult to suggest an explanation of these statements. 

Alcohol dissolves a small quantity of sulphur, especially at its boiling: 
temperature, but the greater portion is deposited, on cooling, in small 
brilliant crystals: the solution has a peculiar odour. When a flask of 
alcohol is suspended in the head of an alembic, containing sulphur, and 
the latter melted, so that as its vapour rises it may be condensed with 
that of the aldehol a reddish-yellow liquid passes over, containing sul- — 
phuretted hydrogen: this solution becomes milky upon the addition of — 

water, and appears to contain about a hundredth part of sulphur. A — 
very similar solution may be obtained by passing sulphuretted hydrogen ~ 
into alcohol, under slight pressure. Alcohol also dissolves phosphorus, 
taking up about a 240th part at its boiling point, and retaining a 320th 
part when cold. This solution is luminous in the dark on exposure to — 
air, and produces a beautiful pale, but ineffectual flame, when poured ~ 
upon hot water. Carbon is insoluble in alcohol, but it dissolves carburet 
of sulphur, and the solution is decomposed by the alkalis (see p. 574). 

Potassium and sodium slowly decompose alcohol at common tempe- 
ratures; heated with it, they evolve carburetted hydrogen. Potassa and — 
soda are soluble in alcohol, and it is sometimes resorted to as a means of 
the purification of those alkalis; after a time, however, they begin to act — 
upon each other, and complicated changes ensue; carbonate of the alkali — 
is formed, and carbonaceous matter evolved, on the application of heat; — 
by their slow mutual action, acetic acid, a resin, and a species of brown — 
extractive, appear to be formed. Ammonia and its carbonates are solu- — 
ble in alcohol: it absorbs a large quantity of ammoniacal, and of several 
other gases. Lithia, baryta, strontia, and lime, are almost insoluble in — 
alcohol, even in their hydrated states; so also are the fixed alkaline 
carbonates: their sulphurets are soluble. The greater number of the 
chlorides”, iodides, and bromides, which are soluble in water, are soluble — 
also in alcohol, and with ‘many of them definite. aléoholized: compounds _ 
are produced: the same is the case with some of the nitrates; but the — 
sulphates are almost all insoluble, hence the use often made in the ana- 
lysis of mixtures of salts, of the separative power of alcohol. :. 

The uses of alcohol in the arts, and its applications to various econo= _ 
mical purposes, are extremely numerous: to the chemist it is a most 
valuable species of fuel, but we are almost debarred from its use by its 
high price; and for the same reason many manufactures, in which alcohol _ 
is an essential agent, cannot be productively carried on in this country. 
Its solvent powers, in regard to resins, oils, and other organic products, 
have been elsewhere noticed: its medicinal and pharmaceutical employ- — 


“ The mutual action of chloride of | salts, of which hydrocarbon and the — 
platinum and alcohol has been studied | chlorides are the elements: ; he terms 
by Zeise, and his inquiries seem to lead | them ether ized salts, ‘ 
to the existence of .a peculiar class of 


id 
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“ment is also important; and as an exhilarating stimulant in wines, beer, 


and other fermented liquors: the mischief, on the other hand, which 
results from its improper use, is very extensive, as illustrated in the 
broken constitution of mind and body which characterizes the dram- 
drinker and the habitual drunkard. 


Decomposition AND Component Parts or Atconor.— When alcohol 
is passed through a red-hot tube it is decomposed, more or less perfectly 
according to the temperature, and to the rapidity of its passage: the most 
accurate experiments upon this subject are those of T. de Saussure (Ann. 
de Chim., xtii. and Lxxxix.); he passed the vapour of alcohol slowly 
through a red-hot porcelain tube; there was deposited upon its interior 


‘alittle charcoal, a volatile crystalline substance (probably naphthaline), 


and a brown empyreumatic oil; and gas was evolved, the specific gravity 
of which was 0°586, and which was a mixture of carburetted hydrogen, 
carbonic oxide, and hydrogen. 

When alcohol vapour and oxygen are mixed in proper proportions, 
and fired by an electric spark, a violent explosion ensues, and carbonic 
acid and water are the results: 1 volume of alcohol vapour requires 3 
volumes of oxygen for its perfect combustion, and the result is, 2 volumes 
of carbonic acid, and 3 volumes of aqueous vapour. 

Dumas and Boullay analyzed alcohol by oxide of copper (Ann. de 
Ch, et Ph., xxxvi. 294), and the results of their experiments, with those 
of other analysts (corrected for absolute alcohol), give the following as 


the composition of this fluid :— Dinas aad 
Saussure. Boullay. 

CatGh dt ee koe TOES eo OBIS ee em GE98 “so ae Say 

Piydroceie ces wey ei Sa e 6 1304 i370.) «Isak 

Oxygen . 1 Bo SATE. SN BEBE on ay See 

1 


Anhydrous alcohol 23 109-00 100°00 100°00 


It has been above stated, that the specific gravity of alcohol vapour 
is 1:60, and with this its calculated density, in reference to the above 
analysis, closely agrees, for 

Vols. Sp. Gr. 
Carbon vapour lt. . 08438 
Hydrogen gas 3° . . 0°2064 sae 
Oxygen gas . 05 . . 0°5513 


—— ——=- 


Alcohol vapour 1 16015 


And these results, expressed in other terms, are equivalent to olefiant gas 
and water™, or | 


Vols. Sp. Gr. 
Olefiant gas 1 14a 60-9) Ty eg es OCS 
Water s:-s 1 Os! Gender BOL) eT . 0°620 
Alcohol 1 23 1000 = | 1601 


Adopting these views of the atomic composition of alcohol, its equivas ° 
lent is 23, but chemical authorities differ upon this subject, some repre- 


senting alcohol by the equivalent 46, and considering it as a compound 


of 1 atom of etherine = 28 (see p. 547), and 2 atoms of water = 18, or 


* According to Dr. Ritchie, alcohol is resolved by electrochemical decomposi- 


_ tion into olefiant gas and water. 
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a binhydrate of etherine. This is the atomic composition of alcohol, as 
given by Dumas; and it will be found, in some cases, a more convenient — 
theoretical expression than the former. In reference, then, to the pre- 
ceding statements, we may adopt any of the following representative — 
formule for alcohol: (2C@”r + sh +0), or (2CAr + 2h) + 4, or © 
(4car + 4h) +2Q; and the following diagrams will further illustrate — 
them, and show the number of component atoms or volumes that are — 
condensed in ] atom of alcohol, or in 1 yolume of alcohol vapour’. 


Carbon 


az 


Alcohol -Olefiant | Aqueous Vapour of | _ 


Hydrogen | Hydrogen }| Hydrogen Vapour ¥ Gas Vapour Alcohol 


1 1 1 


Oxygen 
| 8 | 
§ XXII. ETHER. 


WHEN mixtures of alcohol, and the stronger acids, are subjected to 
distillation, a liquid is formed to which the term ether is applied, (or by 
the Germans, naphtha,) and the nature and composition of which differs 
according to the acid employed; in some cases, containing the acid or its 
elements; and in others, not containing them. Ether of the latter de- 
scription, is produced by the mutual action of alcohol and sulphuric acid, 
and is frequently termed sulphuric ether, but I shall merely term it ether, 
and shall designate those ethers which do contain the acid or one of its. 
elements, by the acid employed, such as nitrous, hydrochloric, acetic ether, 
&c. The compounds which accompany the formation of the various 
ethers, or which are essential to their production, will also be considered: 
in this section. ‘ 


Erner. Surpuuric Erser. Oxiner or Ernvure. — This liquid is 
first described by Valerius Cordus in 1540, under the name of oleum 


23 ae, dé 9 


* T have stated, in reference to the’ analysis of sugar, the difficulty of deter- 
mining the equivalent of that compound as regards the atoms of carbon: if we 
adopt Gay Lussac’s view of the conversion of sugar into alcohol, sugar must be 
regarded as a compound of 3 atoms of carbon, 3 of hydrogen, and 3 of oxygen, 
which, by fermentation, is resolved into 1 atom of carbon and 2 of oxygen =, 
carbonic acid,—and into 2 atoms of carbon, 3 of hydrogen, and 1 of oxygen = 
alcohol; or if we adopt symbols, the change would stand as follows:— 

45 Sugar * = 22 Carbonicacid ~*~ and 23 Alcohol. 
sige OR Pe Bis es ae SenvetEEA? 
(scar+3h+30) = (car+20) + (ecar+sh+0) 
According to Gay Lussac, 100 Ibs. of sugar should afford 51°34 of alcohol and 48°76 
of carbonic acid; and the conversion of sugar, without the absorption of oxygen, 
into carbonic acid and alcohol, is strongly in favour of this view of its atomic con- 
stitution, and opposed to that which supposes an excess of carbon. According to 
Liebig, cane sugar passes in fermentation into the state of grape sugar, and | atom 


of grape sugar = (12car+ 124+120), yields 4 atoms of carbonic acid =4(car+20) 
and 2 atoms of alcohol = 2 (4 car+6h+20). — 
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vitrioli dulce. The term elher was applied to it 190 years afterwards by 
Frobenius, who, in a paper in the Philosophical Transactions, described 
its singular /properties; at the end of this paper is a note by Godfrey 
_ Hankwitz, Mr. Boyle’s operator, mentioning the experiments that had 
been made upon it by Boyle and by Newton. Since that period the 
process of etherification has been minutely studied. 


Propuction or Ernrer.—1l. Ether is usually obtained either by dis- 
tilling a mixture of sulphuric acid and alcohol, or by suffering alcohol 
gradually to dribble into the heated and somewhat diluted acid. Mr. R, 
Phillips’ directions for the former process are as follows:—‘‘ Mix with 
16 ounces of sulphuric acid, an equal weight of rectified spirit, and distil 
about 10 fluid ounces; add 8 ounces of spirit to the residuum in the 
retort, and distil about 9 fluid ounces; or continue the operation until 
the contents of the retort begin to rise, or the product becomes consider- 
ably sulphurous; mix the two products, and if the mixture consist of a 
light and heavy fluid, separate them: add. potash to the lighter, as long as 
it appears to be dissolved; separate the ether from the solution of potash, 
and distil about nine-tenths of it, to be preserved as ether sulphuricus, 
the specific gravity of which ought to be at most °750.” (Eaperimenta 
Examination of the London Pharmacopeia.) 

Preparing ether upon a larger scale, it was found that 14 parts of 
alcohol (specific gravity 820), mixed with an equal weight of sulphuric 
acid (specific gravity 1°8), and submitted to distillation, afforded about 8 
parts of impure ether (specific gravity °770). 7 parts of alcohol were 
then added to the residuum, and about 7} parts more of impure ether 
drawn off. These products, when mixed, had a specific gravity of about 
‘782, and when rectified by distillation on carbonate of potassa, afforded 
101 parts of ether, of a specific gravity of °735, and about 32 parts of 
ethereal spit, which was employed instead of an equal quantity of 
alcohol in the next operation. 

These processes, when carried on on a small scale, may be conducted 
in glass retorts with adopters and cooled receivers; but upon the large 
scale, a leaden still or alembic is most convenient. The ether-apparatus 
employed at Apothecaries’ Hall, consists of a leaden still, heated by 
means of high-pressure steam carried through it in a contorted leaden 
pipe; a tube enters the upper part of the still, for the purpose of suffering 
alcohol gradually to run into the acid in a way which I shall presently 
explain. The still-head is of pewter, and is connected by about 6 feet 
of tin pipe, with a very capacious condensing-worm, duly cooled by a 
current of water; the receivers are of pewter with glass lids, and have a 
side tube to connect them with the delivering end of the worm-pipe. In 
conducting this operation, too much caution cannot be observed in avoid- 
ing the proximity of fire, and the use of fragile vessels; in all cases in 
which ether is to be dealt with these cautions cannot be too strictly 
enforced, as will be more evident when its properties are stated. One of 
the great advantages in using steam as the source of heat is, that it 
- obviates the necessary vicinity of fire. 3 
£2. Boullay’s process for the production of ether, which is preferable to 
the former, is the following:—equal parts of sulphuric acid and of alcohol 


y 
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(specific gravity ‘837) are cautiously mixed in a tubulated retort con- — 


nected with a tubulated receiver by means of a long adopter; the retort 


is placed in a sand-heat,.and the receiver cooled by the proper applica- 


tion of water. An S tube passes air-tight through the tubulature of the 
retort, the lower end of which is drawn out into a very small or almost 
capiliary opening, and so adjusted as to dip to about two-thirds of the 
depth of the liquid in the retort; heat is then applied by the sand-bath 
till the contents of the retort just begin to appear to boil; the fire is then 
slackened or damped so as to keep up a regular ebullition, and as the 
apparatus is air-tight; the expansion within is suffered to escape bya 
siphon tube, which passes through the tubulature of the receiver. When 
about 2 pints of product have passed over, an equal quantity of alcohol is 
so gradually suffered to trickle into the retort by the S tube, as not to 
check ebullition, but to compensate for that which distils over; when, in 


this way, a quantity of alcohol has been added equal to that contained in — ; 


the original mixture, the operation is generally left to itself, and as soon 
as white vapours, and drops of oil appear in the adopter, the fire is with- 


drawn. ‘The products of this distillation are usually divided into three — 


parts; the first is alcohol with a little ether, which first passes over; 
the second and largest portion is mixed with a sixteenth of its weight of 
carbonate of potassa, which abstracts water and sulphurous acid, and 
decomposes any oil of wine that may chance to be contained in it; this 
mixture is shaken, and when the ether has acquired a sweet and pure 
odour, it is rectified by slow distillation from a water-bath till two-thirds 
of its original bulk have distilled over; this portion is pure ether. The 
residue of the rectification is mixed with the last portion of the original 
distillation, and kept for some days in contact with the carbonate of 


potassa before used, and a little water and peroxide of manganese are — 


added so as to get rid of the sulphurous acid; when this is done, the 
stratum of ether is drawn off and rectified, but it never equals in quality 
that of the former part of the process. 

It will be observed that, in this process, a large additional quantity 
of alcohol is gradually added, and converted into ether by the original 
portion of sulphuric acid: and by obvious contrivances, the same thing 
may be effected with the still and apparatus used on the large scale. 

3. Mitscherlich (in the first volume of his Lehrbuch der Chemie) 
has added some important facts to the preceding details, and has given 


a form of apparatus for the production of ether which well illustrates it. 


It consists of a large flask or bolthead, the mouth of which is closed with 
a cork having three perforations, one of which allows the insertion of a 
thermometer by which the temperature of the contents of the flask can 
be regulated; the second admits of the passage of a small tube termi- 
nating at its upper end in a funnel, and at its lower, within the flask, in 
a capillary opening which dips into the liquid; from the third aperture a 
tube issues for the conveyance of the vapours generated within the flask 
into a proper condenser immersed in cold water; the end of this tube 


within the flask is slanted off, so that liquid forming in it may drop back _ 


a 


into the flask and not obstruct the free egress of the vapour. Absolute _ 


alcohol is first poured into the flask, and then sulphuric acid, somewhat 
diluted, is gradually added, care being taken to prevent the heating of 
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the mixture above 250° (120° Cent.). The proportions are 100 parts 


of sulphuric acid (which already contains 18:5 of water) diluted with 20 


parts of water, and mixed with anhydrous alcohol, in the proportion of 
50 parts to every 100 of concentrated acid. To this mixture heat is 
applied, and it is kept boiling till the thermometer within the flask indi- 
cates 284° (140° Cent.) ; two strips of paper are then pasted upon opposite 
sides of the flask to indicate exactly the bulk of its contents, by showing 
the level of the liquid within it; alcohol is then suffered to flow in by 
the funnel-tube, the supply being so regulated as to maintain the boiling 
point at-284°. If, having set out with 9 ounces of sulphuric acid, 14 oz. 
of water, and 3 ounces of alcohol in the flask, the specific gravity of each 
successive 2 ounces that pass over into the receiver attached to the con- 
denser be determined, that of the first 2 ounces will be 0°780, that of the 
two following 0°788, and this gradually increases to 0°798, at which the 
density generally arrives by the ninth or tenth ounce, and then remains 
constant; that being nearly the density of the alcohol used. 

_ If the precaution just stated respecting the adjustment of the tem- 
perature be strictly attended to, any quantity of alcohol may be etherized 
by the same portion of acid, which is no further altered than by foreign 
matters which may be accidentally present, or by the volatilization of a 
minute portion along with the ethereal vapour. 

The liquid which passes over through the condensing apparatus into 
the receiver, separates into two parts, the lighter stratum being ether, 
with a little aleohol and water; and the heavier, water, with a little 
alcohol and ether; and when the process has been carefully conducted, 
the weight of these products exactly corresponds with that of the alcohol 
consumed. In an experiment in which a large quantity of product had 
been obtained, it was found to consist of 65 ether, 18 alcohol, 17 water; 
now the quantity of water which should have been evolved in the pro- 
duction of 65 parts of ether is 15-4; so that the practical is as near to 
the theoretical result as could be expected, considering the impossibility 
of preventing the loss of ether by evaporation, and including errors of 
experiment. Careful manufacturers obtain from 100 parts of spirit of 
Wine, containing 76 parts by weight of anhydrous alcohol, 60 parts of 
ether of the specific gravity 0°727; according to calculation, they should 
obtain 58 parts of ether of 0°724. With this diluted alcohol, the water 
which passes over is of course in greater quantity than when absolute 
alcohol is used. | | | 

The ether of commerce almost always contains alcohol, which mate- 
rially affects its density; sometimes it also contains water, which is 


the case with what is termed washed ether; and if ether has been long 


prepared, it is often slightly acid, and leaves a peculiar odour when 
rubbed upon the hand. In order to procure from it perfectly pure ether, 
it must be well shaken in a close vessel with about twice its bulk of | 
water, and allowed to separate upon its surface; it is then poured off, and 
a sufficient quantity of well-burned lime added to it, by which the water 
which it had acquired by the agitation is abstracted; the mixture of ether 


~ and lime is then distilled, care being taken to prevent all escape of vapour, 


and to keep the condensing-receivers cold, and the first third that distils 


over may be considered as pure ether, free from alcohol and from water. 
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Propertirs or Erner.—Ether is a transparent, colourless, limpid 
liquid, of a peculiar penetrating and agreeable odour, and a pungent and — 
sweetish taste; it is highly exhilarating, and produces a remarkable — 


species of intoxication when its vapour is respired mixed with air. It 


is neither acid nor alkaline; it has a high refractive power in regard to — 


light, and is a non-conductor of e electricity. 


The specific gravity of ether, at 68°, is according to Saussure 0-715; — 
according to Gay Lussac its specific gravity (in reference to water at — 


its maximum density) at 90° is 0°69739; at 76° = 0°71192; at 68° = 


0-7154; and at 54° = 0°7237. Assuming the water at the same tempe- | 


rature as the ether, its specific gravity at 68° is = 0°71654; and at 58° it 
is = 0°7240. According to Dumas and Boullay the specific gravity of 


ether at 68° is = 0°713. This exactly agrees with my own determination — 


of the specific gravity of ether at 60° which had been washed and dis- 
tilled off quick- lime; this refers to water at 40°. 


Kther is eminently volatile*. At mean pressure, it boils according to 
Gay Lussac at 96:5°. Ether of the specific gravity of *720 may be said — 
to boil under a pressure of 30 inches, at 98°. Upon this subject, however, ~ 
the best authorities vary a little, in consequence, perhaps, of variations in — 


the density of the ether and of barometrical pressure, circumstances which 


easily influence the boiling point of this liquid; it is also much affected by 4 


the nature and cleanliness of the vessel in which the experiment is made. 
Dr. Bostock found that, in a clean glass tube, it might be heated con- 


siderably above its boiling-point, but that when in that state a few metal 


filings or other solid particles were thrown into it, its temperature in- 
stantly fell, and it entered into ebullition. (Ann. of Phil., 2nd series, vil. 


296.) The extreme volatility of ether renders it impossible to pour it — 
from one vessel to another without losing a portion by evaporation, and = 
its vapour, in consequence of its density, is easily discerned passing off ~ 
from the liquid: it is this which renders it so dangerous to expose ether 


near to, and especially above, the flame of a candle. This density of 
ethereal vapour is well shown by dipping a flock of cotton into ether, and 


placing it within a glass tube of about an inch diameter, and 18 or 20 — 


inches long; the ethereal vapour will descend and escape from the lower 
end of the tube, where it may be inflamed by a lighted taper, but none 


rises to the upper end of the tube. If the lower end of the tube be 
drawn into a point and bent upwards, the ethereal vapour may there a ae 


burned in the manner of a gas-light. 


The great density of ethereal vapour was first noticed by Dr. a 
Ingenhouz. (Nouvelles Expériences, p. 180.) Experiments have been — 
made upon this subject by Dalton (Manchester Mem., 2nd series, 
iii. 260) and by Gay Lussac and Despretz. (Ann. de Ch. et Ph. i 
218, and xxi. 143.) The results of the latter experimentalists closely — 
agree, and place the density of ethereal vapour, at mean pressure and — 


temperature, between 2°5808 and 2-5860 in reference to airas = 1. At 


the temperature of 212° 1 volume of ether gives 212 volumes of vapours 


* See the experiments at pp. 175 and |.ous that were it not for atmospheric 


183, (figs. 63 and 67,) in reference to the | pressure we should only know ether as & 
low boiling point, and the cold produced | gas or vapour, for in vacuo it boils at all 
by the evaporation of ether, It is obvi- temperatures, 


ETHER. 1279 
-. The elastic force of ethereal vapour is shown by letting a drop or two 
pass up into the vacuum of a barometer, when it instantly depresses the 
mercury several inches, more or less according to the temperature: hence 
also, when thrown up into gases standing over mercury, it greatly augments 
their bulk. The following table shows the result of Mr. Dalton’s experi- 


ments on the force of ethereal vapour at different temperatures. 


Temp. Force of Ethereal vapour. 
SBR. é «  7°5 inches. 


64 , : : 150 
96 ° ° . 30C 
132 . . “ 60°0 


Temp. Force of Ethereal vapour. 
ES . - » 120°0 
yAC Aare - 208-0 
220 ° ° - 240°0 


The volume of liquid ether is extremely affected by change of tempe- 


rature; much more so than that of alcohol. 


The following are the 


results of Gay Lussac’s experiments upon this subject, in which the 
volume of ether, at its boiling point, is assumed = 1-000. 


Cent Fahr. Bulk. 
35°66° . . 95° . . 1000°0 
MUCGt 6) Ul, hs 9919 
20°66 FG OOS 983°8 
20°66. 50%, FO> eo 9758 
BotGOwire es of, os o> 96072 
10°66; .-... do] .,.. 9609 


According to Fourcroy and Vauquelin, ether 


Cent. Fahr. Bulk. 
566° . 42° - 953°6 
O6E (2S 38°20 946-6 
SUL IS DN SNP BE TOS 
O38 Lome had ov i 9845 
—=14°33 2.06 4 «2. 9280 
1935-5 ss ob» 6 O22 


congeals or crystallizes 


when cooled down to —46° (Ann. de Ch. xxix. 289), but neither 
Thenard nor Bussy have been able to freeze it, so that the ether used by 
the former experimentalists was probably impure*, 

When ether is inflamed it burns away with a bright and slightly sooty 
flame, leaving no residue, and producing carbonic acid and watert. By 


* From the experiments of Gerard it 
appears that ether passes more readily 
through a capillary orifice than water, 
and water than alcohol; the relative 
times for equal measures of each fluid, at 
the temperature of 54°, being 101” for 
ether, 349” for water, and 856” for alco- 
hol. The comparative heights to which 
these three fluids rose in the same ca- 
pillary tube were = 6 for ether, 9 for 
alcohol, and 13 for water, (Ann. de Ch. 
et Ph., vi. 239.) 

+ When ether is passed over red-hot 
platinum wire, or consumed in the lamp 
without flame, an acid is produced, which 

was first examined by Mr. Daniell. 
(Quar. Jour. of Science and Arts, vi. 318.) 
He obtained it by placing the lamp, filled 
with ether,and properly trimmed with a 
coil of glowing platinum wire, under the 
head of an alembic, in which the vapour 
was condensed, and collected in a phial 
applied to its beak. Lampic acid, for so 
he termed this product, is colourless, 
sour, and pungent; its vapour is very 
irritating, and its specific gravity, when 
purified, about 1'015. It reddens vege- 


/ carbonates with effervescence. 


table blues, and decomposes the alkaline 
‘When 
added to the solutions of silver, gold, 
platinum, mercury, and copper, and the 
mixture heated, the metals are thrown 
down in the metallic state. On dis- 
tilling lampate of mercury, made by di- 
gesting peroxide of mercury in the acid, 
the lampic acid passes over in the form 
of a very dense liquid with an intensely 
suffocating odour. These propertiesfirst 
induced Mr. Daniell to consider this 
product as a peculiar acid, but, upon 
further inquiry into its nature and com- 
binations (Quart. Jour., xii.64), he found 
the acid to be the acetic, combined with 
a compound of carbon and hydrogen, 
differing from alcohol and from ether, 
and conferring upon it those properties, 
in respect to certain metallic solutions; 
which have been just mentioned. ‘The 
more recent researches of Débereiner 
and Liebig have shown that this acid is 
identical with the compound which they 
have termed aldehydic or acetulous acid, 
and which will be subsequently de- 
scribed (p.1331), he 


7” 


1280 . _ ETHER. : 


<a 


passing ether into a jar supplied ‘with a jet and stop-cock, standing over — 


warm water, its vapour may be burned at the jet: if its vapour be mixed 


with about 10 volumes of oxygen it explodes by an electric spark, but — 
with smaller quantities of oxygen, or with air, this combustion is only — 


imperfect. 


Exposed to air and light, as in bottles which are frequently opened, 9 
ether becomes less perfectly volatile, and less capable of dissolving fixed — 
oil, in consequence of the formation of a little acetic acid. -The presence 


of this acid is*not at first apparent because it forms acetic ether, but it 
gives the ether a peculiar odour, and in time it becomes acid to tests. 


(PLancue, Ann. de Ch. et Ph., ii. 273.) The best way of preserving ether 
is to keep it in small well- doownee bottles, or even in sealed tubes, andin 
a dark place. Gay Lussac, in some very old ether, which had been occa- _ 
sionally exposed to air, and the boiling point of which was elevated to 


130°, found an oily matter, crystallizable, and of an ethereal odour. 


According to Dobereiner, ether which has been exposed to air, contains — 


free nitrogen, the oxygen having combined with the ether. 


Ether is soluble to a certain extent, in water, of which 9 parts take . 


up 1 of ether; and washed ether retains about a tenth part of water. 
When alittle ether is introduced into chlorine, the gas is absorbed and 
peculiar compounds result, which we shall afterwards examine; when 
bubbles of chlorine are passed into ether, they often cause inflammation, 
and when a small quantity of ether is poured into a large jar of gaseous 
chlorine, previously warmed, it occasionally happens that a considerable 
explosion ensues. If the ether be cooled, and chlorine passed into it, 


hydrochloric acid is formed, together with a fluid compound containing q 


chlorine, which, when saturated with potassa, produces chloride of potas- 
_ slum and acetate of potassa. 

Iodine and bromine are soluble in ether, and gradually react upon and 
decompose it. ‘The action of bromine upon ether has been studied by 


Lowig. (Ann. de Ch. et Ph., xi. 279.) When ether is saturated with 
bromine, and the mixture left for ten or twelve days, it is entirely decom- 


posed; the products are | formic acid? 2 hydrobromic acid, 3 hydrobromic 
ether, 4 heavy bromic ether, 5 bromal; the four first. siedunts may be 
separated by distillation, and the bromal remains; it may be purified by 


mixture with water, and in the course of twenty-four hours crystals of - 


hydrated bromal are formed. Bromal is composed of j 


Léwig. 
Carbon. 4 Ripe. ty B71 vs iia) 864 
Hydrogen 1 a otek Fw 036 . . 0:38 
Oxygen Boh Dae GaN. Je 580 . . 6:33 
Bromine 3 2354 “ll iw W85°1TS 5. 84°65 
Bromal 1 275 100°00 100:00 


Hydrate of bromal consists of 


Bromale VA 36. aes cae dee ois ee te PO eee Sete 
Water wee 7 t peek ee Oe de ot ellis eee 


Crystallized hydrate of bromal 1 311 100:0 


When hydrate of bromal is boiled with an alkaline solution, 2 atoms — ‘ 


ieee: 
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are resolved into 2 atoms of formic acid, 2 of bromoform, and 6 of 
water. 

Ether dissolves a small quantity of sulphur (1-80th), which is not 
thrown down by the addition of a little water; the solution smells of sul- 
phuretted hydrogen, and by slow evaporation deposits acicular crystals of 
sulphur. I once had occasion to saturate about a pint of ether with sul- 
phuretted hydrogen gas: the solution was put aside in a well-stopped 
bottle for some months, and had then deposited small octoédral crystals 
of sulphur. Ether dissolves more than 2 per cent. of phosphorus (1-37th); 
the solution, when concentrated by evaporation, deposits crystals of phos- 
phorus; it is luminous in the dark when in contact of air ; and, poured 
upon hot water, produces a brilliant column of luminous vapour. Exposed 
to air this solution becomes sour; it deposits phosphorus when mixed 
with water or with alcohol. It gradually deposits a red matter, espe- 
cially when exposed to light. 

A small quantity of sulphuric acid added to ether produces no effect, 
but a mixture of equal parts of ether and the acid blackens, and yields, 
on distillation, oil of wine, olefiant gas, acetic and sulphurous acid, and 
water; it leaves a resinous matter and charcoal. Anhydrous sulphuric 
acid decomposes ether, and produces, according to Liebig, “isaethionic and 
althionic acids, oil of wine, and sulphate and bisulphate of oxide of ether; 
if heat be used, these products are decomposed, and sulphate of oxide of 
ethule, oil of wine, water, and ether, together with acetic, formic, and 
sulphurous acids, carbonic oxide, and olefiant gas distill over.” 

Heated with nitric acid ether yields carbonic, acetic, formic, and oxalic 
acids, and aldehyde. The following, according to Liebig, are the results 
of this action of nitric acid on ether. 


ETHER 
(car+sh+0)+ oxvers 


1 atom of aldehyde, (4 car+4h+20) 
1 atom of water, (A+ 0) } 

__ {i atom of acetic acid, (¢car+sh+3 0) 
+ 4atoms= 2 atoms of water, 2(A+0) — 
2 atoms of formic acid,2(2car+h-+s 0) 
3 atoms of water, 3 (+ 0) 

__ {2 atoms of oxalic acid, 2(2 car +s 0) 
BT edie 5 atoms of water, 5(A+ 0) 
4 atoms of carbonic acid, 4 (Car +2 0) 
5 atoms of water, 5(A+ 0) 


latom + 2 atoms=={ 
: 1 atom { 
1 atom + 8 atoms== | 
‘l atom 
] atom +12 atoms={ 


Ether absorbs a large quantity of hydrochloric acid, and chloride of 
ethule is obtained on distilling the concentrated solution.! 

Ammoniacal gas is abundantly absorbed by ether. Potassa and soda 
act feebly upon it, and give rise, among other products, to acetic and 
formic acids which unite to the alkali. Potassium and sodium are slowly 
converted into potassa and soda when kept in ether, and hydrogen is 
disengaged; but the mutual action of these substances has not been 
accurately studied. The easily oxidizable metals, when kept in ether, such 
as lead, zinc, iron, and tin, are, according to Berzelius, slowly oxidized 
and form acetates. Many of the salts are also soluble in ether, such as 

4P 


1282 


ETHER. 


chlorides of gold, platinum, iron, and uranium; the property which ether 
‘has of abstracting these salts from their aqueous solutions has been — 
adverted to under the history of the respective metals. The fixed and — 
volatile oils, many of the resins, caoutchouc, various forms of extractive, — 
the alkaloids, and some other vegetable principles, are more or less soluble — 
in ether; hence ether is often employed in the proximate analysis of organic — 
products, as a means of separating them from each other. 4 
 Aleohol and ether mix in all proportions, and, as above stated, the - 
ether of commerce generally contains alcohol, which affects its density 
and its boiling point: the means of abstracting the alcohol have been 
before mentioned. Hoffman's anodyne liquor, and the spirit of ether of 
Pharmacy, are such alcoholic solutions. hk 
The following table of the density of various mixtures of ether (specific — 
gravity 0°720) with alcohol (specific gravity 0:830), is constructed from — 
direct experiments by Mr. Dalton. 1 


Ether. Alcohol. Sp. Gr. Ether. Alcohol. Sp. Gr. 
100 + O . . 0°720 40 + 60-5 ©. ee Cree 
$0 + 10 . . 0°732 30 +- 7@ . ° - 0°804 
80 + 20 . ° . 0744 20 + 8d . e - O816 
70 + 30 . e - 0°756 10+ 90 . ° - 9°828 
GO be 40-0: sh be o OTEGR Oc ce LOO... lee ce es, ame 
50 + 50. ° 0°780 . 


Composttion of Eraer.—When the vapour of ether is passed through ~ 
a red hot tube, it is decomposed, and resolved into aldehyde and carbu- — 
retted hydrogen gases (olefiant and fire-damp?).* _ 
Analyzed by passing it through red hot oxide of copper, ether fur-— 


_ nishes the following elementary composition :— 


- Dumas and 

Boullay. 
Carbon -in4 Fo 2 28 i eee Bi. 65°0 
Hydrogen 5 . . 9 13°51 . 13°8 
Oxyoen 1d. ee 21°62 21:2 
Ether 1 37 100-00 100°0 


The specific gravity of ether vapour has been shown to be 2:586, 
and with this, in reference to the above analysis, its calculated density is _ 


perfectly consistent, and is as follows: — 


Vols. Sp. Gr. 
Carbon-vapour 2° . © 1687 
Hydrogen gas 5° . . O'344 a 
Oxygen gas 05 . . 0551 = 
Ether-vapour 1 2°582 . 


These results may be stated, in other terms, as follows :— 


Vols. Sp. Gr. 
Olefiant gas 2. . 28 . . 75 7 1:962 
Water oaks. +10 HOG ola BAe 0626. 
Ether 1 37 100°0 1 * 2°582 
* According 10 Liebig 2 atoms of ether are resolved into oat 
latomofaldehyde .- . ; . 4car+sh+2o i 
2, light carbo-hydrogen 2car+4h i 
1, Oolefiant gas ' : 2car+oh 
2. » - ether. scar-+1h+29 


We thus, therefore, may 
considet 37 as the equivalent 
of ether; and if we substi- 
tute 1 atom of quadrihydro- 
carbon or etherine, for 2 of 
olefiant gas, ether will then 
be a hydrate of etherine, and 
the conversion of alcohol into 
ether will consist in abstract- 
ing from it 1 atom of water: 
these views are represented 
in the annexed diagrams, in 
which both weights and vo- 
lumes are evident. 


Or, assuming that view of the 
composition of aleohol and of 
ether which represents the 
former as a binhydrate, and 
the latter as a hydrate of 
etherine, we have 
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23 parts of Alcohol (by 
weight) consist of 


Oné propor-| Oné propor: 
tional of tional of 
Olefiant Gas] Aqueous Va- 

= 14 pour =9 


14+9 = 23 
et ee 


Resulting 

volume of 

Alcoholic 
Vapour 


46 parts of Aléohol, com. 
posed of 
eciceascastetaaea at! 
Onepropor-} Two pro- 
tional of | portionals 


Etherine | of Aqueous 
=a 26 Vapour 


28+18=46 
—S ee 


Resulting 


volume 
of 
Aéoholié 


Vapour. 
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37 parts of Ether (by 
Weight) consist of 


Two pro- One pro=- 

portionals | tional of 

of Olefiant | Aqueoiis 
Gas Vapour= 9 


Resulting 

volume of 
Ethereal 
Vapour 


37 parts of Ether con- 
sist of 


ons vee 


One propor-| One propor- 
tional of tional of 
Etherine Aqueous 

= 28 Vapour = 9 


28+9 = 37 
cp a 


Resulting 

volume of 
Ethereal 
Vapour 


saa ses 


In either view of this subject it is obvious that alcohol is convertible 
into ether, by the removal of one-half of its elementary oxygen and. 
hydrogen, which are in the proportions that form water. 

We have therefore the following as the formula of ether: (4 Car + 


sh+0), or, 2(2car+2h)+4, or, @car4++h)+¢. 


Berzelius has adopted another view of these subjects, to which I have 


elsewhere adverted, and which consists in regarding ether as the oxide of. 


a compound inflammable basis, which he terms ethyle or ethule, (from ether 
and vAn, principle,) and which, from reference to the preceding results, 
will obviously consist of 4 atoms of carbon, and 5 of hydrogen, and be 
represented therefore by the equivalent 29, (or, 6x4=>24+5,) and 
ether will contain 29 ethule + 8 oxygen = 37. According to this view 
alcohol is a hydrate of ether, consisting of 37 ether + 9 water = 46; 
hence the necessity of the double equivalent for alcohol, to which I have 


alluded; 


APQ 
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And Gx vefeeeticd to this: View 1: (Wepem of Alcohol a0 ck Nepenh gps 


atom of alcohol, (or 2 volumes of | ‘9 
alcoholic vapour,) is resolved into 37 y 
1 atom of ether and 1 atom of 23 | . 


water, (or into 1 volume of ether 
vapour and 1 yolume of . water 
vapour.) 


23 


'Ethule, according to Liebig, has not been isolated: in the Philoso- 


phical Magazine for 1839 (vol. xix., p. 543), a mode of obtaining it in 
a separate state is noticed by Liwig, but the process is not very 


intelligible. 


Turory or ErseriricatTion.—In the preceding statement respecting : 
the formation of ether, I have purposely avoided adverting to certain ~ 
intermediate changes which the alcohol undergoes, and which we shall — 


presently proceed to examine, in order to direct attention to the principal 
and most obvious, or final result, which is, its resolution into ether and 
water, whilst, at the conclusion of the process, the sulphuric acid remains 


unchanged. It will be evident, from the details which have been given, PY 
that 2 equivalents of alcohol are converted into 1 of ether and ‘1 of — 
water; or that 1 volume of the vapour of ether, and ] volume of aqueous ~ 


vapour, are the results of this decomposition of 2 volumes of alcoholic 
vapour. : 


This important fact, namely, that alcohol is converted into ether by — 
the abstraction of water, or its elements, was first demonstrated by Gay ~ 


Lussac, who conceived that the influence of the sulphuric acid consisted 


in this abstraction of water; and the well-known attraction of that acid — 


for water seemed to sanction the conclusion, which was further strengthened 
by the fact, that a similar ether might be formed by the agency of arsenic, 


phosphoric, and fluoborice acids, all of which, like the sulphuric, are E 


strongly attractive of water. But in this explanation the following cir- 


cumstances were overlooked, namely, first, that water may be abstracted — 


from alcohol by the alkalis, or by chloride of calcium, or by passing’ it 


through a red-hot tube, and yet nothing like ether is the result ; secondly, 
that water passes over during the whole of the process along with the — 


ether, with which the acid ought to combine, in preference to decom- 


posing or dehydrating the alcohol; thirdly, that ether is not produced by 
the action of anhydrous sulphuric acid on alcohol; and, fourthly, that 


ether is never produced except by the aid of heat. 
Mitscherlich considers the formation of ether as a case of decompo- 


sition by contact, conceiving that, at a certain temperature, (regulated bya 
the dilution of the acid,) alcohol, on merely coming into the contact of 


sulphuric acid, is resolved into ether and water: he cites the decom- 


—_—_—__ ae of Water 7=46 — 


ia 


aay.’ 


position of oxygenated water, or peroxide of hydrogen, by gold, silver, 
and peroxide of manganese, and the action of spongy platinum Tih ae 
determining the combination of certain gases, together with the conver- 
sion of sugar ‘into alcohol and carbonic acid by the contact of ferment, 
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as parallel cases; but if these were parallel cases they still throw no light 
upon that before us, and the explanation merely substitutes one difficulty 
for another, 

That the mere abstraction of water from the alcohol by the sulphuric 
acid, either in consequence of its affinity, or by contact, is not the sole 
or efficient cause of the formation of ether, was shown, first by Dabit 
(Ann. de Ch., xxxiv. 289), afterwards by Sertuerner and Vogel, and 
subsequently by Hennell. (Phil. Trans., 1826 and 1828.) Sertuerner 
found that the sulphuric acid underwent more complicated changes; and 
he called the new acid, which he conceived to result from these changes, 
(nothionic acid. Vogel afterwards found, that by the action of the 
alcohol, the sulphuric acid lost much of its power of precipitating the 
soluble salts of lead; and he called the acid into which it was converted, 
Sulphovinic acid, which term we still retain. Mr. Hennell’s experiments 
prove, that the mutual action of the sulphuric acid and alcohol is zmme- 
diate upon mixture; that its saturating power is diminished; that the 
new acid forms soluble salts with baryta, and oxide of lead, and other 
_ distinct combinations*; he then goes on to show that this acid, the su/- 
phovinic, contains sulphuric acid and quadrihydrocarbon, or etherine; and 
considers it as the agent by which etherine is first formed, and then so 
evolved, as to unite with water to form ether: in short, that in the 
conversion of alcohol into ether, the formation of sulphovinic acid is an 
intermediate and a necessary step, and that this acid when anhydrous is a 
bisulphate of etherine (4car+4h+28/). 

Liebig admits that the formation of ‘sulphovinic acid is an essential 
step in the process of etherification, but he takes a different view of the 
nature of that acid, and considers it as a compound of 2 atoms of anhy- 
drous sulphuric acid, 2 of water, and 1 of etherine; or, assuming alcohol 
to be a binhydrate of etherine, and its equivalent 46, he regards sulpho- 
vinic acid as a bisulphate of alcoholt. Adopting this theory, we assume 
that the formation of sulphovinic acid is the consequence of the mutual 
action of alcohol and sulphuric acid upon each other, at a given temperature, 


* * The immediate change in the sul- | down 1313 grains of sulphate of lead, so 
phuric acid is rendered evident by the | that four-sevenths of the acid had lost 


following experiments: 440 grains of 
sulphuric acid were mixed with an equal 
weight of alcohol, specific gravity °820 ; 
the mixture, when cold, was diluted with 
water, and saturated by carbonate of 
soda, of which it required only 398 
grains; whereas 440 grains of sulphuric 
acid saturated 555 grains of the same 
carbonate: here, therefore, two-sevenths 
_ of the acid seem to have been saturated 
by, or to have entered into some new 
combination with, the alcohol. 

440 grains of sulphuric acid were 
mixed, as before, with its weight of 
alcohol, and the mixture poured into a 
solution of acetate of lead; 542 grains of 
_ Sulphate of lead only were precipitated ; 
whereas the same quantity of sulphuric 
_ acid “not acted upon by alcohol, threw 


its power of precipitating oxide of lead. 

Vogel and Gay Lussac have attributed 
this loss of saturating power to the form- 
ation of hyposulphuric acid; and they 
regard the hyposulphates and sulpho- 
vinates as only differing in the latter con- 
taining ethereal oil, which in some way 
acts the part of water of crystallization. 
But that this is not a correct view of the 
phenomena will appear from the follow- 
ing experiments on the nature. of oil of 
wine, and of sulphovinic acid. 


+ We have seen above that hydrocar- 
bon, under certain circumstances, per- 
forms the part of a base (p. 553). Lie- 
big’s view, therefore, of sulphovinic acid, 
represents it as a hydrated bisulphate of 
etherine, 
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which temperature is ensured by the state of dilution of the mixture of 


sulphuric acid, alcohol, and water: if the acid be too dilute, the temperature — 


at which the mixture boils is not high enough to form the sulphovinie 


acid, and alcohol passes over unchanged ; if it be too concentrated, the — 
temperature is too high, and the alcohol is decomposed, and olefiant gas — 
is formed; it is between these extremes that the formation of sulphovinic — 
acid ensues; and the mixture most favourable to it, as appears from — 
Mitscherlich’s statement (p. 1277), consists of 100 parts of common sul- — 


phuric acid, 20 of water, and 50 of anhydrous alcohol. 


Now, these proportions are very nearly equivalent to i atom of | 
common or hydrated sulphuric acid, 1 of water, and 1 of alcohol; or, if we 
double these numbers for the Ran dauients of representing oheclial as a y 
binhydrate of etherine (see p. 1274), 2 atoms of anhydrous sulphuric 


acid = 80, 4 of water = 36, and 2 of alcohol = 46; and are, in them- 


selves, such as contain the elements of sulphovinic acid; so that we need _ 


only suppose them to be subjected to the proper temperature for that 
purpose; and not only is such temperature obtained by Mitscherlich’s 


method of proceeding, but it is kept up during the experiment, and, at 
the same time, the continuous supply of alcohol furnishes materials for the — 
constant formation of sulphovinic acid; and the sulphovinic acid (con- — 
sisting of 2 atoms of anhydrous sulphuric acid, and 1 of alcohol, 46) 
is no sooner formed, than it is resolved into sulphuric acid, ether, and 4 


water; ether being formed by substracting 2 atoms of anhydrous sul- 


phuric acid and 1 atom of water from 1 atom of sulphovinie acid, or 


2 sult +4CAr+4 h +29= Sulphovinie acid 
secar+sh+ = Ether. 


It now only remains briefly to recapitulate the above siatemelil q 
respecting the ultimate and proximate, or theoretical, composition of — 
alcohol and ether, in order to see their mutual bearings: and for this — 
purpose I have represented them in the following table. It must, how- 3 
ever, be allowed that there are many points connected with the phoned ; 
mena of etherification which are not adequately explained by any of the — 
aecepted theories; some of these are well discussed and illustrated in an _ 
Essay on the mutual action of chloride of zinc and alcohol by M. Massy F 


(Ann. de Ch. et Ph., uxix. 225.) 


ALCOHOL, 
Equivalent ' Equivalent 
Atoms. Weights. Atoms. Weights, 
Carbon 5 se Be OG Cordon... 5 4. g see 
oy Srydroren' ",: se -. 5 & OF Hydrogen . ...6 . , G 
Oxygen’ Se ee et eg ae Oxygen EE TR 
a Alcohol a 23 B Alcohol 1 im 46 b 
3 Bont Eqvt. Eqvt. Eqvt. 
Atoms. Weights. Atoms. Weights. Atoms. Weights. Atoms. Wght. q 
Carbon © > 2. < 12 Carbon 4 2414, ; 
dlydrogen 2 2 Ohefent gaa t+ Ms 2 Ilydrogen 2 . is Evhering . , “ 
Des A | Water 1 9 * Do. a 2 | Water 2°, a8 
Oxygen 1 3 * Oxygen 2 . 16 a) ae 
¢ Alcohol 1 33+ Alcohol 1 40 Alcohol 1G 
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ETHER. 
Equivalent 
Atoms, Weights. 


COPDONy eee we sede cere Fe el. ak 
Hydrogen . . © «ss es De sw SG 
Oxygen safe oe ay Ease ahd 


© Ether 37 
Equivalent Equivalent Equivalent 
Atoms. Weights. Atoms. Weights. Atoms. Weights. 


PUarbon . 4 .°. 24 ; 
“Hydrogen 4. . at Olefiant gas 2 . . 28 Etherine 1 . . 28 


. Do. Fr ante | ; ' 
Oxygen. 1. . gt Water . oP 9 Water Fae eae 


F Ether 1 37 Ether 1 37 Ether 1 37 
ETHER. ALCOHOL. 
Eqvt. Eqvt. Eqvt. Eqvt. 
Atoms. Weights. Atoms. Weights. Atoms. Weights. Weht. 


_ Carbon . 4 . 24 Carbon . 4 . 24 
‘Hydrogen 5 3 og Aig aah Hydrogen 5 . 5 ther 1. dg 
: Oxygen /* Yo.<0°8 


Oxygen. 1 . 8 Oxygen 1. 8 Dow .. 1. 8 - 
Hydrogen i 1} Water sails 


a Ether 1 37 Ether 1 be H Alcohol ] 46 Alcohol 1 46 


~* « and B show the ultimate elements of alcohol, in reference to its single and to 
its double equivalent; c represents alcohol as a hydrate of olefiant gas, in reference 
to the equivalent a; and D,as a binhydrate of etherine, in reference to the equivalent 
B; E shows the ultimate elements and equivalent of ether; ¥ represents it as a 
dihydrate of olefiant gas, or as a hydrate of etherine; G exhibits ether as an owide of 
ethule ; and u alcohol as a hydrated owide of ethule, or a hydrate of ether. 


§ XXIII. Compinations or Eraser, anv or Ernerine orn Quapri- 
HYDROCARBON, WITH THE OXY-ACIDS. 


I. Om or Wine. Heavy Om or Wine. Sutpnatic Erner. Svr- 
PHATE oF HyprocarBon.—When the distillation of a’‘mixture of sulphuric 
acid and alcohol is carried beyond the point at which ether ceases to come 
over, a portion of a liquid, looking like oil, is obtained, to which the 
above names have been applied; when washed, it has a bittter aromatic 
flavour. It has long been known under the name of oil of wine, and was 
formerly regarded as analogous in composition to the volatile oils. In 
endeavouring to determine the ultimate elements of this oil, by passing 
it over red hot oxide of copper, Mr. Hennell always obtained sulphurous 
acid, and a solution of sulphate of copper on washing the oxide he had 
used, notwithstanding every precaution had been taken to free the oil 
from all adhering acid. A few drops of the oil were added to a solution 
of chloride of barium, and gently heated, but no cloud was produced, 
although litmus paper indicated: the presence of free acid; on evaporating 
the mixture, however, a precipitate fell as it became concentrated; and, 
on boiling to dryness, sulphate of baryta was found in the residue. It 
_ appeared, therefore, that the sulphuric acid was in some state of combina- 
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tion which prevented its usual action upon tests; or that its elements were — 
in some peculiar state of arrangement in the oil of wine. Mr. Hennell — 
made some experiments to determine the quantity of sulphuric acid thus — 
elicited, from which it appeared, that 100 grains of the oil of wine afforded 
about 38 grains of sulphuric acid. His previous experiments had shown — 
him that hydrogen and carbon were also elements of oil and wine; and, 
having determined their proportions by distillation through oxide of — 
copper (adhering moisture and acid having been removed from the oil of — 
wine by quicklime), he obtained from 100 grains (mean of several expe- _ 
riments) 8:30 hydrogen and-53°70 carbon; which appeared to indicate — 
the composition of oil of wine to be 62 hydrocarbon +.38 sulphuric acid. — 
It will be observed, that, as respects the carbon and hydrogen, the relative 4 
proportions nearly approximate to 6 and 1. Mr. Hennell observes, how- — 
ever, in regard to the above experiments, that we can only infer from — 
them the composition of the hydrocarbon combined with and neutralizing 4 
the sulphuric acid; for that oil of wine dissolves a variable quantity of 
hydrocarbon, part of which separates in a crystalline form when the oil — 
is kept for some time, or when exposed to cold. Having thus far deter- — 
mined the composition of oil of wine, its action upon heated solutions © 
of chloride of barium, and chloride of potassium, was more particularly — 
examined; it having been already observed, that in those cases an acid is 
evolved, which does not precipitate baryta. Two hundred grains of oil of 
wine were gently heated with 6 ounces of water for an hour; precipitated 
carbonate of baryta was then added, which dissolved, with effervescence, 
to the amount of 90 grains: the solution, filtered and set to evaporate, _ 
became acid, and deposited sulphate of baryta. The experiment, there- 
fore, was repeated; but instead of evaporating the barytic solution, it way 
precipitated by carbonate of potassa, and filtered. The filtered solution, — 
evaporated at a temperature not exceeding 150°, remained neutral, and — 
afforded lamellar crystals, greasy to the touch, very soluble in water and _ 
alcohol, burning, when heated, with a flame like that of ether, and leaving — 
an acid sulphate of potassa. ‘T’o determine the composition of the crystals, — 
20 grains were heated to redness, and left a residue of 10-56 grains of 
sulphate of potassa, equal to 48 sulphuric acid, and 5°76 potassa. ~ 20 
grains were dissolved in a solution of caustic potassa, boiled to dryness, — 
heated red hot, and, when cold, dissolved in distilled water; the excess 7 
of potassa was then saturated by nitric acid; and the solution added to iia 
one of chloride of barium; 28 grains of sulphate of baryta were obtained, 
nearly equal to 9°6 of sulphuric acid; the salt, therefore, contained twice i 
the quantity of sulphuric acid required to form a neutral salt with the — 
potassa, or {wo proportionals. ‘The remaining elements of the salt were — 
determined by heating it with oxide of copper, from which it appeared: 
that the components of 100 grains are, potassa 28°84, sulphuric acid 
48°84, carbon 13:98, hydrogen 2:34, water 7. These numbers may be 
considered as indicating :— 2 


1 proportional of potassa . ‘ é . (ae h BS 

2 7 sulphuric acid. ; 3 = 80 

4 i carbon . . . a= ad 

4 fy hydrogen . 4 , = 4 3 
156 
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_ Mr. Hennell proceeds to show that the salts obtained from oil of wine 
are identical with the sulphovinates procured from the mixture of sul- 
phuric acid and alcohol; the sulphovinic acid, therefore, must be 
regarded as a compound of 2 proportionals of sulphuric acid, and 1 
of hydrocarbon, (consisting of 4 proportionals of carbon = 24, and 4 
hydrogen = 4,) and corresponding, therefore, to the quadrihydrocarbon 
or etherine, above described (p. 547). This acid, however, has the 
property of neutralizing single proportionals only of bases; so that one 
proportional of the sulphuric acid appears to be neutralized by the hydro- 
carbon, furnishing an analogous: instance to the: sulphonaphthalic acid 
already mentioned (p. 553), ie uti 

When sulphovinates are formed through the medium of oil of wine, 
a portion of quadrihydrocarbon is thrown off, amounting to half that 
which is contained in the oil; now, as oil of wine is a perfectly neutral 
compound, it may, in fact, be regarded as a sulphovinate of etherine, 
which in it perfoms the part of a base; and we may regard it as com- 
posed of 

| Sulphuric acid 2° 45 5) 8001 ws Bio 8h 


Carbon. .. 8 48 a 
Hydrogen. . 8 . | Etherine PA Bes te 
1 


Oil of wine 


ee 


136 or 1 136 


Such is Mr. Hennell’s view of the nature of oil of mine, and it 
obviously also includes that of sulphovinic acid, which he considers as 
a compound of sulphuric acid, with half the above quantity of hydro- 
carbon, or:— 


‘Sulphuric acid . 2 BOHin Ss wea Ge oa et). OO 
Carbon ye 24 : 

Hydrogen 4 A \Etherine 1 28 
Sulphovinic acid 1 108 1 108 


Or if oil of wine be regarded as a sulphate of etherine (4 CA +4 h+ 
sul/), sulphovinic acid will be the bisulphate of the same base, or 
(car+sh+esul). | 

The part which the sulphovinic acid performs in the generation of 
ether, I have already explained, and Mr. Hennell has shown, in the papers 
which I have quoted, not only that ether may be obtained from the sul- 
phovinie acid as it exists in the sulphovinates, by combining its 
hydrocarbon with water, but also that, by doubling the water, it yields 
alcohol. 

Serullas prepares this oil of wine as follows. (Ann. de Ch. et Ph., 
xxxix. 153.) He distils a mixture of 1 part of alcohol, and 2°5 of con- 
centrated sulphuric acid; a little ether is first formed, then a yellow oil, 
accompanied by an aqueous acid liquor; the oil is separated, washed in 
cold water, and then transferred to the receiver of the air pump, where 
it is placed by two capsules, the one containing sulphuric acid, the other 
fragments of potassa; in this way it gradually loses the sulphurous acid, 
water, alcohol, and ether, with which it was mixed in its original state. 
It then varies much in colour, becoming green and blue whilst in vacuo, 
but yellow when exposed to air; it has a penetrating aromatic odour, 
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and a cooling bitterish taste; it is soluble in alcohol and ether, but not 
in water; its specific gravity is 1°133. 

On referring, however, to the analysis of this oil, as given by Serullas, 
Liebig, and Dumas, it evidently differs in composition from that exa- 


mined by Hennell; Dumas, indeed, states that it was not obtained twice 


alike, but he presumes that it contains the true sulphate of hydrocarbon, 
or sulphatic ether *, which, he says, should contain :— 


Sulphuric acid’ sss a a ed er 405 si GES he 516 
Garbon joes ei idecet mest) ee ofp q thy oo et Phew wp SUS [oe SS 
PT yGrogen iliac sth soot, of) se ie oh DF oe ae 6°8 
OXVeeR rl ele eke pe de 1 el a eiathh bs aL + Gt eee oe 10°1 
Heavy oil of wine, sulphate of hy- eC. fs ° : 
drocarbon, or, sulphatic ether } : a ag ti bts 


The other characters of this oil are stated to be as follows: boiled 
with water, it is gradually converted into sulphovinic acid and alcohol, 
and an oily hydrocarbon, lighter than water ; when the boiling is long 
continued, the whole of the sulphovinic acid is destroyed, and sulphuric 
acid, alcohol, and the light oil, are the products. -Heated with alkaline 
solutions, the heavy oil of wine is converted into’a sulphovinate; and the 
light oil, and probably alcohol, are given off. Potassium is not acted 
upon by it without heat, when sulphuret of potassium, and ae of 
potassa are formed. 


Licgut On or Wine. Ernerote.—This, which is given off from the 
heavy, oil in the above-mentioned processes, has a specific gravity = 0°917 
to 0:920; it resembles olive oil. When shaken with water, and exposed 
in a cold place, it gradually deposits a crystallized substance, which, 
dried upon blotting paper, is tasteless, friable, aromatic when heatem 
specific gravity = ‘980, fusible at about 230° (110° Cent.), and volatile at 
500° (260° Cent.). 

There can be little doubt that this is the hydrocarbon of oil of wine, 
above analyzed by Hennell, and which Serullas also found composed of 
hydrogen and carbon in the ratio of 1 to 6. 


SupHovinic Actp.—The composition, production, and some of the 
properties of this acid have heen necessarily included in my account of 


ether, and from the preceding statement, founded on Hennell’s researches, _ 
it may be represented in its anhydrous state, as a compound of 2 atoms. — 


of sulphuric acid, and 1 of etherine. 

Hydrated sulphovinic acid may be obtained by decomposing sulpho- 
vinate of lead or of baryta by sulphuric acid, or the former by sulphu- 
retted hydrogen; it may be concentrated by the usual process in vacuo, - 
_ taking care to avoid the production of sulphuric acid. In this state it is 
a colourless, sour liquid, specific gravity = 1-319; it is decomposed hy 
a gentle heat; it dissolves in all proportions in water and alcohol, but is 
not soluble in ether; chlorine is apparently without action upon it, but 
nitric acid soon produces sulphuric acid in it; boiled with water it yields 


* Dumas observes that it should pro- | consequence of the application of that 


perly be termed sulphuric ether, but to | ter mn to ether, he modifies it as maps ee ca 


avoid the confusion that would arise in 
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sulphuric acid and alcohol; all its salts are soluble, and most of them 
easily crystallizable; so that in reference to hydrated sulphovinic acid 
(containing | atom of anhydrous acid = 108 + 2 atoms of water = 18) 

it would appear to be formed by the action of 4 atoms of protohydrated, 
-or common liquid sulphuric acid, upon 2 atoms of alcohol (23 x 2 = 46) 
in such a way that 2 atoms of anhydrous sulphuric acid unite to the 
elements of the 2 atoms of alcohol, whilst the remaining 2 atoms of sul- 
phuric acid become bihydrated. Thus we have 4(S/ +9) + 2(2car 
+ 3h + 0) producing (2 5/ + scar + 6h +20) +42(s’ +29). Here 
again hydrated sulphovinic acid presents itself as a sulphate of alcohol, 
or as a compound of 2 atoms of sulphuric acid, ] of quadrihydrocarbon, 
and 2 of water. These statements are therefore as follows:— 


fe hon a 1 atom anhydrous 

“ : = sulphovinic acid 1085126 
maydrogen 4) Seer. eS GRO 1G 
O 2 atoms water. 18 
SUP Cet: Mahomet. wih elt LG 
, soa 


Sulphuric acid 


m bo 


Hydrated sulphovinie acid 


126 
eOr, 
Sulphuric acid . 2 a ae RY Sm Peay e mm! ae ie EG. 
maenen ie sx, Aw. 84 : 
St. Etherine .1 .°. 28 d 
mee cede ‘ > ils ‘ | ata ) ae |: 
oO. . e e e e - 
Oxygen . 9 af Water wee e Le 
Hydrated sulpho- : ; 
ty } 1 126 1 126 1 126 


The above statements respecting the composition of oil of wine, sul- 
phovinic acid, ether, and alcohol, may be simplified by considering those 
compounds as sulphates and hydrates of etherine; thus, 


Etherine . . scar+ah 

Oil of wine’ . Tear+sh+sul’ 
Sulphovinie acid 4Cdr+4 h+2sul! 
‘Ethr .  . 4car+sh+q 
Alcohol - - 4€0r+4 h+e q 


SuLPHOVINATES.— We are indebted for the first accurate analysis of 
these curious salts to Mr. Hennell; they are soluble in water, and many 
of them in alcohol, by which they are separable from their corresponding 
sulphates. When heated they are decomposed with varying phenomena, 
dependent upon the temperature to which they are submitted, and the 
nature of the base. Ata high temperature they burn, and leave a 
carbonaceous residue, containing a bisulphate, or a mixture of a sulphate 
and sulphuric acid. Only a few of the sulphovinates have been minutely 
described, but they are an interesting class of salts, and some of them 
highly deserving further examination: the sulphovinate of ammonia 
especially deserves to be studied. 

The sulphovinales are generally obtained by heating a mixture of 
— equal weights of alcohol and sulphuric acid, and when cold diluting and 

saturating it with carbonate of lime, baryta, or lead, when soluble sulpho- 
vinates, and insoluble sulphates of those bases are formed, and may be 
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separated by filtration and crystallization. From these salts the other 
sulphovinates may be obtained, either by double decomposition by the 
soluble sulphates, or by liberating the sulphovinic acid by sulphuric acid, ; 
and then saturating with the required bases. te 


SunpHovinaTe or Potassa. (P + sulv’.\—This salt, which has — 
already been adverted to, forms micaceous crystals, like those of hydrated ; 
boracic acid; of a greasy feel and bitter taste. From its composition — 


above given, together with its water of crystallization, it appears to a 
contain :— ' ' 
Potassa 1 AB he fe SOO ores ois gots ge Lee a 
Sulphuric acid 2 be OO Urs + DD Peat hela: Ae 
dithering ss syF ed oe te 17-0} Eujphorimepeld. slit acm c 
‘Water 1 » OARS VStar Mee ; 
Crystallized sulpho- . % 

vinate of pbiaeat : sa te : Ae? F 


SupHovinate or Sopa (S + Sulv/) yields efflorescent crystals of — 
a bitter taste, soluble in 2 of cold and 1 part of boiling water, and con- . 
taining 1 atom of soda, 1 of sulphovinic acid, and 3 of water. 


Sunpoovinare oF Baryta (B + sulv/) forms permanent square — 
tabular crystals, readily soluble in water and insoluble in alcohol, con- 
taining, 


DALY ts Ges ee fess hae ey te as iar 77 363 
Sulphovinic A¢il>:.°..is «: . «ame 108. 51:0 
Water 00 0 as a ae eee eT eee 
Crystallized sulphovinate of baryta 1 212 100° 


When this salt is dried in vacuo or at a temperature of 164°, itloses _ 
1 atom of its component water. 


SULPHOVINATE OF Limn. (C + sulv’,)—By slow evaporation this salt ; 
forms quadrilateral tables, very soluble in water and alcohol, and of a F: 
slightly sweet taste; and which by desiccation in vacuo lose 2 atoms of 7 
their constituent water: when cautiously distilled it yields oil of wine. — 
This salt consists of s 


Sulphate of lime 1 68 . 417. 
POMC 6a 0.5 bonne a Ph 28 win a7: EkSulphurioticidy asi) saeaane 24h) ae 
Sulphovinic acid. . 1 .108 . 662 or Etherine . . 1 . 28 . 172 
‘Water . 3 3 h 


whee 6 YG Water 


+ fae 16°6 


—— 


1 163 100°0 


—_ 


Crystallized ae 163 100° 


., vinate of lime 


SULPHOVINATE OF Leap. (Pu + sulv!.)—This salt forms a deliques- 
cent saline mass (Voger), silky crystals (Dumas), extremely soluble both 
in water and alcohol. | 


SULPHOVINATE OF CoprpER (Cu+sulv/), formed by dissolving carbo- 
nate of copper in sulphovinic acid, yields large blue tabular crystals, very 
soluble in water, and soluble in aicohol.“\It is not precipitated by 
chloride of barium: when heated a little above 212°, as when long boiled 
in water, it passes into sulphate of copper. This salt is easily formed by — 
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adding sulphate of copper to sulphovinate of baryta. It probably contains 
3 atoms of water. (Dumas.) 


III. Eraerosutpuvuric Acro. Ernionic Acro. (Era +25/.)—When 
the vapour of anhydrous sulphuric acid is slowly introduced into absolute 
alcohol, kept at a low temperature, an oleaginous liquid is formed, and no 
gas evolved: if too little alcohol has been used, crystals of sulphuric acid 
form, which redissolve when alcohol is added. The liquid when mixed 
with water does not heat, and on saturating the solution with baryta, 
abundance of sulphate of baryta is formed, together with a soluble salt of 
baryta, which must be evaporated in vacuo. This salt contains sulphuric 
acid, but it is not sulphovinate of baryta, for it is neither soluble in 
alcohol nor crystallizable; nor does it yield oil of wine when distilled. 
It contains, according to Magnus (Ann. de Ch. et Ph., tii. 155), 

Sulphuric acid . 2 80 sey ony 4322 

Barytan 2) eu ets) ohh: oats 
CarpOUG) 0s ei. wey oa) Sty soe ae el a Lee 
Hydrogen . . « 4 

Waiter aa | 


Ethionate of baryta 1 194 100°0 
According to Magnus, the acid contained in this salt is constituted of 


Sulphuricacid 2 . . 80 . . 68°4 
Btheringw «ai. dle wae eu eos <a cama 
Water . Sah Pee Shas of a 


I 
1 


Ethionic acid 417 100°0 


It is, therefore, a hydrated bisulphate of etherine; whilst sulphovinic 
acid is an anhydrous bisulphate of etherine; or it is an anhydrous bisul- 
phate of ether (25/+4 Car +5 h+0). 

By partially decomposing ethionic acid by heat, Magnus obtained an 
isomeric acid, which has been termed isaethionic acid: the salt which it 
forms with baryta, resembles the ethionate of that base in ultimate com- 
position, but differs from it in its properties. 

According to Dumas, the existence of these distinct acids, namely, 
the sulphovinic, ethionic, and isothionic, resulting from the mutual action 
of sulphuric acid and alcohol, was anticipated by Sertuerner, under the 
terms of protethionic, deutelhionic, and tritethionic acids. (Ann. de Ch. 
et Ph., xiii. 62.) f 


IV. Puospyovintc Acip. ErnrrornospHorie Acip.—It was ascer- 

tained many years ago by Boullay, that phosphoric acid might be sub- 
stituted for sulphuric, in the formation of ether, and Lassaigne found that 
an acid analogous to the sulphovinic was so formed; the further investi- 
gation of this subject has been pursued by Pelouze and by Liebig. (Ann. 
de Ch. et Ph., tii. 37, and tiv. 31.) 

Etherophosphoric Acid is obtained by the careful decomposition of 
the etherophosphate of baryta by sulphuric acid, or of the etherophosphate 
of lead by sulphuretted hydrogen; it is concentrated, first by ordinary 
evaporation, and then in vacuo. It is then of an oleaginous consistence, 
colourless, inodorous, very sour, and soluble in water, alcohol, and ether, 
in all proportions. When much diluted it is not decomposed by con- 
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tinued boiling ; but when concentrated, a temperature of 212° gradually 
resolves it into ether, alcohol, hydrocarbon, and a mixture of phosphorie 
acid and charcoal. Its concentrated solution affords crystals: it coagu- 
lates albumen; and has the same properties whether prepared from phos- _ 
phoriec or from paraphosphoric acid. "When diluted it dissolves zine with 
effervescence, and expels carbonic acid from its combinations, forming 


salts which for the most part are soluble. Pelouze regards this acid as 


analogous to the sulphovinic in its atomic composition, or as a compound ~ 
of phosphoric acid and alcohol; but from Liebig’s analysis it appears to — 


consist of phosphoric acid and ether, and, therefore, resembles the ethionic 
acid. 


The crystallized etherophosphate of baryta includes 12 atoms of water, — 
which may be expelled by heat, and the anhydrous etherophosphate — 
remains; although this salt has been analyzed by Pelouze and Liebig, the — 


results are not satisfactory as relates to the composition of the acid. 


V. Nirrovs Erner. Hypontrrovs Eruer.—The production of an 


ethereal fluid by the mutual action of nitric acid and alcohol is said to — 
have been remarked by Paracelsus and afterwards by Kunckel, but it was — 
forgotten till rediscovered by Navier, in 1742. (Navier and Grorrroy, ~ 
Mém. de l’Acad. de Paris, 1742.) It was subsequently studied by 


Thenard (Mém. d’Arcueil, i. 75, and 359), and more recently by Dumas 
and Boullay. (Ana. de Ch. et Ph., xxxvii. 19.) 


Many processes have been published for the preparation of this ether — 


(see Dumas, Ch. app. aux Arts, vy. 553, and Tuomson, Inorg. Chem., 


ii. 317); among them the following, suggested by Thenard, is the least 


objectionable. Introduce into a sufficiently capacious tubulated retort 


equal weights of alcohol (specific gravity *820) and of nitric acid of — 


commerce (specific gravity 1:30), and connect it with five Wolfe’s bottles, 
the first of which is empty, and the remaining four half-filled with a 
saturated solution of salt in water. Apply a gentle heat to the retort, 
till the liquor begins to effervesce; then withdraw the fire, and the 
vapour passing through the bottles, which should be kept cold by a 
mixture of ice and salt, deposits the ether upon the saline solution. 
In performing this experiment, the retort should not be more than one- 


sixth filled with the mixture of acid and alcohol; and cold water or _ 


other means should be at hand to cool it, if required, in order to subdue 
the violence of the effervescence. The alcohol should be first poured in, 
and then the acid, and not mixed by agitation. If the materials are 
warm, the acid fuming, and the alcohol of proper strength, the action 
often begins immediately upon mixture, with a cracking noise, escape 


of air-bubbles, and great effervescence, so that, notwithstanding the size — 


of the retort, its contents are very apt to pass over into the first receiver, 
and it is often burst; this may generally be prevented by applying a wet 
cloth to the retort. The tubes through which the vapour is to pass 


should not be too small, for, in consequence of the suddenness and — 


abundance of its extrication, it requires a ready means of escape: indeed, 


the whole process requires much management and caution, and is most — 


successful when conducted upon rather a small scale in a large retort; 
with from 1 to 2 ounces of alcohol and acid for instance. 


be sl 
_" : SWS F, 
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_ When the effervescence has entirely ceased, the residue in the retort is 
found to be equal in bulk to less than one-third of the materials employed: 
the first bottle contains an acid mixture of alcohol, water, and nitrous 
ether; but the bulk of the ethereal product is found upon the cold saline 
solution of the second bottle; a little also passes into the third bottle. 
The ethereal products are collected, digested with powdered lime, and 
redistilled into a receiver cooled by ice: not more than 100 parts of 
rectified ether are usually obtained from 1000 of the mixture of acid and 
alcohol. 

Besides the ether, many other products are the result of this operation, 
such as nitrogen and its oxides, nitrous acid, carbonic acid, and traces of 
acetic acid and acetic ether: oxalic acid sometimes is found in the con- 
tents of the retort. 

Nitrous ether has the following properties. It has a slightly yellow 
tint, and a peculiar odour, which, when much diffused, is not unlike that 
of ripe apples; its specific gravity 0-880 at 40°. It is extremely volatile, 
boiling under mean pressure at a temperature of about 70°, so that at 
summer heat it is apt, on removing the stopper of a bottle containing it, 
to evaporate very rapidly, and even to enter into spontaneous ebullition: 
dropped upon the hand it instantly disappears and excites great cold; it 


is very inflammable, burning with a yellowish flame, and leaving no 


perceptible residue; when recent, it has no action on litmus, but in a few 
days it becomes perceptibly sour, especially in the presence of moisture 
and light. Mixed with water, a part is dissolved, and another part 
decomposed, forming nitric acid, and giving off nitrous gas; mixed with 
solution of potassa it soon forms hyponitrite of potassa, alcohol, and 
traces of acetate of potassa. It is without action on ammonia. 

There are various modes of viewing the composition of this and 
similar ethers: as concerns ultimate components, they are as follows: — 


Dumas and. 
Boullay. 
Carbon . 4 <u ear es 3a Oa OG. 32°69 
Hydrogen 5 © & 2. - CCF . = C85 
Oxygen . How « 32... 4267 2 1c 4446 
Nitrogen . Bie enh ed i 16:66: ee Lee 
Nitrous ether 1 75 100°00 100°00 


These elements are equivalent to 


aie UE eg. 38-7 | ~ 

EE EE Se Seneca | Saran 10-7} Ether ware h «2m 

my pomirousecid bs. 4. 38 a.5 61506 .6¢.e Lo ©) 88 105 6 SOG, 
1 


——— oo ——— —— ane 


Nitrous ether. . 75 100°0 or 1 15 100°0 


Or they may be represented by 


pQlefiant gas. . 2. . 28. . 37:3  Etherme ... 1, « 28 
ee Tw 12 Gt Water 4 i. Oe 
Hyponitrousacid 1 . . 38 . . 507 Hyponitrousacid 1 . . 38 


Nitrous ether + 1 45 100°0 1 79 


It is obvious, from the preceding statement, that this ether may be 
theoretically regarded either as a hyponitrite of oxide of ethule (eth + 0 
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+n), or as a hyponitr ile of ether (Era +7), or as a hydr ated hyponitr item 
of etherine (ethn+n +q). The composition of the other ethers of this — 


class admits of similar hypothetical representation; the simplest view of _ 
the subject is that which regards them as salts of the oxide of ethule, or — 


combinations of ether with the acids. 


VI. Oxatic Erser.—This compound was discovered by Bergman 
(Opusc. Chim. Phys., i.); it was afterwards examined by Thenard (Mém. 


a) 


d’Arcueil, ii. 11), and its principal properties shown by Dumas and 
Boullay in their excellent researches on ethers. (Ann. de Ch. et Ph. — 
xxxvii. and tiv.) It is prepared by distilling 1 part of alcohol, 1 of — 


oxalic acid, and 2 of sulphuric acid; alcohol and sulphuric ether pass over, 
and then an oil-like liquid which collects at the bottom of the receiver, 


and which is oxalic ether: it must be separated from the supernatant — 


liquid, and poured into a glass of water; it often floats at first, but as 
the sulphuric ether which it contains gradually evaporates, it falls in 
drops to the bottom. On adding the alcohol in the receiver, or afresh 
portion of alcohol to the residuary contents of the retort, a fresh portion of _ 


oxalic ether may be obtained, and this may even be repeated a third time: 


the different portions of oxalic ether thus obtained are mixed, and purified — 
by boiling with powdered litharge, till its boiling point attains 360° 


(183° or 184° Cent.), when it becomes stationary: performing this 
operation in a flask with a short neck, the water, sulphuric ether, and 


alcohol, pass off in vapour, and the excess of acid is retained by the oxide — 


of lead; the oxalic ether is then decanted into a clean dry retort and 
redistilled. 

Oxalic ether, thus prepared, is of specific gravity = 1:0929 at 45°: 
it boils at 360°, at mean pressure, yielding a vapour of low tension, the 
density of which is 5°08: its odour is aromatic, with a slight taint of 
garlic or phosphorus; it is soluble in alcohol and ether, and very sparingly 
so in water. When dry, it may be long preserved without decom- 
position; but when humid, it is soon resolved into oxalic acid and 
alcohol; the hydrated alkalis immediately effect this change, becoming 
oxalates, and evolving alcohol. It consists of :-— 


Dumas and 


* Boullay. Vols. Sp.Gr._ 
: » 2°53 


Carbon . 6 36. 49°31 . 49°7=Carbon vapour . . 3 
Hydrogen . 5 . 5 . 685 , 65= Hydrogen gas . 5 . 034 
Oxygen.. . 4 . 32 . 43°84 . 43°8=Oxygenpas .°. . 2 . 222 

1 1 


13 100°00 100°0 = Vapour of oxalic ether 


Oxalic ether 509 


Or, it may be represented as 


-eq__ J Etherine 1 » 28 . . 38°36 
Bikers or | Wits 9 ogy Ay Jae 50-69= {yt ; a 
Oxahe ‘scid boos 3 S60" 2 491°) Oxalic acid 74 « 36°. > ae 
Oxalicether 1 13 100°0 Oxalicether 1 73 100°00 


Hence we have (6 car +5h+-40)=(Ern + 0x/)= oxalic ether. The 
conversion of this ether into alcohol and oxalic acid, by the action of 
hydrated potassa or soda, depends upon the combination of the ether with 


an atom of water, at the moment of its evolution; or assuming oxalic 
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ether to be a hydrated oxalate of etherine, it is equally obvious that an 
additional atom of water would convert the etherine into alcohol. 
* When a current of dry ammoniacal gas is passed into anhydrous 
_ oxalic ether, heat is evolved, and a solid compound is at length formed, 
which, dissolved in boiling alcohol and filtered, yields silky crystals on 
cooling. The same compound may be obtained, according to Liebig (Ann. 
de Ch. et Ph., tiv. 225 and ty. 125), by mixing oxalic ether with an 
alcoholic solution of ammonia; the mixture yields crystals, on spon- 
taneous evaporation. To the substance thus obtained, Dumas has 
applied the name oxaméthane. It is colourless, fusible, volatile, soluble 
-inalcohol, soluble in cold water, but converted by boiling into acid 
oxalate of ammonia. Liquid ammonia immediately converts it into 
oramide. This substance consists, according to Dumas, of l atom of, 
oxalic ether, and 1 atom of ammonia; so that its ultimate elements are 


Warbon 8.5 Gt >. 36 
Hydrogen . . 5 . . 5} = Oxalic ether 73 
SPMPCEN vies bie. be 02 


Nitrogen.) . Ls, (14 . : 
Hydrogen “!-'.. 35°23". 3} = emmmonisi's 17. 


These elements are equivalent to 
oa) Loe 


= Oxaméthane 99 


Carbon 


He, 
Egaroven. 5s «2s rary) 12 , 
SPO eters +) ep on «8 at LO =Oxamide .. 44 
Drogen se 4s es 4 
Carbon 4 ie od 
Hydrogen . 6 : 3 == Alcohol’. 46 
Oxygen 2 16 


Hence it is, that when aqueous ammonia and oxalic ether are mixed 
and agitated together, a white precipitate falls, consisting of pure 
oxamide. 
According to Ettling a carbonate of oxide of ethule (carbonic ether) 
is formed during the action of potassium on oxalic ether. (Jour. de 


mPharm., xix. 17.) 


VII. Oxatovinic Acty.—When a solution of oxalic ether in anhy- 

- drous alcohol is mixed with a similar solution of potassa, in such propor- 
tion as to saturate half the acid contained in the ether, crystals are soon 
deposited, which are almost insoluble in absolute alcohol, and which con- 
sist of oxalovinale of potassa. ‘This salt is soluble in water, and is not 
affected by a temperature of 212°; it is anhydrous, and consists of 
latom of oxalate of potassa, and 1 atom of oxalic ether. It may be 
decomposed by dissolving it in weak alcohol, filtering the solution to 
separate a little oxalate of potassa which falls, and then carefully adding 
sulphuric acid, by which sulphate of potassa is formed and precipitated, 
and oxalovinic acid set free. It decomposes the carbonates of lime and 
of baryta, and forms soluble oxalovinates; the pure acid may easily be 
obtained from the oxalovinate of baryta. Many bases, among which is 
the oxide of copper, decompose this acid, and produce oxalates. _ When 
its aqueous solution is evaporated, even with the utmost caution, oxalic 
acid remains, and the oxalovinic acid disappears. The oxalovinic acid 


appears to consist of 2 atoms of oxalic acid, and 1 atom of etherine. 
| : 4Q 


a 
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ld 
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-~» NIT. Formre Erurr—Distill 7 parts of dry and pulverized formiate 
of soda, with 10 of sulphuric acid, and 6 of anhydrous alcohol; agitate 
the product, first with a little magnesia to separate acid, and then with 
water to abstract alcohol; lastly, deprive it of water and of residuary 
traces of alcohol by the action of chloride of calcium. (DOBEREINER, — 
Ann. de Ch. et Ph., tii. 105.) Formic ether is colourless, and has_ 
somewhat of an hydrocyanic odour. Its specific gravity is = 0°015 at 
65°. It boils at 132°. It requires 9 parts of water at 65° for solution, - 
and when long boiled with water, especially if potassa be present, it 18” 
resolved into alcohol and formic acid. This ether has not been satis-— 
factorily analyzed. ; 4 


TX. Cuporocarponic Erarr.— When absolute alcohol is admitted 
into a balloon, containing chlorocarbonic acid gas, it becomes warm and 
yellowish; when the action has terminated, air is admitted, and soon — 
after, the liquid may be poured out and mixed with about its volume of 
distilled water; two layers are presently formed, the one of an oil-like | 
liquid, the other lighter, and containing free hydrochloric acid. The 
oily liquor, abstracted. by a pipette, and rectified over chloride. of calcium 
and litharge, in a water bath, has the following properties. It is a 
colourless liquid, without action on litmus; its odour is peculiar and ~ 
irritating; it boils at about 200°; its specific gravity=1*133 at 60°. 
It consists of ) a 7 
Carbon . ° 6). 3 36. ee 
Hydrogen 24.0%. 202-75 8) Ont eee eee 
Oxygen -). <¢ . +s 4°... 82 a 208 
Chlorine RPS with 30 6s. oD 


Chlorocarbonic ether 1 109 100-0 ! 

Duinas, from whom I have made the preceding abstract (Chim. app. 
aux Arts, v.570; Ann. de Ch. et Ph., uiv. 225), considers this ether 
as including a new acid. When it is mixed with liquid ammonia, - 
violent action ensues, hydrochlorate of ammonia is formed, and a new 
product, called by Dumas uréthane, is formed; it is obtained by evapo- 
rating the mixture in vacuo to dryness, and distilling it in a dry retort 
heated by an oil bath; a colourless liquid passes over, which concretes. 
into.a white crystalline matter, like spermacceti, and sal-ammonic remains _ 
in the retort. a 
Urethan is white, fusible, and volatile when dry, without decompo : 
sition; but, when moist, ammonia is plentifully evolved; it is readily — 
soluble in water and in alcohol, and the solution is neutral. It —_ 


sists of 
¥ Dumas. 
Carbon B oot Bo = Te aa 
Hydrogen 7 2) 5 44-2) ASB +* 
Oxygen... 4... «-aRs1. », .86'0 ‘_ 
Nitrogens Acts Ae < ree BOT - 
# Urethan :. 1. . 89 100°0 - 


‘_ 
‘i 


These elements are equivalent to 2 atoms of carbonic acid 2 (CA7 +20), 
1 atom of ammonia (n+3h), and 1 of etherine (4 Car +4h). There — 
are various other views which may be taken of it, and among them, it 
may he regarded as consisting of 1 atom of carbonic ether, or hydrated — 
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carbonate of etherine =(4car +4h)+(car+20+ g) and 1 atom of 
urea =(CAr+2h+04N). This formula has led Dumas to the term 
urethan. | 2 
X. Acetic Erner, (Eta+ a@C’.)—This ether was discovered as far 
back as 1759 by the Count de Lauraguais. . It may be prepared by dis- 
tilling a mixture of 63 parts of concentrated acetic acid, and 17 of sul- 
phuric acid, with 100 of alcohol; the receiver should be carefully cooled ; 
(125 parts may be distilled over. Another process consists in distilling 3 
parts of acetate of potassa, 3 of absolute alcohol, and 2 of sulphuric 
acid, to dryness. The product is mixed with a fifth part of sulphuric 
acid, and by careful distillation, acetic ether equal in volume to the 
alcohol may be obtained. The results of these operations, contain free 
acid and alcohol; the former may be abstracted by lime or chalk, and the 
latter by chloride of calcium. 
Acetic ether boils at 105°; it is lighter than water, and has a pecu- 
liarly agreeable odour; it burns with a yellowish flame, and acetic acid is 
developed by its combustion. Water dissolves about one seventh of its 
weight of this ether, and the solution is decomposed by potassa, giving 
rise to an acetate and to alcohol. Ammonia has no action uponit. , 
Acetic ether is composed of . 
Carbon . . 8 . . 48. . 54%5 . . 54°820 


bivoroven 2 Go oe eS Od: Fee AO ise 
Oxygen . . 4 . . 32 . . S636 . . 36425 


Acetic ether 1 88 100°00 100-000 


These elements are equivalent to 


Etherine Re is RO oo, SAB 
EV LEAD tee ee se Bg sg tog} Ether Qe elt RI 
Aceticacid 1 BL’: . SBO Aveticaeid Yi -. Sl 4). 88 
Acetic ether 1 88 100°0 : 1 88 100 
The density of the vapour of acetic ether is 3:06, which corresponds with 
Vols. Sp. Gr. 


Carbon Vapour... 2... 166 
Hydrogen. Pe a OR 
Orpen re Goes orl said 


—— 


Vapour of acetic ether 1 3°01 


According to Pelouze, when carbonic acid is passed through an alco- 
holic solution of acetate of potassa, acetic ether and bicarbonate of 
potassa are formed; this is a curious instance of etherifieation at common 

temperatures; the insolubility of the bicarbonate in alcohol is probably 
concerned in the action. . 

Acetal. When alcohol contained in a saucer is covered by an open 
jar, and some moistened spongy platinum placed in watch glasses just 
above its surface, acid vapour is formed, which is absorbed by, or falls 
into, the alcohol, and gradually renders it very sour; if it be then dis- 
tilled off powdered chalk, and rectified over chloride of calcium, acetal 

(or owidized ether of Débereiner) is obtained. It is a colouriess fluid, 
the odour of which resembles that of nitrous ether. Its specific gravity 

is 0842. It boils at 167°. It dissolves in alcohol and ether, and in 
% 4Q2 
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about 6 parts of water. 
by sulphuric acid, it is converted into 
spongy platinum it forms acetic acid. 
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It burns with a bright flame. 


By potassa, and 
a yellow resin. By the action of 
(Liznie, Pogg. Ann., xxvii. 605.) 


It appears to consist of Dumas. 
Carbon 8 48 . . 59°26 59°7 
Hydrogen 9 » SO as ALLS ye. ale 
Oxygen. 3 pA ie aE oy oy econ 
Acetal 1 81 100°00 100°0 


XI. Benzorc Erner (Eru+ben/) was discovered by Scheele; it 
may be obtained by subjecting a mixture of 4 parts of alcohol, 2 of ben- 
zoic acid, and 1 of hydrochloric acid to distillation; when about half has” 
passed over, it is returned into the retort, and the distillation is repeated 
in the same way two or three times. The ether is chiefly contained in 
the residue; it is washed with water, and then carefully distilled off 
finely powdered protoxide of lead. (TuHenarp, Mém. d’Arcueil, ii. 8.) 
Its specific gravity is 1:0539 at 50°; its boiling point, 408°= 209° Cent.; 
its tension very feeble. 

A curious case of the production of this ether has been noticed by 
Wohler and Liebig. (Ann. de Ch. et Ph., ti. 299.) When chloride of 
benzule and alcohol are mixed, the temperature of the mixture rises so as" 
to produce ebullition, hydrochloric acid is evolved, and on adding water 
to the residue, an oil-like substance separates, which is benzoic ether. __ 

Benzoic ether consists of Dumas. 

Carbon... DBs 2.” “LOB Te. a 720 he eee 


Hydropen.© > C10 seg. 0 hs, 89 67. eae 
Oxygen: Ss 7 Te SD eS ees ee 


Benzoic ether 1 150 100°0 100°00 


These elements are equivalent to 1 atom of ether+ 1 atom of benzoic acid. 


XII. Succrste Exner. (Era + suc’, )—Dumas, upon the authority 
of F. D’Arcet, gives the following process for preparing this ether. Distill 
together 10 parts of succinic acid, 20 of alcohol, and 5 of concentrated 
hydrochloric acid, cohobating the distilled product four or five times; the 
residue in the retort will fie consist of alcohol, water, succinic and 
hydrochloric acid, and succinic ether; when mixed with water, the succinic 
ether separates like heavy oily dpa: it is collected, washed with cold 
water, boiled in a flask with a short neck, till its boiling point becomes: 
constant, and lastly, distilled off dry protoxide of lead. 

Succinic ether is a limpid, colourless, oily liquid, of an aromatic 
odour; it boils at 417° (214° Canes its mets gravity is 1:036. It is” 
resolved by potassa into succinic acid and alcohol. Chlorine decomposes 
it under the influence of light, and forms crystals which have not 
been examined. This ether consists of 1 atom of ether +1 of succinic — 
acid, or of 


Carbon Bs. 40) oo a 
Hydrogen a / Rela be) i 
Oxygen . 4 Sai. Yoo é 
Succinic ether 1 87 100°0 


XU. Tarraric Ermer may be obtained from 5 parts of tartaric e 
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acid, 7 of alcohol, 2 of sulphuric acid; distill the mixture till a little 
sulphuric ether begins to be formed. If at this period we withdraw the 
heat, the liquor assumes a syrupy consistence; but water does not sepa- 
rate the compound of the vegetable acid and alcohol. By adding, by 
degrees, solution of potassa, we throw down bitartrate of potassa; then, 


_ after having just saturated the redundant acid, if we evaporate the liquid, 


and treat it in the cold with very pure alcohol, we obtain, by evaporation 
of the alcoholic solution, a substance which, on cooling, becomes like syrup. 
This substance has a brown colour, and a bitter and nauseous taste. It 
is void of smell and acidity, and is soluble in water and alcohol. It does 
not precipitate solution of chloride of calcium, but copiously that of 
chloride of barium. When heated it diffuses dense fumes, which have 


the odour of garlic, and at the same time it leaves a residue, not allaline, 


containing much sulphate of potassa. If distilled with potassa, it is 
resolved into a very strong alcohol, and much tartrate of potassa; it 
is, therefore, an ethereal combination analogous to the preceding. 


-(Tuenarp, Mem. d’ Arcueil, ii. 13.) 


XIV. Tartrovinic Actp.— When pulverized tartaric acid is digested 
for six hours with its weight of anhydrous alcohol at a temperature 
between 150° and 160°, and then diluted with 4 parts of water, gently 
heated, and saturated by carbonate of baryta, tartrate of baryta falls, and 


the solution, evaporated at about 110° and filtrated, yields, on spontaneous . 


evaporation, crystals of tartrovinate of baryta. This salt, when decom- 
posed by an equivalent of dilute sulphuric acid, filtered, and evaporated 
in the dry vacuum, leaves a white inodorous residue, which is tartrovinic 
acid: it has a sweetish acid taste, crystallizes in long oblique prisms, 
deliquescent, soluble in water and in alcohol, insoluble in ether, and 


burning with a pale flame; boiled for some hours with 40 parts of water, 


it is resolved into tartaric acid and alcohol. Subjected to a temperature 


of between 300° and 400°, it fuses and is decomposed, yielding alcohol, - 


water, acetic ether, acetic acid, carbonic acid, carburetted hydrogen, a 


volatile oil, and a liquid resembling pyroacetic spirit; and a mixture of 

charcoal, pyrotartaric acid, and oily matter, remains in the retort. 
Tartrovinic acid is decomposed when heated with nitric or sulphuric 

acid; it dissolves iron and zinc with the evolution of hydrogen; it has no 


action on tin. 


The aqueous solution of tartrovinic acid dropped into haryta water, 
forms a precipitate, which gradually diminishes as the liquid approaches 
neutralization, and again increases on adding excess of the acid; this is 
not the case with tartaric acid; nitric acid redissolves the precipitates. 
Tartrovinic acid does not precipitate any solution of strontia; added to 


lime water, it throws down a precipitate soluble in excess of acid; it 


forms no precipitate under any circumstances, either with potassa or 
soda. With neutral acetate of lead it forms small nacreous prismatic 


crystals, insoluble in tartrovinic acid, but soluble in nitric acid. Witha 


se os 


saturated solution of nitrate of silver it gives an insoluble precipitate. 
These characters distinguish the tartrovinic from the tartaric acid. 
(Gurrin-Varry, Ann. de Ch. et Ph., uxii. 55.) Its ultimate compo- 
nents in its anhydrous state, as in the salts of silver and baryta, are 
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Anhydrous tartrovinicacid 1 _ .169 100°0 100:00 
The crystallized acid consists of 


Anhydrous tartrovinic acid 1 «| 169 ss 98 
Waar st? eres eae | BPS 
1 
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178 100 


Crystallized tartrovinic acid 


The components of the anhydrous acid are therefore equivalent to 2 atoms 
of tartaric acid (66 x 2) and ] atom of ether (37); and those of the cry-— 
stallized acid are equivalent to 2 atoms of tartaric acid, 1 of ether, and ] 
of water; the former, therefore, is an anhydrous and the latter a hy drated _ 
bitartrate of ether. P 


Tur Sauts or THE Tartrovinic Acrp (tartrovinates) are soluble in — 
water and in hydrated alcohol, and sparingly soluble in anhydrous ~ 
alcohol; they are mostly crystallizable, greasy to the touch, and burn ~ 
with a flame resembling that of alcohol. They fuse when heated to- 
between 380° and 420°, and are decomposed at a temperature a little 
above that of their point of fusion; the products of their decomposition — 
are water, alcohol, acetic ether, acetic acid, a volatile oil, carburetted — 
hydrogen, and carbonic acid, and charcoal remains in the retort mixed, iff 
the temperature has not been too high, with a pyrotartrate. Boiled in 
water the tartrovinates are resolved into water, alcohol, and acid tartrates, — 
Heated with an alkali to between 320° dad 340° they evolve alcohol, — 
acetie ether, and a bitter oil. With the exception of the tartrovinate of — 
silver, they all contain water of crystallization, which may be abstracted — 
by a ar y vacuum, In the neutral tartrovinates, the oxygen in the acid is 
to that in the base as ]1 to]. When anhydrous; they may be regarded 
as compounds of 2 atoms of anhydrous tartaric acid, 1 of ether, and 1 of 
base. They are obtained either by double decomposition, or by the 
mutual action of tartaric acid, alcohol, and a carbonate. ; 

Tartrovinate of Potassa is Bbtined by the decomposition of tartro- 
vinate of baryta, by slight excess of sulphate of potassa; evaporate the 
filtrated solution nearly to the consistence of syrup, and throw down 
undecomposed sulphate of potassa by alcohol, filter again and evaporate 
spontaneously. It is a white, inodorous, bitterish salt, tana crystallizes in 
truncated rhomboidal prisms; it is soluble in about its own weight of 
water at 60°, and in all proportions at 212°. This salt consists of : 
Guérin-Varry, a 

Potassa . . a pay » » 48 ..-..° 202 2. SO 
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Crystallized tartrovinate of potassa. 


There is also a basic tartrovinate of potassa, alkaline to reagents, and — 
which crystallizes in octagonal prisms with palyhedyal terminations, 
apparently resulting from an oblique base. 

Tartrovinate of soda is prepared as the salt of potassa; it forms 
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rhomboidal and rectangular lamellar erystals, which include 24 atoms of 
water. . 

Tartrovinate of lime is prepared as the salt of baryta; it forms white 
rectangular and lamelliform prisms, including 5 atoms of water of 
crystallization. 

Tartrovinate of baryta. The preparation of*this salt is described 
above; its primary form is the oblique rhomboidal prism; it is white, 
inodorous, and slightly bitter; its crystals include 2 atoms of water; 100 
parts of water, at 60°, disselve about 36 of this salt, and at 212°, 128 
parts. It is insoluble in anhydrous alcohol. 

Tartrovinate of zinc is produced by the action of the dilute acid on 
‘gine; it is white, and crystallizes in rectangular prisms, greasy to the 
touch. | 

Tartrovinale of copper is formed by digesting oxide of copper in 
warm tartrovinic acid; it forms groups of silky prisms, including 6 atoms 
of water. 

Tartrovinate of silver is thrown down in the form of minute prismatic 
erystals, on mixing concentrated solutions of nitrate of silver, and of tar- 
trovinate of potassa or baryta, the latter being in excess. The precipitate 
must be dried in the dark at a temperature not exceeding ]20°, after 
having been washed with cold water, in which it is very sparingly 
soluble; it becomes red, and afterwards brown, when exposed to light. 
It consists of Guérin-Varry. 
Oxide of silver. Ll ... 116 . , 409% « . 4044 
Warirovime acid... /.6 1} ). 24169: ., 88S. | 89 'O6 
1 


- Tartrovinate of silver 285 100°0 100-00 


Paratartrovinic Acip. Racemovinic Acip,—The action of the 
paratartaric acid on alcohol corresponds with that of the tartaric, and the 
resulting paratartrovinic acid, as well as the salts which it forms, bear a _ 
general analogy to the corresponding tartrovinates, The composition of 
the paratartrovinic acid may be represented by 2 atoms of paratartaric 

acid, 1 of ether, and 2 of water. (Gurerin-Varry, Ann. de Ch, et Ph., 
ax, 73.) 


XV. Crrric Erner.—When a hot saturated solution of citric acid, 
mixed with alcohol, hydrochloric acid, and a certain proportion of sul- 
phuric ether, is kept for six or eight hours at a temperature between 
325° and 135°, and then water added, citric ether separates in the form 
of an oil-like liquid. Its formation in this way is uncertain, and its 

“properties have not been examined. (PELouzE.) 


§ XXIV. ComBINnaTIONS OF ErHuLE with HaLoGgEns, OR OF 
ETHeRINE WITH THE Hypracips. 


I. Hyprocnroric Eruer. Muriatic Erner. Cntoripr or Ernvte. 
—Sweet or dulcified spirit of salt, was a favourite preparation with the 
alchemists; they conceived it to possess some peculiar solvent powers in 
regard to salts of gold: it was also used in medicine; it was prepared in 
- *yarious ways; either by distilling a mixture of alcohol and hydrochloric 
acid; or of chloride of sodium, sulphuric acid, and alcohol.. ee 
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Hydrochloric ether may be obtained by subjecting to careful distilla~ 
tion a concentrated solution of hydrochloric acid gas in alcohol; or a 
mixture of 1 part of alcohol, 1 of sulphuric acid, and 2 of fused and 
finely-powdered chloride of sodium; or a mixture of chloride of antimony, 
or of tin, and alcohol. In all these cases, hydrochloric ether passes over; 
it should first he transmitted into warm water, by which its adhering 
acid and alcohol are abstracted, and its vapour may then be condensed 
by conducting it through a cold tube, and receiving it in a bottle 
surrounded by ice and salt. d 

Hydrochloric ether, thus condensed, is a limpid, colourless liquid, of 
a peculiar penetrating odour, and a sweetish flavour; it is neutral; its 
specific gravity = 0-874 at 42°: it has not been congealed; it boils at 
about 60°; the specific gravity of its vapour is 2-219. It burns with a 
flame tinged with green, and exhales the fumes of hydrochloric acid. 
Mixed with 4 volumes of oxygen and detonated by the electric spark, it — 
yields 2 volumes of carbonic acid; it is very slowly altered by water 
and by alkalis. Passed through a red-hot tube, it is decomposed into 
hydrochloric acid, hydrocarbon, charcoal, and hydrogen. Its formula igs 


(4Car+s h+ C) or (4Car +4h4+ he’); its components being 


Dumas. 


Carbon « Be Ae 2d I, B60 aaa 7s 
Hydrogen . © Se The SN FoF] a, ae ag 
Chlorine I OOS 55'd ee, eae 
Hydrochloric ether 1 65 100-0 10000 
These elements are equivalent to 
TED G «tas Pie |, Li GeO es oo AS Etherine .° | ais 1s, 26 ae 
Chlorine. . . . 1. 36. 54:57 or, Hydrochloricacid. 1. 37. 569.9 
Hydrochloric ether 1 65 100°00 Hydrochloricether 1 65 100°0 | 


II. Cutorau.—The mutual action of chlorine and alcohol was 
originally inquired into by Scheele and Westrumb; it afterwards engaged | 
the attention of the principal chemists who have expounded the theory — 
of etherification, and has been more recently investigated by Liebig and 
by Dumas. (Ann. de Ch. et Ph., xtix. 146; ti. 113.) The resulting 
product was originally termed heavy murialic ether; the term chloral 
(referring to chlorine and alcohol) has been applied to it. hy the last-_ 
mentioned chemists. Chloral is obtained by passing a large quantity of 
chlorine, carefully dried, through anhydrous alcohol; the alcohol is ats 
first kept cold, but when the first action is over, it requires to be gradu- 
ally warmed; during the whole operation, which lasts several hours, 
hydrochloric acid gas is evolved, and must be allowed to escape, Liebig 
found that several days were required to complete this action upon al 
quantity of alcohol, amounting to about 8 ounces. The product of this 
operation is mixed with twice its bulk of sulphuric acid, and subjected to — 
careful distillation; a limpid oil-like liquid passes over, which is to be _ 
heated in an open flask till its boiling-point attains about 200°; it should — 
then again be distilled off sulphuric acid, and finally rectified off a small _ 
quantity of fresh quick-lime, the distillation being performed in a bath of 
salt and water. ee Bete ts . ae 


the 
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its vapour about = 5:0. It has an irritating odour, is almost tasteless, 
somewhat caustic in its action upon the skin, soluble in water, neutral, 
and its solution is not affected by nitrate of silver. If, instead of dropping 
the chloral into water, and heating it to effect the solution, it be put into 
the contact of a few drops of water, the liquids combine into a white 
crystalline solid, and heat is evolved; and when a few drops of chloral 
are put into a flask containing humid air, small groups of crystals gradu- 


ally form upon its interior; these are hydrate of chloral. When chloral. 


is poured upon sulphuric acid, and left to itself, it forms a white sub- 
stance, which Liebig calls insoluble chloral. Chloral dissolves iodine, 
bromine, sulphur, and phosphorus. When its vapour is passed over 
heated lime or baryta, those bases become incandescent, carbonic oxide 
is evolved, and metallic chlorides mixed with carbon remain. This 
sometimes happens in rectifying chloral over quicklime. The hydrated 
alkaline oxides decompose chloral; nitric acid is almost without action 


upon it. Chloral consists of 
Dumas. 
Carbon. . 4 oe oe 1Gli oe L6G 
Hydrogen. 1 Bern OGT eee OF 
Oxygenag ) Bie. LORI se LO iting es FLO 
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Chloral ] 149 100°00 -100°0 


Hydrate of chloral consists of 1 atom of chloral and 1 of water. 
T must refer to Dumas (Chim. app. aux Arts, v. 608) for details of 


the theory of the various changes which alcohol undergoes during the 


action of chlorine, and the formation of chloral. The term chloric ether 
is sometimes applied to chloral, and sometimes to the chloride of hydro- 
carbon, described at page 543. 


Chloroform. Soubeiran and Liebig, by distilling chloral mixed with 


lime and water, or with solution of potassa, obtained a liquid, which 
when shaken with sulphuric acid, and then separated, and rectified over 
baryta, in a perfectly dry retort, yielded a dense limpid fluid, which has 
been designated chloroform. The same compound is obtained more easily 


_by distilling a mixture of ] pound of chloride of lime, 3 of water, and 3 


ounces of alcohol, in a capacious retort; about 3 ounces. of chloroform 
pass over. 
The specific gravity of chloroform is 1480 at 65°: its boiling point 


about 140°: the density of its vapour = 4:2. It is decomposed when 
‘passed over red-hot iron and copper, and, when passed through a red-hot 


glass tube, deposits crystals, apparently of chloride of carbon. Chloro~ 


form consists of 


Dumas. 
‘Carbon ~2 1 peiiy PE We wie GY es 
Hydrogen 1 . ; Vor soe ek uae nO et 
Chiorime”. 3° 2°". * LOS. 8 BS 2a - BS93S 
Chloroform 1 j2) 100°0 100°00 


III. Hyprriopic Eruer. Tope or Ernute. (4car+5h+1.)— 


This compound was discovered by Gay Lussac, (Ann. de Ch. et Ph., ix. - 


| 


 ~Chloral is a transparent colourless liquid, of a greasy aspect; its apes 
cific gravity at 65° is 1-502, its boiling point= 206°; and the density of | 
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89.) It is best obtained by mixing in a retort, 4 parts of iodine, 10 of © 
alcohol of 0°833, and gradually adding 2:5 of phosphorus: when the — 
greater part has distilled over, 3 parts more of alcohol are put into the — 
retort, and the distillation et to dryness; the product is washed: 
with cold water, and the ether rectified over chloride of calcium. ‘a 

Hydriodic ether.is colourless; it has a penetrating ethereal odour; its — 
specific gravity at 74° is 1:92. It boils at 148°, and the density of its — 
vapour is 5°'409. It is not inflammable, but when dropped on red-hot — 
charcoal it diffuses purple vapour. It is decomposed when passed through — 
a red-hot tube, and among the products is an uctuous matter containing 
iodine. Exposed to air, hydriodic ether becomes red. It is sparingly 
soluble in water, but readily so in alcohol. Potassium does not decom- 
pose it; alkalis, nitric acid, and chlorine, only slowly act upon it; sul- 
phuric acid rapidly decomposes it. It consists of 


Carbon. 6 ac 6s bh oe dl. Ae 
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Hydriodic ether 154 100:00 


or, of 1 atom of etherine + 1] hydriodic acid. 
Jodoform is a compound analogous to chloroform, and obtained by a 


similar process; its formula is (2 C@?+ h +32). (Servtias and Dumas, 
Ann. de Ch. e Ph., tvi. 133.) 


IV. Hyprosromic Erurr. Brome or Ernuie. (4car+s5h+ b.) 
To prepare this ether, introduce into a tubulated retort 40 parts of alco- _ 
hol, specific gravity *827, and 1 of. phosphorus, then add, gradually and _ 

carefully, 7 to 8 parts of bromine. The bromide of phosphorus which is 

formed, decomposes the water of the alcohol, and produces hydrobromie q 
and phosphorous acids: distill by a gentle heat into a cooled receiver. — 
When the distilled product is mixed with water, hydrobromic ether sepa- _ 
‘rates and falls to the bottom; if acid, it must be washed with a dilute 
solution of potassa. 

Hydrobromic ether is colourless, transparent, heavier than water, of — 
a strong ethereal odour, and a pungent taste; it is very volatile, soluble 
in alcohol, and preeipitarad by water; it has not been analyzed, but pro-_ 
bably, like its associates, consists of 1 atom of etherine + ] hydrobromic 3 
acid, or ] atom of ethule + 1 bromine. a 

Léwig prepares hydrobromic (bromic) ether by decomposing ether by 
bromine; he purifies it by redistillation off lime. When boiled witha — 
solution of potassa bromoform is evolved, and formiate and bromide of — 
' potassium are produced. 


Bromororm.—Bromide of lime, distilled with water and alcohol, 
yields a product analogous to chloroform, which has been termed bromo- 
Jorm. (Dumas, Ann. de Ch, et Ph., tvi, 113.) 


V. Hyprocyantc Eraser. Cyanuret or Ernuce. (4c07%+5h)+ « 
(2 CGP +2).—When equal parts of cyanuret of potassium and sulpho- 
vinate of baryta are heated in a retort, a product is obtained, which, 
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when washed with water, agitated with and then distilled off powdered 
chloride of calcium, yields hydrocyanic ether. (PELouzE, Jour. de 
 Phar., xx.) In this operation, the water contained in the sulphovinate 
is Hecom posed, its oxygen is transferred to the potassium of the cyanuret, 
and its hydrogen to the cyanogen to produce hydrecyanic acid, which, 
with the hydrocarbon of the sulphovinate, forms this ether. 

Hydrocyanic ether is colourless and has a strong alliaceous odour; its 
specific gravity is 0°70°, it boils at 180°. When pure it does not affect 
a solution of nitrate of silver, and it is with difficulty decomposed by 
solution of potassa. It dissolves in all proportions in alcohol and in ether. 
It is sparingly soluble in water. It consists of 


Carbon Silos (Us «> GO ey (say Ga O 
PyUPOCGN eke IO, wee 4 Oe eee eee 
Nitrogen a tok ty Hyd des qa ele Sard 
Hydrocyanic ether 1 55 100°0 


This ether is poisonous, but much less so than hydrocyanie acid. 


VI. Sunppocyanic Eruer.—By distilling a mixture of 1 part of 
sulphocyanuret of potassium, 2 of sulphuric acid, and 3 of anhydrous 
alcohol, Liebig obtained a compound consisting apparently of sulphuret 
of cyanogen and etherine. (Ann. de Ch. et Ph., xui. 202.) 


VII. Sunpnurer or Eravie (4 car +sh+ S) is obtained by passing 
the vapour of chloride of ethule through an alcoholic solution of protosul- 
phuret of potassium: chloride of potassium is precipitated, and the liquid 
contains sulphuret of ethule, which separates on the addition of water ; 
its density is 0'815; it has an alliaceous odour; it boils at 153°. 


VIII. Hyprosutpnuric Erpzr. Hyprosvutpuate or HypRocarson. 
HypRosuLPpHURET oF SuLpaureT or Eruune. Mercartan. (ZEIsE, 
Ann. de Ch. et Ph., xxxv. 87.) 

When sulphovinate of baryta is distilled with a concentrated solution 
of sulphuret of barium, an ethereal liquid passes over, whilst the sulpho- 
vinate becomes a sulphate; this liquid floats upon the water; it is to be 
washed and digested upon powdered chloride of calcium. It is then 
colourless, combustible, and has an odour resembling assafcetida. It is 
separable by careful distillation into two compounds; the most volatile, 

hitherto little examined, has been termed thiolic ether (from Oevov, sul- 
phur), and the other mercaptan (from mercurio aptum), in consequence 
of its high attraction for mercury. Dumas regards the latter as a binhy- 
drosulphate of hydrocarbon. This compound is best obtained by decom- 
posing the mercaptide of mercury by sulphuretted hydrogen. 

Mercaptan is a colourless liquid, of an extremely penetrating alliaceous 

odour, and a peculiar sweetish taste ; its specific gravity is 0°842 at 60°: 
_ its boiling point about 144°. It does not congeal at —8°, nor does it 
redden litmus; it dissolves in all proportions in ‘alcohol and ether, and is 
sparingly Piuble in water. Its alcoholic and aqueous solutions occasion 
copious lemon-coloured precipitates in solution of acetate, but not of 
nitrate of lead. It acts powerfully on peroxide of mercury, water is 
generated, and a colourless crystalline compound, peculiarly constituted, 


. a. 
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is the result. In the same way, it decomposes the perchloride of mer- 


a true ether, or ethereal salt, composed of 1 atom of etherine = (4 Car 


-which he terms mercaptum; this base, therefore, is presumed to consist 


_Aceticacid 1 51 _ 100-00 10000 100°00 100-000 
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hydrogen, gives rise to the reproduction of the original ether, or mer- 
captan, and to bisulphuret of mercury, and nothing else. It consists, 
according to Zeise, of i 
Carbon . 4 . . 24 . . 387 
Hydrogen-"6* .*>. S600" 87 
Sulphur, «222.2%. 9285 aro 


Mercapian 1 62 100°0 


Now it is obvious that these elements may be regarded as constituting 


+4 h) +2 atoms of sulphuretted hydrogen 2 ($+ hy, so that it corresponds 
with the other hydracid ethers, except that it contains 2 atoms, instead — 
of 1, of sulphuretted hydrogen or hydrosulphuric acid. q 

But Zeise regards mercaptan as the hydruret of a compound base, 


of (4 car+5h+: S). When mercaptan is acted on by potassium, hydro- 
gen is evolved, and a mercapturet or mercaptide of potassium is formed. 
So that mercaptan and mercaptum bear a relation to each other and to 
other bodies, analogous to cyanogen and hydrocyanic acid. | 


Mercaptan . . . . = (4€0r+4+5h+28)+h 
Mercaptide of potassium = (4car+5h+2s)+po 


So that mercaptum (mercaptule?) is a bisulphuret of ethule. 


IX. Serenruret or Ernvute (4Ca7+5h+4S€) is formed, according | 
to Lowig, by distilling seleniuret of potassium ae sulphovinate of lime 
or potassa. 


§ XXV. Acerous Fermentation. VineGar. Acetic Act. 
METHYLENE, ALDEHYD. 


WHEN any spirituous or vinous liquor, such as wine, or beer, in 
which vinous fermentation has ceased, is exposed to the access of air, 
and to a due temperature (above 65°) a new fermentation ensues, 1 — 
which oxygen is absorbed, carbonic acid evolved, and the alcohol gradu- 
ally passes into acetic acid, which is composed of 


Prout. Berzelius. | and Thenard. 
Carbon, . 4. . 24,..:..47°06 . .. 47°05 . . -46°33 . ... 6O33aae 
Hydrogen 38 VE ONS gk BOS 10) O88. ce.) oO 1 
Oxygen 7.36. 2A Or 06 Ag0] a 82 
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It will be recollected that alcohol consists of (2 car’ +3h+0). When, 
therefore, 1 atom of alcohol has the whole of its hydrogen abstracted (by 
the action of the absorbed oxygen from the air), the remaining elements” 
(which are 2 Car + 0), added to another atom of unchanged alcohol (+ On 
produce acetic acid, If, therefore, we set out with wo atoms of alcohol, 


\ 
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and abstract half their hydrogen, we shall convert them, with the addition 
of ] atom of oxygen, into 1 atom of acetic acid: now this abstraction of 
hydrogen is in some way induced by the presence of the oxygen of the 
atmosphere, so that the 2 atoms of alcohol become in fact converted 
into 1 atom of acetic acid, and 3 atoms of water, as shown in the follow- 
ing diagrams :— 


2 atoms of alcohol -+- 4 atoms of oxygen 
23 X 2 = 46 8X 4 = 32 


Carbon. Oxygen. | Oxygen.- 
—_———| Hydrogen. 


Carbon. 


Carbon. 


Hydrogen. 


Carbon. 


Oxygen. 


Hydrogen. Hydrogen. 


Oxygen. 


Hydrogen. Hydrogen. 


become 


1 atom of acetic acid + 3 atoms of water 
51 9x3 =27 


Oxygen. Oxygen. 


Oxygen. | 
Oxygen. | 


It is evident, therefore, that the evolution of carbonic acid which 
attends acetous fermentation, is not essential to the formation of acetic 
acid, and is probably referable to the decomposition of a portion of unde- 
composed sugar, or other matter contained in the liquor, which is suscep- 
tible of vinous fermentation; or that it may in some cases arise from 
other changes, or from the decomposition of a portion of the acetic acid 
itself. The quantity of carbonic acid evolved during the change of wine 
into vinegar is usually small and very variable, and not one of the leading 
phenomena, as is the case in vinous fermentation*. 


Hydrogen. Hydrogen, 


Carbon. Oxygen. 


Carbon. 


Hydrogen. 


Hydrogen. 


Carbon. 


Hydrogen. 


Hydrogen. 


* The conversion of alcohol into acetic | action of the black precipitate, produced 
acid independent of the formation of car- | by alcohol in sulphate of platinum (pla- 
bonic acid, is said to ensue during the | tinum-black) upon the vapour of alcohol, 


a 
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A mere mixture of alcohol and water will not undergo neetou 
fermentation, without the presence of yeast, gluten, or some anslégtitl 
substance; hence the more perfect wines do not become sour, even when” 
exposed to air, because they contain no ferment. ; 

Although in this mode of producing acetic acid, alcohol is its com. 
mon source, there are other vegetable substances from which it may be 
obtained, independent of vinous fermentation; as from certain mucilagial 
nous and amylaceous solutions containing vegetable albumen; and when 
once acetic acid is present, it hastens acetic fermentation, hence the 
necessity of great cleanliness in regard to the casks and vessels used in| 
vinous fermentation, and in the preservation of wine and beer: sour 
yeast, paste, and similar substances in incipient decomposition, are also” 
great promoters of acetification. 4 

The action of yeast and similar substances in the conversion of aleoholy 
into vinegar, that is, in causing it to absorb oxygen, is referred by Liebig 
to a process Sealine that by which sulphurous is converted into sul- — 
phuric acid by the action of nitric oxide: the ferment, it is presumed, — 
absorbs oxygen from the atmosphere and transfers it to the alcohol; but | 
the ferment itself gradually changes and becomes insoluble in water. 
“Some ascribe the acetification of alcohol toa new process called catalysis, 
by which mere contact is supposed to cause combinations and decompo- 
sitions; but the same explanation would apply to the action of nitric 
oxide. in the production of sulphuric acid, were it not that the visible 
formation and decomposition of nitrous acid betray the real nature of the — 
change: there is, therefore, no occasion to assume a new and mysterious — 
power, as it is evident that the organic matters alluded to induce aceti- 
fication, as the powder of platinum does by absorbing and conden & 
oxygen so as to enable the alcohol to combine with it.” - 


Vinrcar.—This term is applied to the dilute acetic acid, which 1S 
chiefly employed for domestic consumption, and which varies -crem el 
in strength, flavour, and composition, according to the sources whence it 
is pheaed. In wine countries it is procured by exposing weak wines to — 
the access of air ata due temperature, and its strength, flavour, and 
colour, depend upon the characters of the wine employed. In this country — 
beer- ~vinegar is sometimes used, or a wort is prepared for the purpose, - 
- and, in these cases, the product acquires peculiarities dependant upon the 
foreign matters necessarily present. A good extemporaneous vinegar 
may ‘be made by dissolving 1 part of sugar in 6 parts of water, and adding — 
1 of brandy or other strong spirituous liquor, and a little yeast: this — 
mixture is put into a sufficiently large cask, with the bunghole left open, — 
and exposed to a temperature of between 70° or 80°; in a month or six 
weeks, the clear vinegar may be drawn off. Liebig recommends 100° 
parts of water, 13 of brandy, 4 of honey, and 1 of tartar; or 120 of : 
water, 12 of braxtdy; 3 of brown sugar, 1 of tartar, and 4 of sour doughy 
left for. some weeks in a warm place, as good ingiedienty for the pa 
duction of vinegar. a 

The production of acetic acid by the slow combustion of alcohol has 
been above alluded to; Mitscherlich compares its formation by the ex= 
posure of ae water, and a ferment, to air, to that process, and allude i” 
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to the mode of forming it sometimes practised, which consists in suffering 
a mixture of 1 part of alcohol and 8 or 9 of water, with a little yeast, to 
trickle through beech shavings previously soaked in vinegar, and lying 
loosely in a cask perforated full of holes; he says that the air loses so 
much oxygen, that if collected as it issues from the upper holes, it extin- 

_ guishes flame, and that the temperature of the liquid rises to 85°, when 

_ that of the atmosphere is only 60°; that by the first operation, half the 
alcohol is acetified, and that the acetification is complete by a repetition 
of the process, provided it be slowly conducted; and that vinegar may be 
made in this way in a few hours. 

In all these cases, the principle of acetification is the same, and con- 
sists in the formation of alcohol, and its subsequent conversion into acetic 
acid by the abstraction of hydrogen, as above explained. Air must 
always, therefore, have access; but the vessels should not be too open, 
because in that case acid is lost by evaporation, as the temperature is 
necessarily high. Vinegar is apt to be infested by flies (Musca cellaris), 
and. by animalcules, commonly termed eels (Vibrio aceti): these may be 
destroyed by passing it through a spiral tube immersed in water heated 
to 212°, or by heating it in a hot-water bath. When vinegar is exposed 

_ to air, it gradually becomes turbid, or mothery, losing its acidity, and 
depositing a slippery gelatinous substance, which, when collected and 
dried, resembles gum, and is destitute of nitrogen; it does not, therefore, 
resemble animal mucus, to which it is sometimes compared. The vinegar 
becomes weak and mouldy as these changes go on, and they are rapid in 
proportion to its weakness. 

The vinegar of commerce is very various as to strength, and before 
the present method of producing it from pyroligneous acid, which I shall 
immediately describe, was brought into practice, it was generally adul- 
terated with other acids, especially the sulphuric, a fraud detected by the 
production of a precipitate insoluble in nitric acid, on the addition of 
acetate of baryta. Vinegar is also sometimes sharpened by hydrochloric 
acid, when it gives a precipitate, likewise insoluble in nitric acid, with 

- nitrate of silver. These precipitates require to be tested, in regard to 
their insolubility in nitric acid, because they are thus distinguished from 
other combinations of baryta and of oxide of silver, produced by the other 
acids or substances present in genuine vinegar, but small traces of sul- 
phates are found in almost all vinegars, and these must be allowed for in 
using the barytic test. If nitric acid be present in vinegar it changes the 
colour of a weak solution of indigo, when boiled with it. Pepper, and 

_ other acrid substances, are rendered evident by carefully neutralizing the 

_ vinegar with carbonate of soda, when they are detected by their undis- 

- guised pungency. 3 
__ The specific gravity of vinegar depends more upon the foreign matters 
which it contains than upon its actual strength, so that its value-cannot 
be judged of by that criterion: the density of the best vinegar (commonly 
called mwhite-wine vinegar), is about 1-020 to 1-025. ‘To ascertain the 
proportion of real acetic acid which it contains, it must be cautiously 

neutralized by carbonate ‘of soda (dry or crystallized), and the quantity 
of that salt requisite for the purpose indicates the proportion of real acetic 
acid present, 54 parts of dry carbonate of soda being equivalent to 51 of 
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Brae or anhydrous" acetic acid. The equivalent of sontene ‘of li 


in consequence of the action of the air upon it. If vinegar has been — 
‘distilled from a copper still, through a pewter worm, it is always more or . 


the first eighth part which passes over is of the specific gravity 0:997 12, 3 
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which is 50, is so near that of acetic acid, as to furnish a ready mode 
ascertaining the value of vinegar or other dilute acetic acid; for this 
purpose a piece of clean white marble is selected and aceurately. weighed, 
it is then suspended by a thread in a proper quantity of the vinegar to 
be examined, which is occasionally cautiously stirred, so as to mix its 
parts without chipping the marble; when it is no longer acted on, it is 
removed, washed, dried, and weighed; its loss is equivalent to the acetic 
acid. Another mode of ascertaining the strength of vinegar consists 1 
neutralizing it by hydrate of lime; acetate of lime is extremely soluble, 
so that the quantity of acetate of lime formed and dissolved, is directly 
as the quantity of acid present, and the densily of the resulting solution of 
acetate of lime, is in the same ratio. (See Messrs. J. and P. Taytor on 
an Acetomeler. Quart. Jour., vi.) A solution of ammonia, of known 
strength, blued by litmus, may sometimes conveniently be used as a 
neutralizing acetometric fluid. ‘An ounce of good vinegar should satu- ~ 
rate about 30 to 32 grains of pure and dry carbonate of potassa; such 
vinegar contains about 5 per cent. of anhydrous acetic acid, and its den= 
sity is from 1:0] to 1:03.” (Liesie.) | 


DistinteD VrnEGAR.— When vinegar is subjected to careful distilla~— 
tion, the first portion which comes over usually contains a little alcohol; 
this is followed by dilute acetic acid, which, towards the end of the 
process, especially if distilled over an open fire, acquires an empyreu- 
matic odour: the residue is brown, very acid, and has a burned flavour, 
According to Mr. R. Phillips (on the London Pharmacopeia, p- 7), when 
the best English malt-vinegar, of the specific gravity 1-0204, is distilled, 


so that it contains a little alcohol; a fluid-ounce of it, — 1°8047 cubigm 
inches, dissolves from 4'5 to 5 grains of precipitated carbonate of lime: 
the next six-eighths have the specific gravity 1:0023, and a fluid-ounce 
dissolves 8°12 grains of the carbonate; a fluid-ounce of the acid, of specifie 
gravity 1° 007, “dissolves 15 to 16 grains of precipitated carbonate of lime, | 
or 13°8 grains of marble. | 

Distilled vinegar is colourless, and wants the agreeable fresh flavour 
and odour of the original: vinegar, compared with which it is flat: this 
arises partly from a trace of alcohol and of acetic ether which it contains, 
and also from a peculiar organic matter which passes over in distillation, - 
and which distilled vinegar sometimes deposits in the form of a gray 
sediment; its nature is unknown: when the acid containing it is neutral- — 
ized by an alkali and slowly evaporated, it communicates a brown tinge, 


less contaminated by copper, ssh or tin, and consequently becomes : 
discoloured when tested by sulphuretted hydrogén, especially after it has 
been reduced in bulk by evaporation. Earthenware, or even silver con-_ 
densing-tubes, are therefore used by the wholesale vinegar-distillers; or 
upon the small scale, glass vessels may be employed; ai the use of 
distilled vinegar is now almost entirely superseded by that of a mixture 
of pure Basie acid and water, and this mixture, coloured by burned sugar, 

is pretty generally employed as a substitute for vinegar. 
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_ When vinegar is subjected to a low temperature its aqueous part is 
that which first congeals, and the remaining unfrozen portion is the 
strongest; in this way vinegar may, to a certain extent, be concentrated. 


Pyro.igneous Acip.—The production of vinegar by the destructive 
distillation of wood, has already been mentioned as one of the numerous 
discoveries of Glauber* (p.27). It is now conducted upon a large 
scale, expressly for obtaining that acid. For this purpose the follow- 
ing apparatus is used. A series of cast-iron cylinders, about 4 feet 
in diameter, and 6 feet long, are built horizontally in brick-work, so 
that the flame of one furnace may play round about two cylinders, both 
ends of which project a little from the brick-work. One of them has a 
disc of cast iron well fitted and firmly bolted to it, from the centre of 
which disc an iron tube about 6 inches diameter proceeds, and enters at 
a right angle the main tube of refrigeration. The diameter of this tube 
may be from 9 to 14 inches, according to the number of cylinders. The 
other end of the cylinder is called the mouth of the retort. This is closed 
by a disc of iron, smeared round its edge with clay-lute, and secured in 
its place by wedges. The charge of wood for such a cylinder is about 8 
ewt.. The hard woods, oak, ash, birch, aud beech, are alone used, and 
these should be seasoned or kept for some time to become dry. Fir does 
not answert. ‘The heat is kept up during the day-time, and the furnace 
is allowed to cool during the night. Next morning the mouth is opened, 
the charcoal removed, and a new charge of wood is introduced. The 
average produce of crude vinegar, called pyroligneous acid, is 35 gallons. 
It is much contaminated with tar; is of a deep-brown colour; and has a 


* Berzelius justly observes that this acid was probably known at a much more 
remote period, and used by the Egyptians in the process of mummification; he 
quotes the following passage from Pliny in favour of this opinion. (Hist, Nat., lib. 
xvi., p. 2.) “Pix liquida in Europa e ¢eda (Pinus silvestris) coquitur, navalibus 
muniendis, multosque alios ad usus. Lignum ejus concisum, furnis, undique igne 
extra circumdato, fervet; primus sudor, aquee modo, fluit canali; hoc, in Syria, 
cedrum vocatur, cui tanta est vis, ut in Egypto, corpora hominum defunctorum, 
eo perfusa, serventur.” See, in reference to this subject, what I have above said 


respecting Kreasote (p. 1167). 


+ In reference to this subject, it appears from Stoltze’s experiments, that the 
dried wood of all trees yields nearly the same quantity of fluid product when 
similarly distilled, but that the proportion of acetic acid in itis veryvariable. The 
following table illustrates this :-— 


1 ounce of 
ar d yield PO a a are ee Empyreumatic gq, 1 
1 ® rains 0 e 
100 parts of dry wood yie Liquor. Oo eaege - Oil. arcoa 
Potassa. 
Birch, (Betula alba). . . » 45 -. « 55 « . 860 . , 244 
Beech, (Fagus sylvatica) ». . 44 «© « S54 . - 955 2 . 246 
Oak, (Quercus robur) . . ». 43 «© » 50. . 906 2. « 262 
Ash, (Fraxinus excelsior) . . 468 . . 44 . . 880 . . 22°] 
White poplar, (Populus alba) 458 . . 39 . « 805 . . 23°4 
Wild plum, (Prunus padus) . 437 . . 37 » - 1035 . . 21°6 
Juniper, (Juniperuscommunis) 45°83 . . 29 . . 10°73 . 22°7 


Spruce fir, (Pinus abies) . . 412 . . 29). . 13°70 . , 21:2 
Scotch fir, (Pinus sylvestris) . 424 . . 28 . . 1180 . . 21% 
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specific gravity of 1-025. Its total weight is therefore abéut 300 Is, 
But the residuary charcoal is found to weigh no more than one fifth of 
the wood employed. The crude pyroligneous acid is rectified by a second 
distillation in a copper still, in the body of which about 20 gallons of 
viscid tarry matter are left from every 100. It has now become a trans- 
parent brown vinegar, haying a considerable empyreumatic smell, and a 
specific gravity of 1013. Its acid powers are superior to those of the 
best household vinegar, in the proportion of 3 to 2. (Urr's Dictionar > 
Art. Actp, acetic.) , 

The plirifeation of this crude acid is generally effected as follows; it 
is saturated with slaked lime, previously made into a thin cream with 
water ; in this way much of the empyreumatic extractive is precipitated 
in insoluble combination with the lime; the clear solution, containing 
acetate of lime, is then drawn off and mived with a concentrated solution 
of sulphate of soda, till no further precipitation of sulphate of lime en- 
sues; when this has fallen, the supernatant liquor is let off, the residuary 
sulphate washed, and the whole of the solution evaporated ; during this 
process, empyreumatic resin separates upon the surface, and is skimmed 
off, and when the solution has acquired a due density, it is set aside to 
erystallize, and the mother-liquor is poured off and treated as before. 
At last, a brown uncrystallizable liquid remains, which contains, besides 
acetate of soda, an empyreumatic extractive, ala resin combined with 
soda, and which may be decomposed by evaporation to dryness, and cal- 
cination, so as to leave the soda.. The crystallized salt, which is impure 
acetate of soda, after haying been purified by solution and recrystalliza- 
tion, is fused in an iron pot, stirred till it dries, and the heat is then 
carefully raised to incipient carbonization, by which the empyreumati¢ 
matters which rendered it impure are carbonized, whilst the salt itself, if 
the operation be skilfully conducted, is little damaged; the mass is then 
dissolved in water, filtered, and recrystallized, and yields pure acetate of 
soda. This salt is then distilled with 0°36 of its weight of sulphuric 
acid, either in glass, or in metallic stills with silver condensers. The 
product is a strong acid, of the specific gravity 1°05; it still has an empy-— 
reumatic flavour, which is removed by well-burned animal charcoal; it is 
then duly diluted with water, and applicable to all the purposes for which 
common vinegar is employed; when intended for the table, it is coloured 
by burned sugar, and flavoured by a few drops of acetic ether. For 
pickles and sauces of all kinds, it is generally used in a somewhat 
stronger state than common vinegar. It is used as a substitute for 
vinegar in all the processes of the arts, being more or less purified in these 
cases, according to the purposes for which it is required. 


Acrtité Acip.—Pure acetic acid, or as it was formerly called, radical 
vinegar, is obtained by decomposing acetate of soda; this salt is first 
purified by two or three solutions and erystallizations, and then carefully 
desiccated, by heating and stirring it, without fusion, in an iron basin; it 
is then pulvérized,; and put into a capacious tubulated retort, with two 
equivalents of pure sulphuric acid, at a temperature of about 195°; acetic 
acid is liberated, but when about an eighth part has passed over, the 
retort must be carefully heated; the distillation may be continued till he 
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saline matter in the retort, which is bisulphate of soda, is in quiet 
fusion. The products of this first distillation must be rectified over a 


little dried acetate of soda, then placed in ice till it congeals; the con- 


gealed acid is suffered to drain by inverting the bottle which contains it, 


and in that frozen state it may be regarded as pure hydrated acetic acid; 
it retains its solid form till the thermometer rises to about 50°; if cooled 
down to 45°, and then shaken, or a particle of solid matter dropped into 
it, it congeals, and at the same time an immersed thermometer rises to 


51°. Its crystals are generally flat plates of a pearly lustre; it has a 


Strong irritating odour, agreeable when much diluted, and is powerfully 
acid and caustic, reddening the skin, and raising a blister. It absorbs 
moisture from the air, and dissolves in all proportions in water and in 
alcohol. The specific gravity of this acid (the liquified crystallized acid) 
is 106296 at 60°, but its density is no criterion of its strengh, as shown 
in the following table, drawn up by Dr. Thomson, according to whom 
the crystalline or glacial acid consists of 1 atom of anhydrous acid + 1 


atom of water. 


Atoms of Atomsof Sp. Gr. Atoms of Atoms of Sp. Gr. 
Acid. Water. at 60°. Acid. Water. at 609. 
] + 1 Por 1:06296 1 + 6 rats 1°06708 
1 + 2 <s 1:07060 1 a 7 Silos 1°06349 
1 + 3 eae 1:07084 l Se 8 rs 1:05974 
DA) oly: 107182 Lie 9 « » 1°05794 
] + i) er 1°06820 1 10 . ae 1°05439 


The liquid acid, therefore, is at its greatest density when it consists 
of 1 atom of anhydrous acid, and 4 atoms of water, or of about 100 of 
real acid and 72 of water. It appears, also, that the density of the acid 
containing only 1 atom of water, is nearly the same with that containing 
7 atoms. 

Acetic acid has not been obtained in an uncombined anhydrous state. 
When heated, it distils over without change. It is only partially decom- 
posed by a red heat, yielding acetone and carbonic acid: at a very high 


_ temperature it is resolved into inflammable gases and carbon. If passed 


over red-hot charcoal, it yields carbonic acid, water, carbonic oxide, and 
carburetted hydrogen. © 

Cold acetic acid is uninflammable, but when heated, its vapour burns 
with a blue flame; the oxyacids are almost without action upon it. 
Chlorine, under ordinary circumstances, little affects it, but exposed to it 


under the direct solar rays, hydrochloric and chlorocarbonic acids are 


formed, and crystalline chloracetic acid. | 

Acetic acid is displaced from its combinations by most other acids. 
Tt forms a well-defined class of salts, acetates, all of which are soluble in 
water, and in which the oxygen in the acid is.to that in the base as 3 to 1. 
Some of the peroxides convert part of this acid into carbonic acid and 
water, by which they are reduced to a soluble state, and form protacetates. 
It is a solvent of many organic products, among which. are camphor, 
resins, and albumen. 

The composition and equivalent of the anhydrous acetic acid have 


been above given; the crystalline, or hydrated acid (aC!+ q) consists 


of 
4R2 
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Mollerat. 
Anhydrous acetic acid 1 2 Ws oe ROO ste oe. wg aie 
Water Be CR Oe EES NS CaS Ry en ere 
1 


Crystallized acetic acid 60 100 100000 


It will be seen by referring to the atomic constitution of the anhydrous 
acetic acid, that it is represented by (4 CA? +3 q), or (4CaAr +3 Ah+s 0), 
and that the hydrated or crystalline acid, represented by the formula — 
(scar +4q) or (4Car +4 h+s 0), may be regarded as including equal 
volumes of hydrogen and carbonic oxide. , q 


CHARACTERS OF THE AcETATES.—It has already been stated that these 
salts are soluble in water; there are, perhaps, two exceptions, in those of — 
molybdenum and of tungsten, and the acetate of silver and of protoxide — 
of mercury are difficultly soluble. The acetates are decomposed by heat, — 
and yield variable products; those of the alkaline bases yield carbonates, 
carbonic acid, oxide of carbon, a little carburetted hydrogen, a small — 
quantity of water and of oil, and pyroacetic spirit, or acetone. Some of — 
the acetates yield acetic acid scarcely altered; and some, a mixture of 
acid and spirit, leaving charcoal, and the metal or its oxide. The fusible — 
acetates concrete, on cooling, into foliated masses. When acetates are in 
dilute aqueous solution, they often suffer spontaneous decomposition; — 
some of them become carbonates, and a green mould forms upon their 
surface. ‘These salts are recognised by the evolution of acetic acid when 
acted on by sulphuric acid; and many of them yield a precipitate of — 
nacreous crystalline scales, with a solution of protonitrate of mercury. 


AceTaTE oF AmMoniA.—lIn solution, obtained by saturating distilled — 
vinegar with carbonate of ammonia, it constitutes the liquor ammonia — 
acetatis of the Pharmacopeia, which has long been used in medicine as _ 
a diaphoretic, under the name of spirit of Mindererus. When equal — 
weights of acetate of potassa and sal-ammoniac are distilled together, — 
ammonia is evolved, and binacetate of ammonia distils over in the form 
of an oily liquid which concretes into acicular crystals, deliquescent and — 
soluble in alcohol. By passing dry ammonia into the fused binacetate _ 
it is converted into solid neutral acetate, which is a white inodorous salt, _ 
readily soluble in water and alcohol, and which is converted by heat into -— 


ammonia and binacetate. The formula of this salt is (4 car +3h-+3 0) ; 
+(n+3h)+(h+0), or “car+3h+30)4(n4+sh+0), that is, it is 


either hydrated acetate of ammonia, or anhydrous acetate of oxide of S 
ammonium: its proportionals are . 
Ammonia. . Lege ee PLT ee Sh Seo 05 re 

Acetic acid Lid7e ssf 1WiGY wees a: OBS 2 if 

Water Mi is de Oe cy tc oad bOFO _ 
pe ee ee ee a) SS — ——_. 5 ? 

Acetate of ammonia 1 77 100-00 nt 


Acetatr or Porassa (P+ C/) is usually formed by saturating dis- 
tilled vinegar with carbonate of potassa, and evaporating to dryness. It — 
is best obtained by saturating pure acetic acid, diluted with 2 or 3 parts 
of water, with the alkaline carbonate. If this salt be carefully fused, it — 
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concretes into a lamellar deliquescent mass on cooling. It is the derra 
foliata tartari, and febrifuge salt of Sylvius, of old pharmacy. It dis- 
solves in its own weight of water at 60°, and the solution has a pungent 
and sweetish saline taste. Boiling alcohol dissolves twice its weight. 
When chlorine is passed through the aqueous solution of this salt, car- 
bonic acid is evolved, and a powerful bleaching-liquid formed; exposed 
to air, it gives out chlorine; distilled, it yields acetic acid, a little chlorine, 
and no oxygen. Carbonic acid decomposes the alcoholic solution of 
acetate of potassa, carbonate of potassa is deposited, and acetic acid, 
which produces some acetic ether, is set free. Acetate of potassa exists 
in the sap of several plants, which, when burned, yield carbonate of 


potassa*. In its anhydrous state this salt consists of 
Wenzel. Richter. 
GLANS 6 = 6 LU eg oa ABE. AOS 4 OOS GE A Soa 
pectic acidus «: fi Tir. ae 5 SUS 7 3 49°85 . . 48°6 
Acetate of potassa 1 99 100°0 100°00 100°0 


Acrtate or Sopa. (S+€@C/.)—This is an easily-crystallizable salt; 
its forms are very complex, and are derived from an oblique rhombic 
prism. (Brooke, Ann. of Phil., 2nd series, vi. 39.) When it contains a 
little tar, the crystals are often bulky; they effloresce in dry air, are soluble 
in 3 parts of cold and less of boiling water, and in 5 parts of alcohol. 
This salt has a saline, but not disagreeable flavour; it fuses when 
heated, and concretes into a lamellar mass, formerly called terra foliata 
mineralis. It is of importance, as above stated, as a source of acetic 
acid; at a red heat it leaves a mixture of carbonate of soda and carbon, 
in a favourable state for the preparation of sodium. The anhydrous salt 
consists of : 


Berzelius. Wenzel. 
SOU oo sc) = aso eae, SARL) oH aoe Oo 38°311 39°67 
eC ACIG so fhe. 1 s- Sl 61:5 61°689 . 60°33 
Anhydrous acetate of soda 1 83 100°0 — 100°000 —100°00 


The dah ee salt (S+C/+6() includes 6 atoms of water, or 


Thomson and 


Berzelius. 
Soda . Se de Ok cae AY aed oa ot re eg 22°94 
estiq acide eia e k es Oe ee Gh ws. SPR eee 
‘Water . 6 54! 5). | BOs 40°11 
Crystallized acetate of soda 1 137 100°0 100°00 


in the form of a colourless liquid boiling 
at 300°, and congealing at — 10°. 


_* AuxarsIne. (4car+6h+2ar-+o.) 


—A compound represented by the pre- 
ceding formula is obtained when equal 
weights of acetate of potassa and arseni- 


- ous acid are slowly heated to redness in a 


glass retort placed in a sandheat and con- 
nected with a receiver surrounded by ice; 
carbonic acid and inflammable gases are 
disengaged, metallic arsenic sublimes, 
and two liquids pass over, the heavier of 
which is washed with water and recti- 
fied, first over caustic potassa, and then 
over lime. The alkarsine passes over 


The 
density of its vapour is 7°8. Its odour 
is that of arsenuretted hydrogen, highly 
offensive and poisonous. 

Alkarsine is sparingly soluble in water, 
but mixes in all proportions with alcohol 
and ether; it inflames spontaneously in 
the air. It has been the subject of an 
extended set of experiments by Bunsen 
and by Berzelius, of which an abstract 
will be found in LizBie’s Chimie Orga- 
nique. ? 
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_Acerate or Laruta is a very deliquescent and difficultly-crystal- 4 
lizable salt, 4a 


Acetate or Lime (C+ 4@C’) forms silky acicular prisms of a bitterish — 
saline taste, which effloresce when heated to 212°, and are soluble in 
water and alcohol; this salt is used in the formation of acetate of soda in 
the process for procuring acetic acid; heated to 226°, it is phospho- 
rescent when triturated in the dark. It consists of | rh 

Berzelius. Higgins. ~Richter. 

Lime... 28 eS 864. B64 a BBY 38S 
Aceticacid . 1. Sl . 646 . 646 . 643 . 657 
1 


Acetate of lime 79 100°0 =: 100°0 100°0 1000 


_ Acerate or Baryra (B+ @C’) is formed by digesting sulphuret of ’ 
barium or carbonate of baryta in acetic acid, filtering and evaporating; — 
dried at 212°, it yields a white powder, soluble in about its weight of — 
water, sparingly soluble in alcohol, and of an acrid pungent taste: — 
when crystallized at a temperature below 60°, it includes, according to 
Mitscherlich, 3 atoms of water, and its form resembles that of acetate | 
of lead; above 60° it forms crystals with 1 atom of water, which are — 
irregular six-sided prisms, terminated by diédral summits, the primary — 
form of which is a right rhomboidal prism. (Brooxn, Ann. of Phil., 2nd 
series, vil. 365.) In cold weather the concentrated solution concretes : 
into a congeries of silky crystals. It is sometimes used as a test of — 
sulphuric acid. The anhydrous salt consists of ey 


Bucholz. Richter. 
Baryta e e e e ° . e 1 e Ti e 60°2 e 60°56 6 59°4 y 
Aceticacid .i. « s «© %) 26 45h oe 39:8, .s 30°44). 406 
1 


ee 


Anhydrous acetate of baryta 128 100°0 100°00 100°0 


and the common crystallized acetate contains:— 

Bucholz. 
Bie yee re tee 8 at 7... 562 . . 56°70 
Acetic acid eae es 51). - & 379° « 8698 
“ht eee Pare ee ae ee eee Sane 0 a G26 nas 6°37 
1 


ee ll 


Crystallized acetate of baryta 137 100°0 100-00 


Aceratr or Srrontia (StrR+@C/) is a very soluble salt, which, — 
when crystallized, includes 2 atoms of water.. The crystals formed below — 
60° contain 4 atoms of water. | 


Acetate or Maanesta (M+C/) is a very difficultly crystallizable ‘ 
salt; it is generally obtained in the form of a gum-like mass, slightly 
deliquescent, soluble in water and alcohol, and composed of . 


Richter. : “i 

Magnesia so se A Bee [us 26g Boo . 
Acetis auldie: eden) elite ce aPPOR eat COR mi 
Acetate of magnesia 1 71 100-00 100°0 : 4 
Acetate or Mancanese. (Man+C’.)—This salt is prepared for 
., 


the use of calico-printers, by mixing sulphate of manganese with acetate — 
of lime. It forms transparent pale-red rhomboidal tables, soluble in 
water and alcohol. When printed upon calico and passed through a 
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bath of chloride of lime, a brown oxide of manganese is formed upon 
the fibre. 


Proracerate oF Iron. (Fe+ac/.)—This salt is obtained by the 
action of acetic acid on protosulphuret of iron: it forms a mass of white 
silky crystals when evaporated out of contact of air. When iron filings 
are digested in acetic acid, the resulting solution contains a mixture of 
peracetate and protacetate. When acetate of baryta or acetate of lead, 
and protosulphate of iron, are mixed in atomic proportions, double decom- 
position ensues, and protacetate of iron and sulphate of baryta or of lead 
are the results. 


PERACETATE OF IRon ( vA € +150+1: 4C/) may be obtained by digesting 
turnings and clippings of iron in acetic acid; or by dissolving peroxide 
of iron in the acid; or by mixing acetate of lead or of baryta with per- 
sulphate of iron: it forms a deep reddish-brown solution, which, when 
carefully concentrated, yields a gelatinous residue, but does not crystal- 
lize; if rapidly evaporated, it deposits a yellow powder, which is said to 
be a diacetate. This solution is much employed by dyers and calico- 
printers. 


Acetate of Zinc (ZN+- QC’) is formed either by dissolving oxide of 
zinc in acetic acid, or by mixing a solution of suiphate of zine with one 
of acetate of lead. It crystallizes in thin shining rhomboidal plates, of a 
bitter and metallic taste, very soluble, but not deliquescent: their 
primary form is an oblique rhombic prism. (Brooks, Ann. of Phil., 2nd 
series, vi. 39.) This salt is sometimes used in pharmacy, chiefly as an 
external application. According to Messrs. Aikin, the specific gravity 
of a saturated solution of acetate of zinc, made by digesting the metal in 
distilled vinegar, is 1°055. Of this solution, 900 grains contain 53. of 
dry, or 82:6 of crystallized acetate. One ounce, by measure, of the 
solution, weighs 506 grains, and contains 29°8 grains of dry, or 46°5 
grains of crystallized salt. This salt, in its usual crystallized form, in- 
cludes, according to Thomson, 7 atoms of water, but it also crystallizes 
with 3 atoms. 


Acetate or T1x.—This metal is slowly acted on by acetic acid, but a 
protacelate and peracelate of tin may be made by mixing acetate of lead 
with saturated solutions of the protochloride and perchloride of tin. 
These solutions have been recommended as mordants for the use of 
dyers, The protacetate is crystallizable. Vinegar, kept in tin vessels, 
dissolves a very minute portion of the metal; and in pewter vessels, it 
likewise dissolves a small portion of the lead, where in contact both with 
the vinegar and air; hence, distilled vinegar, which has been condensed. 
in a pewter worm, affords generally traces of both metals. (VauquaLin, 
Ann. de Ch., xxxii.) 


f Acprare or Capmium. (Cav+@¢/+2q.)—When a concentrated 
solution of this salt is exposed for about ten days to the air, it is gra- 
dually converted into a crystalline mass, while a dense liquid remains 
above it. The crystals are prisms, very soluble in water, and not altered 
by exposure to air: they include 2 atoms of water. (THomson.) 
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AcEtats oF Copatt.—Oxide of cobalt is easily soluble in acetic acid, 
forming a red solution; it yields a red deliquescent salt when carefully 
evaporated, becoming blue when heated, and forming a good sympathetic 
ink. (Insemann, Crell’s Annals, 1785, ii. 25.) 


Acetate or Nicxer. (Nic+@C!+5q.)—Carbonate of nickel dis-_ 
solves readily in acetic acid, forming a dark green solution, from which 
rhomboidal crystals may be obtained, soluble in water, but insoluble in ; 
alcohol; when-heated, they give out water and become yellow, then burn 
like tinder, and leave oxide of nickel: they include 5 atoms of water. 
(THomson.) ‘ 


Acrrate or Copper. (Cu+@c/+ q.)—This salt is generally dis- 
_ tinguished as crystallized verdigris: it has been long known, and is” 
described by Pliny (lib. xxxiv., c. ii.) It is prepared by dissolving the — 
subacetate or common verdigris in acetic acid; the solution is put into ~ 
pans and allowed slowly to crystallize, generally upon twigs or pieces of 
string suspended in it: it forms oblique rhombic prisms (BRooKE, Amn. 
of Phil., 2nd series, vi. 39), of a rich blueish-green colour, soluble in 5 
parts of boiling water, and sparingly soluble in alcohol. The dilute 
aqueous solution is decomposed when boiled, and deposits a tribasic salt. 
When this salt is heated in the air, it burns with a green flame; subs 
mitted to destructive distillation, it yields water, acetic acid, pyroacetic ~ 
spirit, carburetted gases, and a white crystalline sublimate, which is_ 
an acetate of the suboxide of copper; it leaves a residue of very finely-— 
divided copper mixed with a little charcoal, which burns like tinder 
when heated, and at a high temperature is pyrophoric. This salt was 
formerly a principal source of strong acetic acid, but since the discovery ® 
of the modes of purifying and concentrating pyroligneous acid, it has 
fallen into disuse. When sugar is added to a boiling solution of acetate 
of copper, a red crystalline powder, said to be pure suboxide of ore 
falls, and the remaining filtered solution contains some peculiar combi- — 
nation of copper, which has not, I believe, been accurately examined. 
This salt, when crystallized at temperatures below 50°, sometimes forms 
oblique 4-sided prisms, which include 5 atoms of water, and which when 
heated to 86° crack into small crystals of the ordinary monohydrated salt, 
giving off 4 atoms of water. The salt, as it usually occurs, consists of 
Phillips. Ure. Gehlen. Berzeliug i 
Oxide of copper . 40... 392 . 396 . 40 . 39:29 


1 
PECEMC MCI) ¢ |. 6) wile 1 51 . 499 . 62°0 
Water. e e e e e e e 1 e 9 e 10°9 e oat 60 ° 60°71 ; 
] 
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100 "1000 1000 100 10000 


Crystallized acetate of copper 


DIACETATE OF CoprER. SUBACETATE OF CopPER. (2 Cutac/+6 UB 
—This dibasic salt is the common verdigris or wrugo of commerce; it is 
prepared by exposing thin plates of copper to the action of acetic acid, 
or its fumes; the method now practised consists in alternating plates o: re 
copper with pieces of woollen cloth steeped in acetic acid; they gradually 
become corroded and superficially covered with verdigris, which is from — 
time to time removed, and the operation repeated as long as the plate 
lasts. Sometimes the husks and stalks of grapes or raisins, in a state ote 


* ae 
: 


a 
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acetous fermentation, are employed to act upon the copper, as is the case 
with some of the French verdigris. This article 1s commonly rolled or 
packed in white leather, and is frequently much adulterated with a mix- 


ture of chalk and sulphate of copper. Pure diacetate of copper is in 


small silky crystals; when moistened a little it crumbles, and is only par- 
tially soluble in water. This salt consists of 


Berzelius. 
Oxide of copper. . 2 80 . . 43:24 . . 43°34 
Ge ACG site So te Le el A OW ee Bee Ole ee a, as ao 
RateToas Gk ca heh es vole G4 oh BARS eae ee. Pee 
] 


185 100-00 100°00 


Hydrated diacetate of copper 


Mr. Phillips has given the following comparative statement of the 
composition of the different kinds of verdigris. (Ann. of Phil., second 
series, vi. 39.) 

Blue Crystals. French Verdigris. English Verdigris. 
y Acetic acid ° e e 28°30 e ° 29'°3 e ° 29°62 
Peroxide of copper 43°25 ae 43°5 Shed 42°25 
Water. to... 28°45 es 25:2 ay 27°51 
PMIpOrTity! 63, «ss 0 aie 2°0 wes 0°62 


ajwweseeess i “(SS 


100°00 100°0 100°00 


SuBsEsQUIACETATE OF Copper. (1:Cu + @C/ + 3q.)—This sesqui- 
basic salt is obtained by triturating the diacetate with water, filtering the 
solution, concentrating it by slow evaporation, heating so as to dissolve 


the deposit, and then adding alcohol; when the solution is set aside, a 


elatinous mass of minute crystals is formed, which when dry are of a 
pale blue colour, and consist of 


Berzelius. 
Oxide ofcopper . .. . .. - Id « 60 . 48°48 . 43°19 
Weeticrseniy JbPer; Lae he erst ieee oo od Si 51- .) 36°96.. 22236:80 


OPE Ss: Hk ee lk LS Boe Ae oll ox 6) Day aed, 5 ob ke OOo: ae OE 


Hydrated subsesquiacetate of copper 138 =: 100°00 100°00 


TRISACETATE OF Copper. (3Cu+@C’+2q.)—This tribasic salt is 
the portion of the diacetate which is insoluble in water, and which, when 
thoroughly washed with alcohol, and dried at 212°, consists of 

Berzelius. 
Oxide of copper... 8 - 120 3. 63:0 % 2 .62s6 
PREOtIE GCI. ea wh bebe he Lc ees t-OL LS See ae ee 2 GO 
Waterers) eee se Pee GAB So 18 oe. Se Oe ee ood 


Hydrated trisacetate of copper 1 189 100°0 100-00 


Acetate or Leap. (Pi+a@¢/+39.)—The oxide of lead combines, 
like the oxide of copper, in several proportions with acetic acid. The 
neutral acetate has long been known under the name of sugar of lead ; it 
is the salt of Saturn of the old chemists, and is a considerable article of 


commerce, being much used in various operations connected with dyeing 


and calico-printing. It is prepared by digesting oxide of lead in pyro- 
ligneous acid, or in pure acetic acid, and is found, in trade, of various 
degrees of purity, according to the purposes for which it is intended. 
When plates of lead are exposed to the fumes of vinegar or acetic acid, 
they become corroded and incrusted with a mixture of acetate and car- 
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bonate of lead, and which, scraped off and dissolved in excess of acetic — 
acid, forms a solution fond which crystallized acetate of lead is obtained 
by evaporation. Litharge, or other oxides of lead, may also be used in 
this process. This salt crystallizes in acicular masses, when its hot con- 
centrated solution is set aside to cool, and in this state it is generally — 
found in commerce; by slower evaporation, it yields truncated and 
flattened quandrangular and hexaédral prisms, cleavable parallel to the — 
lateral and terminal planes of a right rhombic prism, which may be — 
considered as its primary form. (Brooke, Aun. of Phil., 2nd series, — 
vi. 374.) These crystals are permanent in ordinary states ee the atmo- — 
sphere, but they effloresce and become anhydrous at about 100°, in vacuo — 
over sulphuric acid; they also gradually become anhydrous, at a tempera- — 
ture between 70° and 80°. The anhydrous acetate is soluble in boiling 
absolute alcohol, and on slow cooling is deposited in hexagonal tables, — 
Acetate of lead has a singularly sweet, and somewhat astringent, taste: its 
sp. gr. is 2°57. Water boiled upon it dissolves 0°29, and retains, when ~~ 
cold, 0°27 of its weight of it. (Bosrock.) According to Payen (Ann. de — 
Ch. et Ph., uxvi. 42) 100 parts of water at 60° dissolve 59 of the crystals. — 
It does not raise the boiling-point of water. It dissolves in 8 parts of 
alcohol. When heated, the crystals fuse at about 130°; at 212° the 
liquid salt boils, and having lost its water of crystallization, concretes 
into a lamellar mass; at a higher temperature, this fuses, then gives out 
acetic acid, acetone, and carbonic acid, and the residue of its destructive 
distillation is charcoal, and very fnely-divided lead, in a highly com- 
bustible or pyrophoric state. A brown or impure sugar of lead, made by — 
digesting litharge in rough pyroligneous acid, is manufactured expressly 
for the use of dyers. } 
Acetate of lead is. partially decomposed by carbonic acid, which throws — 
down a portion of carbonate of lead, and the acetic acid which is set free — 
protects the remaining solution from further precipitation; the carbonic 
acid contained in the atmosphere partially decomposes acetate of lead in 
this way. All the acids and their salts, which form insoluble or diffi- 
cultly soluble compounds with oxide of lead, also decompose this salt, — 
and these are very numerous; and in consequence of the facility with 
which the insoluble salts of lead are decomposed, when diffused through ~ 
water, by sulphuretted hydrogen, such applications of the acetate are of — 
frequent occurrence. The fixed alkalis throw down hydrated oxide of — 
lead from the solution of the acetate, but pure ammonia does not at first — 
precipitate the cold aqueous solution, but forms a precipitate of oxide of — 
lead when boiled. The crystallized acetate consists of 
Berzelius. Theriard. 
Oxide of lead . 112. 5895 « 587L . 58 


1 
Aceticacid. . 6 « « «6 LIL. 51 «, 2684 . 2697 . 26 
IW ober ee eo ae pte ore DE . aL laa ee £0 
1 


ee 
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Crystallized acetate of lead 190 100°00 100°00 =: 1100 


Sesqurpasic AceTaTE OF Leap. (1s Pi+ @C/.)—This salt is obtainedin 
the form of pearly six-sided scales, soluble in water and alcohol, by fusing — 
the neutral acetate till it forms a white spongy mass, the solution of which 
is evaporated to the consistence of syrup | set aside to crystallize. * 
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_ Dracerate or Leap, (Pi 4+ AC’ + 109.)—This salt is formed, 
according to Thomson, by boiling a solution of acetate of lead with the 
requisite atomic proportion of litharge: on evaporation, it falls as a white 
crystalline sediment, of a sweet astringent taste, and soluble in water. 
Its constituents are 
Thomson. 

Oxide of lead VRS Le keer Seer eae Gao 

Aesticacid 30a). S's 1G ate Bho 140 

Water «go Fou 8 030) be 2G re 2e8 


= = 


Hydrated diacetate of lead 1 365 100°0 


TRISACETATE OF Leap. (3 Pu+ @C’.)—This tribasic acetate has long 
been known, in solution, under the name of Goulard’s Extract of Lead. 
It is the Liquor plumbi subacetatis of the Pharmacopeia. It is prepared 
by boiling excess of finely powdered protoxide of lead in a solution of the 
acetate, or in dilute acetic acid. About 15 parts of litharge to 10 of 
the crystallized acetate may be used; about 6 parts are dissolved; and 
the solution, filtered and evaporated, leaves an anhydrous ¢risacelate. 
According to Payen a tribasic acetate of lead is also thrown down, 
when slight excess of ammonia is added, drop by drop, to a cold solu- 
tion of acetate of lead. ‘This salt is soluble in water; at 212° 100 parts 
of water dissolve 18 parts of the salt, and the saturated solution yields 
silky crystals on cooling; it is insoluble in absolute alcohol. It has an 
alkaline reaction. It is a very susceptible test of the presence of carbonic 
acid, which it absorbs from the atmosphere, and suffers a proportionate 
decomposition: even distilled water is seldom so free from carbonic acid 
as‘not to be rendered turbid on the addition of a few drops of the 
solution of this salt. It forms precipitates in all solutions which affect 
the neutral acetate, and it throws down the greater number of organic 
compounds, hence its use in many cases of analysis. The anhydrous salt 


consists of 
Berzelius. 
Oxide of lead. 3 rete? <5) GO'Gaie hate aer fn 
Weetle acid PO 2 PS OOP MISES Uae Tees 
1 


Trisacetate of lead 387 100°00 100°00 
Hexacerate or Leap, (6Pu+a@¢/.)—When 1 part of acetate of 
lead and 2 of litharge are boiled together, or when acetate of lead is 
decomposed by excess of ammonia, a white powder is obtained, of very 
sparing solubility, and consisting of 
Berzelius. 
Oxide oflead . . .. Ge phar. O[2.:. . SLO me mie 
Acetic acid . BRAS AELROE TS AE ee De ee et Cane a ee eee 
Rummee eat oe Pry OWES ee RR BOR oe 115 oe 
1 
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790 100°00 100°0 


Hydrated hexacetate of lead 
“AcErATE oF Antimony.—This salt, formed by digesting the protoxide 
in vinegar, was once employed as an emetic. 


Acrrats of BismutH may be formed by adding nitrate of bismuth to 
a concentrated solution of acetate of potassa; a precipitate falls, which 
_redissolyes on the application of heat, and afterwards affords scaly 


of silver; it is abundantly precipitated from a mixed solution of nitrate of _ 
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crystals. The addition of acetic acid to nitrate of bismuth prevents its 
precipitation when diluted. (MorveEav, Ency. Method., Curmiz.) | 


colour. 


AcrraTs or Certum.—Recently-precipitated oxide of cerium readily 
dissolves in acetic acid, and yields small crystals on evaporation, of a 
sweetish taste, permanent, and readily soluble in water. (HisincEer and 
Brerzetivus; Gehlen’s Jour., ii. 414.) , 


Proracetate oF Mercury (He+dC/) is most readily formed by 
mixing a solution of protonitrate of mercury with acetate of potassa. 
For this purpose dissolve 3 ounces of mercury in about 43 ounces of cold 
nitric acid, and mix this solution with 3 ounces of acetate of potassa 
previously dissolved in 8 pints of boiling water, and set the whole aside 
to crystallize, which takes place as the liquor cools, and the acetate of — 
mercury then separates in the form of micaceous crystalline plates, which — 
are to be washed in cold water, and dried on blotting-paper. (Edin. 
Phar.) In preparing this salt, the quantity of water for dissolving the 
acetate need not be so large as above directed, ] pint being sufficient, but 
it is necessary to pour the mercurial solution into the acetate. This salt 
has an acrid taste, and is very difficultly soluble in water, requiring, 
according to Braconnot (Amn. de Ch., uxxxvi. 92), 600 parts of water, 
It is insoluble in alcohol. It should be dried in the dark, as light has a 
tendency to decompose it. It was once used in medicine, especially as an 
ingredient in Keyser’s Pills. It consists of a 

Dumas, Garot. _ 


Protoxide of mercury. 1 . . 208 . . 803 .. 80°66 . . 79°70 
Acetic acids 7. SD GO TS ee ONT = eee a a ee 203 
1 


eee 


Protacetate of mercury 259 100°0 100-00 100-0 


Peracerate or Mercury (Ag+20+4C’) is obtained by boiling 
peroxide of mercury in acetic acid; on cooling, nacreous crystals are _ 


deposited, readily soluble in water, and composed of 
Stromeyer. Garot, 


Peroxide of mercury. 1 216... 679...  67:664". 7a 
Acetic seid 37-0) 8: 2 yy 102 3.05, 182", ey, Saag ee 
1 


Peracetate of mercury 318 100°0 100°000 100° 


Acrraty or Sirver. (Ag+ @C/.)—This is a very difficultly soluble 
salt, and much resembles the protacetate of mercury. It is deposited in 
lamellar crystals when acetic acid is added to a strong solution of nitrate 


silver and acetate of soda. Its difficult solubility renders nitrate of silver 
useful occasionally as a test of acetic acid. It consists of 
Dumas. 


Oxide of silver. 1 Lig. ). 69°46 S038 
Acetic acid...05. 0 1. >) 61 +. 280°54® Fg) 967 
1 


— 


167 100°00 100°00 


Acetate of silver | 


_ Acetate or Atumina.—This salt is extensively employed by dyers _ 
and calico-printers as a basis or mordant for fixing a great variety of — 


= 
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colours: it is usually made by mixing solutions of alum and acetate of 
baryta or of lead. About 3 lbs. of alum are generally dissolved in 8 
gallons of water, and a pound and a half of sugar of lead stirred into it; 
a copious formation of sulphate of lead ensues, which is allowed to sub- 
side, and the clear liquor holding acetate of alumina, and a portion of 
undecomposed alum in solution, is then drawn off; a portion of pearlash 
and chalk being added to it previous to use, in order to saturate any 
excess of acid. This salt is also produced by the mutual decomposition 
of acetate of lime and alum. A gallon of a solution of acetate of lime, of 
a specific gravity of about 1-050, equivalent to nearly half a pound avoir- 
dupois of dry acetic acid, is employed for every 23 lbs of alum. (Ure's 
Dictionary, Art. ALUMINA.) 

Acetate of alumina, formed by digesting recently-precipitated alumina 
in acetic acid, may be procured in deliquescent acicular crystals of an 
astringent taste, and containing, according to Richter, 73°81 acid + 26°19 . 
alumina: hence it is probably a binacetate. 

The solution of this salt becomes turbid when heated, and again 
transparent on cooling; a curious circumstance, first observed by Gay 
Lussac, and depending upon a temporary decomposition of the acetate; 
whether the deposit be alumina ora subacetate seems not understood; it is 
prevented in the solutions used by the calico-printer, by excess of alum. 


Acetone. Pyroasceric Sprrir. Pyroacertc Erurr.—this product 
was obtained by Derosne, along with acetic acid, by the destructive dis- 
tillation of acetate of copper. (Ann. de Chim., uxiii. 267.) Chenevix 
obtained it from other acetates, and it has subsequently been examined 
by Macaire and Marcet (Ann. of Phil., N.S., viii. 69), and by Liebig 
and Dumas. (Ann. de Ch. et Ph., xtix.) When acetate of lime is 
carefully distilled, it yields a considerable portion of this product; it may 
be freed from water and empyreumatic oil, by repeated rectification over 
chioride of calcium. It is, when pure, a colourless limpid liquid, highly 
inflammable, of a peculiar penetrating and somewhat aromatic odour; 


Specific gravity = 0°792 at 64°. It boils at 132°, and the density of its 


vapour is, according to Dumas, 2019. It mixes in all proportions with 
water, alcohol, ether, and oil of turpentine; it is not affected by exposure 
to air; it may be distilled without change over the caustic alkalis and 
chloride of calcium; but when mixed with fixed alkaline solutions, and 
exposed to air, oxygen is absorbed, and a brown matter slowly formed. 
It dissolves saline substances generally, less copiously than alcohol. 
Distilled with chloride of lime it yields chloroform. Gaseous chlorine 
is absorbed by it, with the evolution of hydrochloric acid and the forma- 
tion of a peculiar oily fluid of the specific gravity 1:33, and composed of 
(3 Car +2 A+ C+0). (Lissic.) The action of acetone on deutochloride 
of platinum has been studied by Zeise. (Ann. de Ch. et Ph., uxxii. 113.) 
The ultimate components of acetone appear to be 


Dumas. Macaireand Marcet. 


Carbon 3 16). 0), G2: hc G25 aaeao 
Hydrogen 3 Boe 103 NOS ae ee ree 
Oxygen . 1 Bot 21 Gai fee oars OOO 
Acetone 1 29 100-0 100°0 100'00 
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The product analyzed by Macaire and Marcet was probably not pure. 
Liebig and Dumas have observed that anhydrous acetate of baryta is 
resolved by heat into pyroacetie spirit and carbonate of baryta, and it will 
be found that " | | 

1 equivalent of acetic acid = 51, or (4 €ar +3h+30) 
may be exactly resolved into Wy ) 
1 equivalent of pyroacetic spirit = 29, or (3 car+sh+ 0) 
] carbonic acid = .22,o0r( Car+ 20) 


Mrracrrons.—Fremy has given this name to a product obtained by 
distilling a mixture of 1 part of sugar with 8 of quicklime: it is a colour=— 
less liquid, insoluble in water, but soluble in alcohol and ether: it has an 
agreeable odour, and boils at 183°. (Ann. de Ch. et Ph., uix. 5.) It 
consists of | : 


Fremy. 
Carbon . 6% 1, Bh oi eke eee » 12:37 
Hydrogen, 5... . 5 . « 1020 ., « 10-15 
Oxygen 1. . 8 «. . 1633 . , 17:48 
Metacetone 1 ‘49 100:00 10000 


Pyrroxyuic Spirit. Pyronicneous Spirit. Brryprate or Murny- 
LENE. (From pweOu, wine, and tidy, wood.)—We owe the discovery of this 
product to Mr. Philip Taylor (Quart. Jour. of Science, xiv. 486); it was 
alterwards examined by Macaire and Marcet (Bibl. Univ. and Ann.of Phils 
N.S,, viii. 62), then by Déberiner, by Colin, and by Liebig, by Dumas _ 
and Peligot, (Dumas, Chim, app. aux Arts, y. 419,) and by Mr. Kane of | 
Dublin. (Ann. der Pharm. xix. 164.) When wood is subjected to 
destructive distillation there is formed, along with the tar, acetic acid, 
and other products already described, a variable portion, amounting on an 
average to about | per cent., of a highly inflammable and volatile liquid; — 
it may be separated, to a certain extent, from the water and acetic acid, — 
by distillation and separation of the first products; and these, redistilled 
and rectified over quicklime, at length afford the pure pyroxylic spirit, or 
alcohol of wood. If it contain ammonia, it must be neutralized, previous — 
to its last rectification, by sulphuric acid*. Mr. Kane purifies the spirit by 
saturating it with dry chloride of calcium; the saturated solution furnishes _ 

3 ; i? 
* The experiments which have been naphtha) to burn in lamps, as a cheap 
made upon pyroxylic spirit, show its | substitute for spirit of wine. The che- 
close connexion with alcohol, and lead us | mical characters of pyroxylic spirit, as 
to suspect that, at no very remote period, | opposed to those of alcohol, are apparently — 
alcohol will rank among the other ex- sufficient, when carefully observed, to a 
_ traordinary products which are derived | enable us satisfactorily to distinguish — 
from lignin. Although this spirit has them; but articles are imported under ; 
not, I believe, as yet been rendered | the name of pyroligneous ether, spirit, &., 
palatable, or resorted to as a stimulant, | which are most suspiciously identical 
it ismuch used as a substitute for alcohol | with alcohol, and which, if not closely — 4 
in the manufacture of varnishes and examined, may lead to serious frauds _ 
other purposes of the arts. The varnish upon the revenue : strong alcohol, so dis- 4 
with which hats are rendered. water- guised as to smell and taste as in those 
proof is made by dissolving shell-lac in respects to resemble pyroxylic spirit, has 


pyroligneous spirit. Itis also commonly | already been found in the market. 
employed (often under the name of 


= 


a 
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hexagonal tabular crystals, which he distils over a water-bath as long as 
they yield spirit, and then, adding water, continues the distillation. 

_ Pyroxylic Spirit is a limpid liquid, of a peculiar odour, partaking 
of that of alcohol and acetic ether, with an aromatic taint which has been 
compared to peppermint. Its taste is hot and pungent. Its specific 
gravity at 60° is about 0-800. It boils at 150° (151-7 under a pressure 
of 29:96 in mercury); if heated in a retort, even in a water-bath, the 
sudden extrications of its vapour are troublesome, and may be prevented 
by the presence of a little mercury, which equalizes the distribution of 
heat. The density of its vapour is 1:115 (1-120 at 212°), It is not 
altered by exposure to air, but when subjected to the slow action of 
black platinum it yields formic acid; not acetic acid, as is the case with 
alcohol. When pure it is not discoloured by the action of air and light, 
mixes in all proportions with water without becoming turbid, does not form 
a black precipitate with protonitrate of mercury, and has no action on 
vegetable test papers. 

Chlorine acts less powerfully on pyroxylic spirit than on alcohol, and 
heat is required to accelerate their mutual action; it gives rise to the 
production of two liquids of very different degrees of volatility; that 
which is least volatile forms a crystallizable compound with ammonia. 
Chloride of lime acts upon pyroxylic spirit as it does upon alcohol; it also 
dissolves potassa and soda with similar phenomena. It dissolves baryta 
with the evolution of heat; and with solution of potassa and sulphuret 
of carbon, it forms a product which resembles Zeise’s hydroxanthate of 
potassa. its solvent powers, in regard to salts, closely resemble those of 
alcohol, and it has been stated that it may be substituted for alcohol in 
the preparation of fulminating silver, though the action is less violent and 
the product smaller in quantity; but, according to Dumas and Peligot, 
the product is oxalate, and not fulminate of silver; so also it converts 
nitrate into oxalate of mercury. It dissolves the resins, and may be used 
as an excellent substitute for alcohol in all varnishes; indeed, its superior 
volatility renders it preferable. eet 


Protonyprate or Metaytenr.—When 1 part of pyroligneous spirit 
is distilled with 4 of sulphuric acid, abundance of gas is evolved ; when 
this is collected over mercury, it is found to consist of carbonic and 
sulphurous acids, which may be abstracted by potassa, and of Hydrate of 
methylene, a gaseous body, having a specific gravity=1°61, and com- 
posed of 


Sp. Gr. 
1 volume carbon vapour , , ‘ : - 0°8432 
2 , hydrogen gas , , ° . 0°1376 
Tele ss aqueous vapour . . p - 0°6200 


1:6008 (DuMas.) 


This gas, therefore, according to Dumas, is isomeric with alcohol, and 
the vast difference in their respective properties depends upon the different 
densities of their hydrocarbon; the hydrogen and carbon which constitute 
1 volume of alcoholic hydrocarbon, forming 2 volumes of methylic hydro- 
carbon. 

The gas is colourless, of an ethereal odour, and burns with a flame 
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resembling that of alcohol; water dissolves about 37 times its volume of 
it, at 65°, and acquires an ethereal odour and pungent taste: it is more 
soluble in alcohol and in pyroxylic spirit; it also dissolves in sulphuric — 
acid, and is again evolved when water is added. It is presumed to con- 
sist of 1 atom of methylene and 1 of water. 


Comprnations oF Meraytenr wits THE Hypracips.—The hydracids 
act upon pyroxylic spirit, producing compounds analogous to the ethers 
of those acids, the water of the pyroxylic spirit being thrown off, and 
replaced by the acid, in such a way that each volume of the new compound 
"includes 1 volume of methylene and 1 volume of the acid; these com- 
pounds are neutral, and show no indications of their included acids to 
tests, till the combination is destroyed by a red heat or by inflammation. — 


Elyprocuiorats or Meruyiene.—This compound is best obtained by 
heating a mixture of 2 parts of chloride of sodium, 1 of pyroxylic spirit, 
and 3 of sulphuric acid; a gas is evolved, which may be received over 
water, and which is pure hydrochlorate of methylene, any impurities being 
abstracted by the water. This gas is not condensible at 0°, it is colourless, 
of an ethereal odour, and sweet taste, and burns with a greenish white 
flame. Water at 60°, dissolves 2°8 volumes. It is quite neutral, and 
gives no precipitate with solution of nitrate of silver, resembling in these 
respects hydrochloric ether. Its density, determined by experiment, is 
1-736, and analysis shows that it contains 1 volume of methylene. As 
the density of hydrochloric acid gas is = 1:2474, it is obvious that this 
ether is composed of 1 volume of methylene, and 1 volume of hydro- 
chloric acid gas, condensed into ] volume, for | 


Sp. Gr. 
1 volume of methylene . ... - - 0°4904 
1 Pe hydrochloric acid gas. . 1°2474 
ee Le CUR i eee eel TE NT 


1 % hydrochlorate of methylene 1°7378 


ComprnatTions oF MrrHyLene wits THE Oxyacips.—The action of 
the oxyacids upon pyroligneous spirit, gives rise to two classes of products; 
the one corresponding to the compound ethers formed by alcohol; the 
other analogous to the sulphovinic or phosphovinic acids. The first are 
neutral, and contain 1 atom of methylene, 1 atom of acid, and 2 atoms of 
water; they are more volatile and more stable than the corresponding 


alcoholic compounds. 


SunpHate or Mrrnytene is produced in the form of a heavy oil-like 
liquid, during the distillation of 1 part of pyroxylic spirit with 8 or 10 of 
sulphuric acid; when the oil is purified, it has an alliaceous odour; its 
specific gravity is 1:324; when anhydrous it admits of redistillation with- 
‘ out decomposition; cold water slowly decomposes it, but boiling water 
instantaneously, resolving it into regenerated pyroxylic spirit, and into 
sulphomethylic acid ; it is also decomposed by the hydrated alkalis. 

The composition of this oil is stated by Dumas to be 22'5 methylene, 
63°3 sulphuric acid, 14°2. water. 

In regard to the other combinations of methylene, I must refer to the 
authorities quoted, or to Dumas (Chim. app. aux Arts, v.) 

According to Dumas and Peligot, pyroaylic spirit is composed of 
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. Dumas. 

- Carbon : Re een es et iap Oo ee 6) OA OT 

iydrogen; <4 Sn ee ae is PID) oe eT E240 

e Oxygen 2 . « 16. « 500 .°.% 49°63 
1 


oa eee 


Pyroxylic spirit 32 100°0 100°00 


These numbers are equivalent to 


Olefiant'gas 1.) To.) The 1 48 
Water. 6 4s De eS ae SEae 


— — 


Pyroxylic spirit 1 32 100°0 


But the term methylene is applied, not to olefiant gas, but to a hydro- 
carbon, of which 1 volume contains 1 atom of carbon and 1 of hydrogen, 
so that its density is just half that of olefiant gas, being, according to 
Dumas, 0°4904; and in representing it by the equivalent 14, it is 
assumed that its atom corresponds to two volumes: if its equivalent be 
called 7, it will then correspond with its density, in reference to hydro- 
gen as'= |, and in that case, pyroxylic spirit will be represented by 
Vols. Sp. Gr. 


Methylene . Lee re br ohh SOs Vier, Leics: o,  OF490 
Water ° ° ° 1 ° ° 9 e e 56°2 e 2 1 0°625 
Pyroxylic spirit 1 «46 100°0 1 1115 


And the gaseous hydrate of dd a seas called above, the protohydrate, will 
consist of 


Vols. Sp. Gr. 

Methylene ge ey Be ever 4a io ee GOS F4ee 2 6 eh. 0968 

Water Sara psig 1) Bi ght Male gate Oe, Sen gon Oe RE eee Lie, 5. pias 
1 1 


_- _—_ 


Dihydrate of methylene 23 100:0 


The hydrochlorate of methylene, in Mee to this view, will then 
consist of 


Vols. Sp. Gr. - 
” Methylene Sgt ate Meat st dae ub (20 Oe - « 0:980 


2 2 
Hydrochloricacid © :\. 1... 37 4. 725.2 2 2 2 adod 
] 2 


oo’ 


1°737 


Hydrofluate of Methylene was obtained by Dumas and Peligot (Ann. 
de Ch. et Ph., uxi. 193), by gently heating a mixture of fluoride of potas- 
sium and sulphate of methylene in a glass retort; it is gaseous, and is 
purified by collecting it over water. It is colourless, has an ethereal 
odour, burns with a blue flame, and developes hydrofluoric acid during 
its combustion. 100 parts of water at 60° absorb 166 parts (volumes). 
It is composed of | 


Hydrochlorate of methylene 


Vols. Sp. Gr. 

Methylene Peedi ats bik acy 0h) ° 14 +6 *s 43°7 a6" 2 os 0980 

Hydrofluoricacid . . . 1 .-. 19 . . 563 . . 2. , 19356 
1 2 


_ Hydrofluate of methylene 


The nature of methylene or the base of pyroxylic spirit requires fur- 
ther examination, but if the preceding views be correct, it furnishes the 
compound of ] atom of carbon and | of hydrogen, which was required to 


- 
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complete the series of hydrocarbons: 
its formula is (car + h) and its equiva- 
lent 7, and in reference to the diagrams 
which I have elsewhere employed, it 
may be represented as in the margin. 
It is impossible to review the facts which have been adduced respect-_ 
ing the atomic constitution of the various hydrocarbons, and their rela- 
tions to oxygen and other substances, in the character of bases, without 
favourable anticipations in regard to the ultimate influence of these 
inquiries, in simplifying our views of organic compounds. Some of the 
theoretical inferences bearing upon this subject have perhaps been carried 
too far, and others are purely hypothetical, but it is only by thus viewing 
the question in different lights, and by associating and comparing the 
experimental results, that the problem respecting the atomic constitution 
of organic compounds can be ultimately solved; it will then, no doubt, be 
found that the complexity and incongruities which hang over the subject 
are apparent only, and that the fundamental doctrines of organic chemis= 
try will admit of some simple enunciation. | 


Hydrogen. 
r 


TARTROMETHYLIC Acip.—The action of the tartaric and of the para- 
tartaric acids on pyroligneous spirit has been examined by Guérin- 
Varry. (Ann. de Ch. et Ph., uxii. 77.) The products are analogous to 
the tartrovinic and paratartrovinic acids. 


Awsnyp. (4cdr+4h+20) or 4Car+s3 h+0o)+ g.—Among the 
results of the decomposition of ether and alcohol, a product has been 
adverted to under the name of aldehyd (alcohol dehydrogenatus). It was — 
first noticed by Débereiner, and examined by Liebig. (Ann. de Ch. et Ph, 
tix. 289.) Pure aldehyd is obtained by dissolving 2 parts of aldehyd- 
ammonia in water, and adding a cold diluted acid, composed of 3 parts 
of sulphuric acid and 4 of water; the mixture is distilled from a water- 
bath into a receiver surrounded by ice, and the product twice rectified 
with its bulk of chloride of calcium, at a temperature between 77° and 
86°; it is then pure aldehyd. | 

_ Aldehyd is a colourless clear liquid, feebly refracting light, and of an 
ethereal suffocating smell: it mixes with water, alcohol, and ether, is 
neutral to test paper, and burns with a pale flame: it absorbs oxygen, 
and is converted into hydrated acetic acid; it dissolves iodine, sulphur, 
and phosphorus; solution of chlorine converts it into acetic acid. Sul- 
phuric acid blackens it. With solution of potassa it yields a brown mix- 
ture, upon the surface of which a resin soon separates. When a solution 
of aldehyd is mixed with oxide of silver, the metal is reduced without 
evolution of gas, and a solution of aldehydate of silver is formed. When 
ammonia is added to a liquid containing aldehyd, and then nitrate of 
silver till all alkaline reaction ceases, the metal is also reduced. By long 
keeping, aldehyd spontaneously changes into two isomeric compounds, — 
metaldehyd, and elaldehyd; the former solid, the latter liquid. 


ALDEHYD-AMMONIA. (4CQP+3 h+0)+ (N+3 h)+ (h + 0).—Liebig 
gives the following directions for the preparation of this compound:— 
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6 parts of sulphuric acid, 4 of water, 4 of alcohol, and 6 of binoxide of 

' manganese, are distilled by a gentle heat into a tightly-fitted receiver 

cooled by ice: when the effervescence in the retort subsides, the product, 

which amounts to 6 parts, is removed and rectified with its weight of 

chloride of calcium; it now amounts to 3 parts, and is again rectified 

with the chloride of calcium, when 1°5 parts of a liquid are obtained, 

which is aldehyd mixed with a little water, alcohol, and acetic and formic 

éthers; this is mixed with its bulk of ether and saturated by dry ammo- 

_ nia, when crystals of aldehyd-ammonia separate, which are to be washed 
with ether and dried at common temperature. 

Aldehyd-ammonia forms acute rhombic prisms, which are colourless, 
transparent, and strongly refract light: they have the mixed odour of 
ammonia and turpentine: they are volatile and fusible between 158° and. 
176°; the vapour has an alkaline reaction: they distil unchanged at 
212°, and become brown and acquire a burned odour by exposure to air; 
they dissolve in water and alcohol, but not in ether. Their concentrated 
solution gives a precipitate with nitrate of silver, which contains nitric 

‘acid, oxide of silver, ammonia, and aldehyd. When potassium acts upon 
aldehyd, heat and hydrogen are evolved, and a compound results which 
contains potassa, and reduces the salts of silver when aided by heat. 


Auprenypic Acip. Acetutous Acip. Lampic Acip. (4 CaP +3 h+20) 
+ q, formed by heating oxide of silver in aldehyd ; a soluble aldehydate of 
oxide of silver is produced, which may be decomposed by sulphuretted 
hydrogen, sulphuret of silver is thrown down, and a dilute solution of 
aldehydic acid remains; it may be neutralized by the alkalis, but on 
evaporation the aldehydic acid becomes converted into acetic acid and a 
resinous matter. Evaporated in vacuo it becomes yellow. Aldehydic 
acid is probably contained in Daniell’s lampic acid (p. 1279, note). 


Acrerutr.—This term has been applied by Liebig to the hypothetical 
base or radical of aldehyd and of acetic acid: it is represented by the 
formula (4CQ7+3/). The anhydrous oxide of this radical is unknown, 
‘but aldehyd, aldehydic acid, and acetic acid, are assumed as hydrated 
oxides of such a radical; and etherine may, in accordance with certain 
hypothetical views of its compounds, be considered as a hydruret of the 
same radical, or as represented by the formula (4Ca? + 3h) +h. The 
following are the comparative formule of these compounds:— 

Acetule .  . (4car+3h) 

Oxide of acetule (4Car+8 h)+o 

Aldechyd .  . (¢car+sh+o0)+(h+0) 

Aldehydic acid . (4Car +3 h+20)+ (A+ 0) 
Acetie acid . . G car+sh+30)+(h+ 0) 
Etherine, . (car+sh)+h 

Ethule » « car+sh)+2 


482 
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ANIMAL PRODUCTS. 


Tue principal ultimate elements of animal substances are. the same_ 
as those of vegetables, namely, carbon, hydrogen, oxygen, and nitrogen; 
- but nitrogen is more generally present, and sulphur and phosphorus are 
more commonly superadded. The humidity of the proximate components, — 
their organization, and their ultimate composition, are such, as in many 
cases to render them extremely prone to change, after the loss of vitality ; 
and the very circumstances which contribute to their permanence and 
stability whilst under the influence of life, are, apparently, those which 
after death render them particularly susceptible of decomposition. The 
putrefaction of animal substances is distinguished from that of most 
vegetables by the nauseous stench which attends it, partly arising from 
the presence of sulphur and phosphorus in the gaseous products, and 
partly from other combinations, with the exact chemical nature of which — 
we are unacquainted. : “4 

The solids of animals derive their soft, flexible, or elastic texture, — 
partly from their peculiar retentive power in regard to water; for, though 
not wet or moist, in the common acceptation of the term, they some- 
times contain four-fifths their weight of water, part of which may be 
squeezed out or dried off, when they become hard, brittle, or. translucent, 
but again swell up and regain their former appearance on being immersed 
in water: this desiccation, however, always kills the part, if we perhaps - 
except some among the lower orders of the animal creation, which are 
said to admit of being dried, and again revive when moistened. Under 
this view of the subject, therefore, a living animal may be regarded as.a_ 
mass of organized matter, softened by water, probably to the amount of 
about three-fourths of its total weight. It has been ascertained that 
nothing but pure water gives the peculiar flaccidity and softness to which 
I have alluded: salt water, spirits, oils, and all other liquids, producing 
very different effects. When microscopically examined, these soft solids 
generally appear to be made up of small globular particles, of the nature 
of which, as far as muscular fibre is concerned, we shall have to speak 
afterwards. | e78 | he 

When animal matter is subjected to destructive distillation, ammonia 
is a leading product; it is generally more or less saturated by carbonic, 
and occasionally by other acids, and often in the state of solid carbonate, 
or dissolved in water and contaminated by empyreumatic oil; the salt 
and spirit of hartshorn of old pharmacy, are products of this description, 
and the same are afforded by common bone, provided the fat has been 
previously separated; for animal, like vegetable fat, yields distinct pro- 
ducts, being destitute of nitrogen. ‘The empyreumatic oil formed in these 
processes, and often termed Dippel's oil, first passes over of a pale-yellow - 
colour; it gradually becomes -darker and thicker; but when redistilled 
with water, it is nearly colourless, of a penetrating odour, and gradually 
acquires a brown colour by exposure to air; it is alkaline, soluble in 
alcohol, inflamed by nitric acid, and by somewhat diluted nitric acid it 
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becomes resinous: it is soluble in hydrochloric acid, and precipitated by 
sulphuric and nitric acids; and by alkalis in an altered and apparently 
resinous state. The dar associated with this oil, has been before noticed 
as a source of eupion. This, and the oil, have been examined by 


‘Unverdorben, who has found in them no less than four distinct substances, 
which he considers as salifiable bases; namely, 1. Odorin (from odor), 


obtained by saturating the ammonia ‘in the rectified oil, by nitric acid, 


then pouring off the oil, and distilling it in a water bath; the first portion 


which passes over is odorin; it has the concentrated odour of Dippel’s 


oil, and combines with the acids, forming peculiar oily salts; it also forms 
double salts, in conjunction with several other salifiable bases. 2. Animin 
(from animal), is contained in the oil which succeeds the odorin; this, 


washed with water, saturated with sulphuric acid, and distilled, leaves 


animin; it is an oily fluid, having the odour of purified salt of harts- 


horn. 3. Olanin (from the first syllables of olewm animale), remains in 


the retort after the odorin and animin have distilled over; when washed 
with water, it resembles a fat oil; and when exposed to air it becomes 


brown, and is converted into fuscin. 4. Ammolin (from the first syllables 


of ammonia and oleum), is obtained from the crude or unrectified animal 
oil. Unverdorben has also described another salifiable base, which he 
obtains from animal empyreumatic oil, and which, as it forms crystalliza- 
ble compounds with the acids, he has termed krystallin. The details of 
these researches, which are complicated, are contained in Poggendorff’s 
Journal (viii. and xi.), and abstracts of them are given by Berzelius and 
Gmelin: it appears probable, that some of the supposed educts are pro- 
duced by the various processes to which the oil is submitted for their 
separation; those who are engaged in researches connected with this 
subject, must consult the original papers. 
The gaseous products of the destructive distillation of animal matter 
are extremely various, and easily modified in quality as well as quantity, 
by the manner in which the process has been conducted; the charcoal 
which remains after the separation of the volatile principles has been 
already repeatedly noticed as peculiarly adapted to the removal of colour, 


- odour, and taste, from various solutions; and in consequence of the salts 


which it contains, and especially the phosphates, it resists incineration, 


and requires particular management when its incombustible contents are 


to be separated. 


PuTREFACTION AND PreseRvATION or AnrmAL Matrer,—The phe- 
nomena of animal putrefaction are extremely varied and complicated, and 
are éasily affected by extraneous causes, such as temperature, air, mois- 
ture, and other agents. The changes which are thus produced in 


individual parts of animals, will be noticed in the sequel, but a few 


general observations may be made here, in reference chiefly to cireum- 
stances which influence or modify the process. | 
The influence of temperature is commonly known; every one is 
acquainted with the preservative powers of cold; and when animal 
matters are subjected to higher temperatures than those of warm 
climates, they undergo changes which do not come within the meaning 


_of the term putrefaction. The greater number of animal substances are 


waa 
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% 
indefinitely preserved at or below the freezing-temperature, and when 
slowly thawed, they generally regain their original characters; it is in — 
this way that supplies of animal food are kept in a fresh state in many 
parts of the north of Europe, and that fish is preserved for the London — 
market. A remarkable instance of the preservative power of cold wag — 
exhibited in the ancient elephant, found incased in a mass of ice, at the — 
mouth of the river Lena, in Siberia. 

Moisture is another essential to putrefaction; when flesh is carefully 
and thoroughly dried, either by a current of warm and dry air, or by 
other methods which do not alter its composition, it resists decay; it 
has thus occasionally happened that corpses have been preserved by — 
accidental desiccation; and animal substances which are either naturally 
dry, or rendered so by art, retain their nutritive powers, and resume their 
former appearance when cautiously moistened. The various forms of 
gelatine, whilst kept dry, are imperishable; whilst in aqueous solution, or — 
in their original humid state, they are the most perishable of the animal — 
proximate principles, as skin and the varieties of tremulous jelly show. 

Air, or at least oxygen, if not absolutely essential to, is a powerful 
promoter of putrefactive changes, and under certain circumstances, its 
exclusion indefinitely retards them*; it is thus, that in Appert’s method — 
of preserving animal and vegetable food, the substances are hermetically 
sealed in tin canisters, and then par-boiled; the included oxygen becomes 
converted into carbonic acid, or enters into other combinations. il, 
butter, suet, and such substances, are sometimes similarly effectual; and 
potted and preserved meats, when covered with a film of fatty matter, 
itself not prone to change, are in that way preserved from the contact of 
air. The manner in which various saline substances, and especially 
common salt, act, is not very clearly understood; it is partly by desicca- 
tion, or abstraction of moisture, and by a corrugating power over the 
animal fibre; and partly by the production of new compounds arising out 
of the neutral action of the salt employed, or its elements, upon the 
organic matter: the preservative powers of corrosive sublimate, sulphate 
of copper, acetate of copper, the corresponding salts of iron, and very 
many other similar compounds, are of the same description. These anti- 
putrefactives are generally coagulators of albumen; and alcohol, kreosote, — 
and some of the dilute acids, have the same power, and are effective 
preservatives, Among vegetable products, the various forms of tannin 
act apparently by direct union with the animal fibre, producing combina- 
tions which are insoluble in water, which resist the joint agency of air, 
heat, and moisture, and which admit of desiccation. Sugar, which is 
sometimes employed as a substitute for salt, acts apparently by its 
affinity for water; and meat, which has been deprived by these or other 
means of only a part of its water, becomes infinitely less susceptible of 
putrefactive changes. The ancient Egyptians, seem-to have availed them- 

* Hence, the rapidity of putrefactive | modified in its results. Meat immersed 
changes in pure oxygen, and their | in water previously boiled to expel air, — 
retardation in gases which either do | and then covered by a layer of oil, to 
not contain it, or in which it is held by | prevent its subsequent absorption, may 
superior attractive power. Even under | long be kept fresh: the presence of 
water, when oxygen is strictly excluded, | iron-filings and of sulphur in the water, 
putrefaction is greatly retarded and | assist im this species of preservation.  ~ 


. 
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selves of almost all these methods of preservation in embalming their 
mummies, as appears from the researches of Dr. Granville and of Mr. 
Pettigrew, in reference to this curious subject. 

When the flesh of animals is subjected to the action of running water, 
it is occasionally converted into a peculiar fatty matter, which has been 
termed adipocere (from adeps and cera); it somewhat resembles sperma- 
ceti in appearance, and was supposed to partake of the properties of fut 
and waz. In the year 1789, Fourcroy communicated to the Royal Aca- 
demy of Sciences at Paris, a curious account of the changes sustained by 
the human bodies interred in the cemetery of the Innocents in that city; 
some of these had been piled, for a succession of years, closely upon each 
other, in large cavities containing from one thousand to fifteen hundred 
individuals. One of these graves, opened in Fourcroy’s presence, had 
been full, and closed for fifteen years. When the coffins were opened, 
the bodies appeared shrunk and flattened, and the soft solids were con- 
verted into a brittle cheesy matter, which softened and felt greasy when 
rubbed between the fingers. The bones were brittle; and the texture of 


the abdominal and thoracic viscera no longer discernible, but ‘lumps of 


fatty matter occupied their places. 

It is not uncommon to find masses of this adipocere in the refuse of 
dissecting-rooms, especially when heaps of such offal are thrown into pits 
and wells, and suffered gradually to decay. The carcasses of cats and 
dogs, and other drowned animals, also often exhibit more or less of a 
similar change; and Dr. Gibbes (Phil. Trans., 1794,) found that lean 
beef, secured in a running stream, underwent a change into fat in the 
course of three weeks. Jat, and the adipose parts of animals, also 
undergo a change in appearance and composition under similar circum- 
stances: tallow becomes brittle and .pulverulent, and may be rubbed 
between the fingers into a white soapy powder. M 

Gay Lussac, Chevreul, and some others, conceive that muscular fibre, 
skin, &c., is not convertible into adipocere, but that this compound’ 


results entirely from the fat originally present in the substance, and that 


the fibrin is completely destroyed by putrefaction. There are cases, 
however, in which the conversion of muscle and of fibrin into fat can 
searcely be doubted (Anz. of Phil., xii. 41), though the propriety of 
applying the term adipocere to such fatty matter may be questionable, 
The action of very dilute nitric acid upon some of the modifications of 
albumen is also attended by their conversion into an adipose substance, 
The chemical properties usually ascribed to adipocere are the follow- 
ing: it fuses at a temperature below 100°; it dissolves in boiling alcohol, 


and the greater portion is deposited as the solution cools; the action of 


ether resembles that of alcohol; it is saponified by the fixed alkalis, but 


not by ammonia. It would appear, however, from Chevreul’s experi- 


ments, that adipocere is not a mere modification of fat, or a simple pro- 
duct, but that it is a soap composed of margaric acid and ammonia. 
_ Connected with the putrefactive changes of organic matter are those 


_ extraordinary products of death and of disease known under the name of 
infectious and contagious matters; their chemical nature is quite unknown, 
_ except in so far that they appear to possess the general characters of organic 


compounds, and are decomposed and resolved into harmless products by 
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; 
certain chemical agents; amongst which heat, chlorine, and a few of the wy 
gaseous acids, are commonly resorted to for the purpose*. When articles 
of clothing or of merchandise which are infected with contagious matter 
are exposed for some time to a temperature of about 220°, they become 
disinfected, especially if at the same time subjected to a current of air. 
Washing in soap and water, boiling or steaming, are equally effective. 
In regard to fumigation, chlorine is the most effective agent; the mode 
of applying it, and some of its compounds, in these cases, has already 
been mentioned. In dissecting-rooms, and in the examination of dead 
bodies, too much care and attention cannot be paid to the prevention of 
the evil consequences to which various forms and applications of infec- 
tious and contagious products give rise. Their extraordinary power of 
exciting various and dangerous diseases, either by pulmonary or cuticular 
absorption, or other introduction into the living system, are too well 
known, but of their modus operandi we are utterly ignorant: sometimes 
they produce anomalous and uncertain effects; at others they have a 
tendency to create poisons in the living system, resembling themselves; — 
the inoculation of diseases, as of the small-pox, &c., is a similar case, in 
which the introduction of the smallest fraction of a grain of poisonous 
matter excites new and morbid actions, and terminates in the throwing 
off from the system of a poison corresponding in its properties with that 
from which it was derivedt. The theory of infection and contagion is — 
mysterious and curious in the extreme, but its further consideration 
would be foreign to this work. Of another matter also connected with | 
this subject, namely, the influence and production of malaria, of marsh- 
miasma, and other poisonous exhalations of organic, but principally of 
vegetable origin, we are equally ignorant; they chiefly produce that 
extraordinary disease, the ague, or intermittent fever; and their nature 
is obscure and unintelligible. | 


* In times of plague and other pesti- 
lence, the vicinity of smelting-furnaces 
- was formerly resorted to as being least 
liable to the infectious visitation; the 
sulphurous and other acid fumes were 
doubtless the disinfectants. In such 
and similar situations, in chloride of 
lime manufactories, and in other chemi- 
cal works, an immunity from certain 
diseases is consequently enjoyed, though 
others are sometimes engendered. It 
seems not impossible that the freedom 
which London enjoys from the spread 
of malignant diseases may, in part, be 
ascribed to the products of the combus- 
tion of coal, which always taint its atmo- 
sphere ; the drainage, and the copious 
supply of water, contribute, however, 
essentially to the health of its inhabi- 
tants, for {the effluvia from the offal of 
large cities, if not speedily and effec- 
tively cleared off, is, of course, produc- 
tive of infinite mischief; even in Lon- 
don, the construction and management 
_ of the sewers requires much reform, and 


were it not for the water-companies, their 
evils would be more evident. : 
+ Perhaps one of the most remarkable _ 
properties of some forms of infectious 
matter, is its permanency; retaining, as 
is frequently the case, its peculiar pow- 
ers for an indefinite period. Of this, the 
preservation and transmission. of dried 
variolous and vaccine matter is a familiar ~ 
instance. The infection of scarlet fever 
is sometimes retained for weeks and 
months by articles of wearing-apparel; 
in one instance, after a malignant form of 
that disease had prevailed in a house, it 
was fumigated with chlorine and white- 
washed, and every article of furniture 
and clothing cleansed and fumigated, 
with the exception of a handkerchief 
which had been accidentally overlooked, 
and to which the appearance of the dis- 
ease, after a period of two months, was 
probably attributable. Blankets and 
woollen goods seem especially retentive 
of such poisons, and in all doubtful cases 
should be burned, ae 
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In the higher orders of animals, the blood is of a red colour; florid 
and approaching to scarlet in the arteries, and deep purple in the veins. 
The specific gravity of the blood varies between 1:050 and 1:070, and its 
temperature in the healthy human body is about 98° or 100°. It has an 
unctuous or somewhat soapy feel, a slightly nauseous odour, and saline 
taste. It appears homogeneous, or uniform, whilst circulating in its 
vessels, or immediately upon its removal from them; but when examined 
by a microscope, it is seen to consist of numerous red spherical particles 
floating about in a colourless transparent fluid; the former having been 
termed the red globules*, the latter the serous portion, or liquor sanguints. 
The accounts given by microscopical observers of the appearance and 
characters of the red globules vary; they seem to consist of a central or 
colourless nucleus, enveloped in a film of colouring matter, the former 
insoluble, the latter soluble in water; they are said to be spherical in 
mammiferous animals, and elliptical in birds and reptiles; but upon this 
subject I must refer to physiological authorities, and especially to the 
observations of Mr. Bauer detailed and illustrated in Sir E. Home's 
Lectures on Comparative Anatomy. 

Under ordinary circumstances, the blood, soon after it has been drawn 
from its vessels, gelatinizes or coagulates, and the jelly, or coagulum, gra- 
dually separates into two parts; a liquid serum, and a soft clot or crassa- 
mentum. In the act of coagulation, the globules apparently coalesce and 
throw off the colouring matter, which is generally diffused equably 
through the crassamentum so as to give it an uniform red colour; some- 
times, however, it subsides, leaving a stratum of colourless coagulum, 
which, in inflammatory disorders, is called the buffy coat of the blood. 

It is stated that blood, if rapidly frozen before it has time to coagu- 
late, may be retained for an indefinite time in the frozen state, but that 
when thawed, it first liquifies, and then coagulates as usual; the coagu- 
lation is, at all events, much interfered with by temperature. Blood 
drawn froma vein in the arm at the temperature of 53°, coagulates in 
4:5 minutes; at 98°, in 2°5 minutes; at 120° in 1 minute. Blood which 
coagulates in 5 minutes at 60°, remains fluid for 20 minutes at 40°, and 
requires 60 minutes for complete coagulation at that temperature. 
(ScupamorE on the Blood.) When blood is received into a close vessel, 
its coagulation is somewhat retarded; it 1s accelerated in the exhausted 
receiver of the air-pump. When drawn ina full stream, it coagulates 
more perfectly and more rapidly than when in a very small stream. It 
_ appears probable that, in the act of coagulation, the temperature of the 
blood is very slightly increased, consistently with the laws of latent heat. 
These are, I believe, the principal facts which have been ascertained 
upon this subject; they throw no light upon the cause of the coagula- 


* It was supposed that the colouring 
globules were inherently red and soluble 
in water, but it has been shown by Dr. 
Young, that the effect of water is to dis- 
solve the colouring matter only, leaving 
the globule colourless ; in this state the 


globular particles appear to have the 
properties of albumen. The diameter 
of the globules in human blood varies 
from 03 tO aso Of an inch. (Re- 
marks on Blood and Pus, in Dr. Youne’s 
Medical Literature.) 
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tion*. The ratio which the clot bears to the serum is variable, and partly 
dependent upon the shape of the vessel in which the blood is contained: 
“Two portions of blood were drawn from the same person, one being 
received and allowed to coagulate in a pear-shaped bottle, and the other 
in a pint basin; and the ratio of serum to clot was as 1000 to 1292 in the 
former, and as 1000 to 1717 in the latter. In fact, when a mass of coagu- 
lating blood is contained in a spherical vessel, the particles of fibrin, being 
little removed from a common centre, are more powerfully attracted 
towards each other, yield a denser clot, and squeeze out more serum than 
when the coagulation takes place in a shallow wide basin, where the par- 
ticles are spread over a large surface; the clot of the former is compact and 
small; while that of the latter, being spongy, and hence retaining much 
serum within it, is large and abundant, though the actual quantity of solid 
matter is the same in both.” (Dr. B. Banrineron, quoted by Dr. Turner.) 

The spontaneous coagulation of the blood, and its resolution into 
serum and coagulum, forms, as it were, a step towards its analysis, and 
naturally leads to the separate examination of these, its apparent proxi- 
mate components, 


Serum oF THE BLoop.—This is the pale, straw-coloured, or greenish- 
yellow liquid, which gradually oozes out of the cruor or crassamentum; 
it feels soapy, and has a saline taste, and a specific gravity = 1-027 to 
1:030 at 50°. It usually constitutes about three-fourths of the blood, 
the pressed coagulum forming about one-fourth; it is alkaline to tests, 
slowly reddening turmeric, and rendering the blue of violets green; the 
readiest test of its alkalinity is litmus paper reddened by acetic acid; to 
this it immediately restores the blue colour. When the serum is heated 
to about 150°, it becomes a soft solid, coagulating into a translucent mass, 
which, upon the continuance of heat, becomes more opaque, and gives 
out a small quantity of a yellowish alkaline liquid, which has been 
termed serosily; this characteristic property is due to the presence of 
albumen, a most important proximate animal principle; the serum also 
contains a small but variable portion of fat, and of saline substances. _ 

Marcet and Berzelius have each given an analysis of the serum of 
human blood; the following are their results. (Medico-Chirurgical 
Transactions, vol. ii.; Annals of Philosophy, vol. ii.) 


BLOOD. 


Berzelius. 


Marcet. 
Water ; ; ; . 900°0 | Water . : . .«  S05tae 
Albumen . ae) : 86°8 | Albumen . - 80°0 


Hydrochlorates of potassa and soda 6°6 


Muco-extractive matter. 4:0 
Carbonate of soda 1°65 
- Sulphate of potassa . . 0°35 
_ Earthy phosphates ° ' 0°60 
1000°00 


* The cause of the coagulation of the 
blood is unexplained; it is true that it 
apparently consists in the aggregation 
of its globules, but we are ignorant of 
what it is which prevents this effect in 
one case and promotes it in another ; 
why the blood remains fluid whilst cir- 


Hydrochlorates of potassa and soda 60 


Lactate of soda, with snitiels 40 


matter . . : : 
Soda and phosphate of ate “1 
with ditto : . : 


Loss ; : ; . P 0:9 


——- 


1000°0° 


culating, and under other circumstances ; 
and why it occasionally coagulates, when 


required so to do, as in hemorrhage, to 


plug up the bleeding vessel, &c. We 
have no proof that the blood either 


receives or emits anything essential to 


its coagulation. 
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ALBUMEN.—This substance, which is the leading ingredient of the 
blood, occurs in two states, liquid and solid; in the former state it is 
contained in the serum, and in many of the secretions; in the latter it 
constitutes a part of the crassamentum,*and of almost all the solids of 
the animal fabric, such as muscle, bone, cartilage, tendon, ligament, and 
membrane; it is presented to us, in considerable purity, in the white of 
egg, whence the generic term, albumen, and it is from this source, and 
from the serum of the blood, that we chiefly obtain it for the purposes of 
experiment. I shall here describe the leading properties of albumen, and 
afterwards refer to its principal modifications, 

The white of egg may be regarded as a combination of albumen with 
water; it contains small quantities of saline substances, which are inse- 
parable in its liquid state. When it is evaporated at a temperature 
below 120°, it dries into a brittle, shining, transparent substance, of a 
pale yellow colour, inodorous and tasteless. Its ultimate constituents, 
exclusive of saline matters and a trace of sulphur, are carbon, hydrogen, 
nitrogen, and oxygen; of these the relative proportions have been deter- 
mined by Gay Lussac and Thenard, who analyzed the white of egg dried 
at 212°; and by Dr. Prout, who employed the dried serum of slightly- 
inflammatory blood; the following table shows its theoretical composition 


as contrasted with the experimental results:— 


; Gay Lussae. Prout. 
. 48 «¢ 5 S161 . , 52°883..+. -5O00 


Carbon . 8 . 

BARGrreee 7 Ce le ay cies wk NOs eg. AP OLU O rE wien gee 
Nittogen 26 440 605... 18908 LO 5S 
Oxyyen . 3 . B40959 4 BSL.) BBBFQ TOY GT 
Albumen 1 93 100°00 100-000 100-00 


White of egg, when heated to about 150°, coagulates, that is, becomes 

a white, translucent, and somewhat elastic substance, which, when 
cautiously dried, shrinks up and assumes the appearance of horn, 
becoming tough, yellowish, and insoluble in water. 2 parts of white of 
egg and 1 of water entirely coagulate when duly heated; equal parts 
remain, under the same circumstances, semi-fluid; a mixture of ] part 
of white of egg and 10 of water becomes opaque, but is not coagulated ; 
and a milkiness is perceptible when the albumen only forms a thousandth 
part of the solution. (Bostock, Nicholson’s Journal, xiy., and Med. Chir. 
Lrans.,i. and ii.) Fresh-laid eggs, and those which have been oiled 
upon the surface, do not perfectly coagulate when put into boiling water, 
in consequence, probably, of the dilute state of the albumen. 100 
parts of the fresh albumen of the egg, when carefully evaporated in 
vacuo, leave a residue = 15 parts. 100 parts of the coagulated white 
of a, duck’s egg (dried in vacuo with sulphuric acid) leave 13-65 parts, 
which, steeped in water, acquires its original appearance, but in four days 
only took up 68 of water, though it had lost 8635. (Carvrevt, Mém. 
du Muséum, vii. 180; Ann. de Ch. el Ph., xix. 46.) 

When liquid albumen is made part of the voltaic circuit, it presents 
appearances dependent upon the power used, which, when considerable, 
excites so much heat as to coagulate it; but with a feeble power, and 

the poles sufficiently distant, coagulation ensues most plentifully at the 
negative platinum-wire; a coagulum also forms at the positive wire, 
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where acid is sparingly evolved. These phenomena are much interfered 
with by the evolution of gases at the respective poles, which occasion a 
froth, and the appearance of more extensive coagulation than actually 
occurs. (Branpe, Phil. Trans.) : 

When coagulated white of egg is boiled for several hours, it shrinks 
up and becomes hardened, communicating traces of animal matter to the 
water. Heated by high-pressure steam in a copper digester to 400°, it 
blackens the interior of the vessel, and dissolves, leaving a small residue 
of unaltered albumen. The solution is brown, and has the odour of 
boiled meat (from osmazome?). This action deserves further investiga- 
tion. (Gmetin, Handbuch der Theoretischen Chemie, ii. 1053. 3rd 
ed., Frankfort, 1827.) 

White of egg soon runs into putrefaction, and evolves sulphuretted 
hydrogen. The serum of blood kept for two years in a well-stopped 
phial, blackened its interior, and became a stinking, pale, yellow liquid, 
still coagulable by heat, and containing hydrosulphate, carbonate, and 
acetate of ammonia, anda fetid volatile matter; a portion of yellowish- 
white purulent-looking matter, containing undecomposed albumen, 
remained at the bottom of the phial. Coagulated white of egg, even 
under water, long resists putrefaction. 

One hundred parts of dried white of egg, subjected to destructive distil- 
lation, yielded carbonic acid, carburetted and sulphuretted hydrogen, hydro- 
cyanic acid, carbonate of ammonia, partly in solution and partly sublimed, 
stinking volatile oil, and 14-9 of spongy difficultly-combustible charcoal, 
which, by incineration, left 2°21 of ash, composed of carbonate of soda, 
phosphate of soda, and phosphate of lime. (Hatcuerr.) 

Nitric acid, dropped into a solution of albumen, forms a white, flaky 
precipitate, which is more or less abundant according to the state of — 
dilution of the solution, and which is soluble in ammonia and potassa. 
When coagulated white of egg is kept for some weeks in very dilute 
nitric acid, it acquires a yellow colour, and if digested in boiling water it 
dissolves, and has acquired the properties of gelatine, and is precipitated by 
tan and hydrochlorate of tin. (Hatcuerr, Phil. Trans., 1799.) Cold nitric 
acid, specific gravity 1-25, gradually tinges coagulated white of egg of a 
yellow colour, dissolving a little of it, and forming malic acid, with the 
evolution of nitrogen; its surface becomes tallowy, and, in twenty-four 
hours, it falls into a pale yellow powder, which is acid, and composed of ~ 
nitric, nitrous, and malic acids, with albumen; when thoroughly washed 
with water, it becomes more neutral, and of an orange colour, still 
reddening litmus, and remaining insoluble in water, but soluble in caustic 
potash. (Brrzeius, Lehrbuch, p. 38; Waohler’s Translation, Dresden, 
1831.) When coagulated white of egg is digested in hot nitric acid, 
- nitrogen, nitrous gas, carbonic acid, and hydrocyanic acid are formed, and 
a dark yellow solution obtained, which is precipitated by the addition of 
water and ammonia, and which contains malic and oxalic acids, bitter 
matter, and fat. (Hatcnert, Phil. Trans., 1799.) 

Sulphuric acid is a less powerful precipitant of albumen than nitric 
acid. Dilute sulphuric acid, dropped into an aqueous solution of 
albumen, occasions a precipitate which is soluble in excess of acid; fer- 
rocyanuret of potassium throws it down. When coagulated albumen is 
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digested -in sulphuric acid, very slightly diluted, it yields a deep crimson. 
solution*. Coagulated serum, digested in sulphuric acid diluted with 
6 parts of water, converts it into acid sulphate of albumen, which, when 
edulcorated with cold water, becomes more neutral, and is soluble in warm 
water, forming a gelatinous solution, which is precipitated by sulphuric, 
hydrochloric, and nitric acids, and by the alkalis. (Bserzenius, Lehrbuch.) 
Coagulated white of egg, digested in hot sulphuric acid, becomes car-. 
bonized without forming artificial tan. (HatcHert.) 

When a solution of recently-fused phosphoric acid (pyrophosphoric 
acid) is added to a solution of albumen, it occasions an abundant preci- 
pitate: the acid gradually loses this property, but again acquires it by 
fusion and ignition. (BERZELIUS.) 

Hydrochloric acid occasions a precipitate in albuminous solutions, 
and entirely throws down the albumen when aided by heat; but the 
precipitate is soluble in excess of acid, and in ammonia and potassa. A 
hydrochlorated albumen may be formed in the same way as the sulphate. 
(Berzetivs.) Coagulated egg-albumen, digested in hydrochloric acid, 
gradually acquires a purple colour. (Harcuerr.) Albumen, which has 
been precipitated by hydrochloric acid, often becomes reddish when col- 
lected and exposed upon a filter. 

When. coagulated seralbumen is digested in acetic acid, it becomes 
soft and transparent, and, aided by a gentle heat, dissolves with the 
evolution of a little nitrogen. This solution is precipitated by the alkalis, 
but a slight excess again renders it clear: it is also precipitated by sul- 
phuric, nitric, and hydrochloric acids, and by ferrocyanuret of potassium. 
When this acetic solution of albumen is evaporated, it leaves a trans- 
parent sour residue, soluble in warm water acidulated by acetic acid. 
(BERZELIUS. ) 

Albumen is slowly soluble in liquid ammonia. In solution of potassa 
it becomes gelatinous, and yields a pale yellow-green solution, precipitable 
by acids and alcohol, and by acetic acid. Heated in liquid potassa, | 
albumen evolves ammonia. 

Alcohol and ether coagulate ovalbumen, but pure ether (free from 
alcohol) does not coagulate seralbumen. When serum is shaken with | 
ether, it soon separates upon the surface, holding fatty matter in solution. 
(Gmetin.) Coagulated serum, digested in alcohol or ether, yields a 
solution of fatty matter. 

Coagulated ovalbumen, when long boiled in water, becomes bulky 
and falls into pieces, and a small portion is dissolved: the filtered solu- 
tion, evaporated at 212°, leaves a pale brown film, and is alkaline; it is 
rendered turbid by Steal acids, acetic acid, and tincture of galls, and 
by many metallic salts. 

When albumen, which has been cautiously dried at a low temperature 
(without coagulation), is triturated with 4 parts of water, it yields a 
solution resembling fresh albumen. 

A solution of the white of an egg in a pint of water occasions no 
precipitate in lime, baryta, or strontia water, nor in solution of sulphate . 


* According to Raspail, when sugar | which is deeper in proportion as the acid 
is previously dissolved in the sulphuric | and sugar are in greater quantity. 
acid, the albumen is coloured purple,. 
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of limé. Some of the netitral salts rendér it more or less turbid, and it 
is copiously precipitated by solution of alum. Nitrate, acetate, and sub- 
acetate of lead are precipitated by albuminous solutions. One part of 
fresh ovalbumen in 2000 of water, or one of dried albumen in 10,000 of 
water, is rendered turbid by subacetate of lead. A four-hundredth part 
of liquid, or a two-thousandth of solid albumen, is precipitable by corro- 
sive sublimate. (Bosrock.) The precipitate is blackened by potassa, and 
consequently supposed to be a compound of hydrochlorate of albumen 
and calomel. But Lassaigne has shown (Ann. de Ch. et Ph., uxiv. 90), 
that it is soluble in alkalis and acids, and in solutions of alkaline 
chlorides, iodides, and bromides, and that it is a compound, apparently 
definite, of bichloride of mercury and albumen, in the proportion 6°5 of 
the former to 93°5 of the latter, or, according to his equivalents, of 1 
atom of bichloride and 10 atoms of albumen. The ready solubility of 
this hydrargyro-chloride of albumen, in several saline and other liquids, 
may in many cases prevent the efficacy of the test; and should white of 
egg be at any time used as an antidote to the poisonous effects of corrosive 
sublimate, chloride of sodium should be avoided, and vomiting excited as 
speedily as possible, in order to prevent the redissolution of the com- 
pound in the secretions of the stomach. Nitrate of silver, chloride of 
gold, and of platinum, also precipitate albuminous solutions. These pre- 
cipitates are mostly triple compounds of acid, albumen, and oxide, and 
several of them are redissoluble in excess of liquid albumen. | 

Albumen is precipitated by tannin in the form of a yellow viscid 
combination. Water, holding a thousandth part of solid, or a two- 
hundredth of liquid, ovalbumen, becomes turbid after some hours by the 
addition of a solution of galls containing 2‘5 per cent. of solid matter. 
(Bostock. ) 

The above are the principal chemical properties of liquid and solid 
albumen, as obtained from the egg and from serum of blood; several of 
their modifications will be noticed under other heads, such as Fibrine, 
Milk, Bile, &c. 

The cause of the coagulation of albumen is, in many Cases, obscure 
and even inexplicable. It appears that in some cases the acids by which it 
is coagulated enter into combination with it, so as to form insoluble com- 
pounds; the same change probably happens with certain metallic salts, 
and with tan; its coagulation by alcohol has been ascribed to the abstrae- 
tion of water. Having remarked the copious coagulation of {albumen at — 
the electro-negative pole in the voltaic circuit, I was induced to ascribe 
the fluidity of albumen to combined soda, the evolution of which seemed 
to cause its solidification; and it appeared possible that the acids, and 
-even alcohol, might also occasion coagulation by the abstraction of soda; 
and that its more enigmatical coagulation by heat only, might be ascribed 
to the transfer of soda from the albumen to the water. It has been 
objected to this statement that the addition of alkali to coagulated albumen 
does not reproduce liquid albumen, and that acetic acid causes no coagu- 
lation; but when albumen is once coagulated, its properties are essentially 
modified, and acetic acid, or even acetate of soda, appear to form soluble 
compounds with it. (Gmerin.) Dr. Turner (Elements of Chemistry) 
supposes that albumen combines directly with water at the moment of 
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being secreted, at a time when its particles are in 4 state of minute 
division; but as its affinity for that liquid is very feeble, the compound 
is decomposed by slight causes, and the albumen thereby rendered quite 
insoluble. The organization of albumen may certainly be concerned in 
its singular properties with respect to many coagulants: there are several 
albuminous fluids, which we shall hereafter refer to, which contain glo- 
bules resembling those of the blood. In the voltaic coagulation of 
albumen, that which separates at the positive pole contains globules, 
which, under the microscope, resemble the blood globules deprived of 
their colouring matter. (Prevost and Dumas, Ann. de Ch. et Phi 
xxii. 52.) 

The readiest tests of the presence of albumen in fluids are its coagu- 
lation by heat, alcohol, and acids; when it is too dilute for such detection, 
it may be subjected to voltaic electricity, or tested by corrosive sublimate, 
or by ferrocyanuret of potassium; the alkali should, in the latter case, be 
previously neutralized by acetic acid. It would appear, from Orfila’s 
experiments, that white of egg is an antidote to the effects of corrosive 
sublimate when taken into the stomach, and that, if administered in 
sufficient quantity immediately after the reception of the poison, it pre~ 
vents the progress of the symptoms. ‘The white of one ege appeared 
sufficient to render four grains of the poison ineffective. 

The readiness with which some metallic oxides are received into the 
system may perhaps be ascribed to their affinity for albumen, with which 
some of them form compounds not easily decomposable, and in which the 
metallic oxide cannot be detected by the usual tests, till they have been 
subjected to heat sufficient to decompose the organic matter. Mercury 
and silver are thus, in certain cases, detected in the secretions and 
excretions. | 


CRASSAMENTUM. CoacuLuM.—These terms are applied to that part 
of the blood which spontaneously coagulates, and gradually contracts into 
amore or less dense mass. When cautiously removed from the serum 
in which it is immersed, and of which it always retains a considerable 
proportion, it may be regarded as principally consisting of fibrin, and 
colouring matter. 


Fisrin.—This substance “may be separated from the serum and 
colouring matter, by washing it in repeated portions of cold water; or 
by stirring recently-drawn blood with a stick, to which the coagulum 
will adhere, and it may then be conveniently washed in running water, 
till the serum and colour are extracted, and the fibrin remains in the 
form of a nearly colourless and fibrous substance, insoluble in cold 
water. Berzelius obtains fibrin by cutting the clot of blood into thin 
slices, drying them upon folds of blotting paper to absorb the serum, and 
then washing with water till all soluble matters are extracted. The 
fibrin, however, stills retains a little fat, for the removal of which it must 

be digested in ether, or in warm anhydrous alcohol. 
Another mode of obtaining pure fibrin sometimes presents itself, - 
which consists in removing the colourless layer which is occasionally 
observed upon blood drawn in inflammatory diseases, and termed the 
buffy coat; when this is washed, digested in alcohol or ether, and dried, 
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it may be considered as nearly pure fibrin: this substance appears to be — 
identical with the part of blood termed coagulable lymph. . ‘ 

When fibrin is obtained by any of these means, it retains about three- 
fourths of its weight of water, which it loses by careful drying, and — 
shrinks up into a translucent tough substance, very like horn; if its fat — 
has not been separated, it is nearly transparent. When immersed in 

water it regains its original weight and softness; it has no smell or taste; 
when highly heated, it fuses, puffs up, burns, and leaves a spongy, shining 
coal. By destructive distillation it yields the usual products of azotised 
substances: the residuary coal is of difficult incineration, and amounts 
to about two-thirds per cent. of the weight of the original fibrin: . the 
ash consists of phosphate of lime, a little phosphate of magnesia, and. 
traces of iron and silica. The coal of the blood of the ox is more diffi- 
cultly incinerated than that of human blood, in consequence of its con- 
taining more phosphate of lime. | 

Dried fibrin is insoluble in cold and in hot water, but, if long boiled, 
it shrinks, hardens, and becomes. pulverulent; when the decoction is - 
evaporated, it leaves a brittle yellow substance, of an agreeable flavour, 
and soluble in water; its solution is precipitated by infusion of galls, but 
it has not the other characters of gelatine; it has been termed animal : 
extractive, and seems closely to resemble the substance which has been. 
designated osmazome. 

When fibrin is acted on by acids and by alkalis, it sometimes appears - 
to perform the part of a base, and sometimes that ofanacid. In sulphuric 
acid it swells up toa yellow jelly, but does not dissolve; heat is given 
out, and if the temperature is not kept down, the mixture chars and 
evolves sulphurous acid, but if kept cold, no such decomposition ensues. 

In water the jelly shrinks up, and when washed, so as to get rid of excess 
of acid, it dissolves in water and forms a solution, from which sulphuric 
acid again throws it down in its gelatinous form; there appears there- 
fore to be a neutral and soluble, and an acid and insoluble, sulphate of 
fibrin. If the colouring matter has not been entirely abstracted these 
solutions are red*. sf 

Cold nitric acid forms, with fibrin, a gelatinous combination, re-~ 
sembling the sulphate; further digestion in the acid renders it yellow, 
and it then appears to be a compound of fibrin with nitric and malic 
acids. : 
Phosphoric acid, recently ignited and dissolved, acts upon fibrin like © 
sulphuric acid, but if the. acid has been kept in solution for eight or ten 
days the fibrin swells up in it into a soluble jelly, which is not thrown 
down by excess of the acid. : 

Acetic acid converts fibrin into a substance, soluble in warm water, — 
and yielding a gelatinous mass on evaporation, differing from gelatin. 
Evaporated to dryness, the fibrin remains opaque and-insoluble. The 
other acids added to this acetic solution, throw down precipitates which — 


<4 ahs) sae ieee "By 


* According to Braconnot, when water | white matter, which he terms Leucine. 
is added to the recent sulphuric solution (Ann. .de Ch. et Ph., xiii.) This is pro- 
of fibrin, and the mixture boiled for a|bably a compound of fibrin and sulphuric - 
few hours, and then saturated by chalk, | acid. 
the filtered solution contains a peculiar 


i 
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_ are compounds of fibrin and of the added acid. Caustic alkali precipi- 


tates the fibrin, and, if added in excess, redissolves the precipitate. 
“Hydrochloric acid gelatinizes dry fibrin, and then dissolves it into a 
blue liquid, or purple, if not previously freed from colouring matter. No 


gas is evolved, and the solution, when diluted with water, lets fall a white 


precipitate which is a neutral hydrochlorate of fibrin, and has the general 


_ properties of the neutral sulphate: the remaining liquid retains its blue 


colour; saturated with ammonia, the colour disappears, and excess of 
ammonia renders it yellow: the blue colour, therefore, probably depends 
upon a new product. | 

Digested upon moist fibrin hydrochloric acid does not dissolve, but 
combines with it into the neutral hydrochlorate. Boiled in the acid, it is 


_ decomposed, nitrogen is evolved, and on evaporation a dark brown ammo- 


niacal compound remains. 

The acid solutions of fibrin give a white precipitate with ferrocyanuret 
of potassium, which at first is soluble, but becomes permanent on adding 
excess of the precipitant. It is a compound of cyanuret of iron, fibrin, 
and hydrocyanic acid; it is insoluble in dilute acids, but soluble in caustic 
alkali. The red ferrocyanuret of potassium (ferrosesquicyanuret) throws 
down a more soluble precipitate than the above. These precipitates are 
very characteristic of fibrin, and of seralbumen, ovalbumen, and lactal- 
bumen, and serve to establish the analogy, if not identity, of those modi- 


fications of this animal principle. : 


_ Fibrin is soluble in caustic potassa, even when the solution is very 


dilute; it gelatinizes and then dissolves, and is precipitated, if not too 
dilute, by acids; a little sulphuretted hydrogen is always then evolved, 


which seems to indicate some further change. 

Digested in alcohol, or in ether, fibrin yields fatty matter, which, 
according to Chevreul, is merely abstracted, but Berzelius regards it as a 
new product: it is soluble in alcohol, crystallizable, and reddens litmus. 

The above account of the fibrin of the blood is chiefly abstracted from 


the works of Berzelius (Lehrbuch, iv., and Medico-Chirurgical Trane., 
‘li. 201.) Some of its other characters will be mentioned when speaking 


of muscular fibre. ’ 
The ultimate analysis of fibrin agrees, 'as might be expected, in its 
outline, with that of albumen; there is, indeed, every reason for regard- 
ing them as different species of one organic principle. The atomic views 
which have been given of these animal principles, I do not quote, inas- 
much as their combinations are not sufficiently definite to give their 


equivalents, and as we have no criterion by which to judge of their 
absolute purity, especially as concerns their variable proportion of water. 


The following are the results of the analyses: 


Gay Lussac and Michaélis. 
Thenard. Venous. Arterial. © 
Carbon 53°360 tt 51°374 . . 50°440 
Hydrogen 7021 . 7254 . .. 8228 
Oxygen 19°685 . 23°785 . . 24°065 
Nitrogen 19°934 . 7587 S38 F267 


Fibrin 100°000 100°000  =—-: 100000 
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Cotourtnc Marter of Tne Broop. Hamatosyn. H@MACHROME.—= 

It is extremely doubtful whether the colouring matter of the blood can be - 
effectually separated from other principles, and especially from albumen. — 
By stirring blood during coagulation, a considerable portion is diffused _ 
through the serum, from which it afterwards subsides. Vauquelin — 
advises the digestion of the coagulum, drained of serum, in dilute sul-— 
phuric acid at a temperature of 160°. The liquid, filtered while hot, is to — 
be evaporated to half its bulk, and nearly saturated with ammonia; the 
colouring .matter falls, and is to be washed and dried, (Ann. de Ch, et 
Ph., i.) But in this process the hematosyn has probably undergone — 
some change. : _ 
The chemical properties of the colouring matter of the blood seem to 
show that it is a peculiar animal principle. It is soluble in cold water, 
and the solution, when boiled, deposits a brown sediment of altered — 
colouring matter. Hydrochloric, dilute sulphuric, and several of the 
vegetable acids, and the caustic and carbonated alkalis, readily dissolve it, — 
and form solutions of different tints of red, and of a peculiar greenish hue 
when viewed by transmitted light. Nitrie acid instantly renders these 
solutions brown, and decomposes the red principle. These and other pro-— 
perties (Phil. Trans., 1812), led me to regard the colouring matter of the” 
blood as a distinct proximate principle ‘of animal matter, independent or 
the presence of iron, to which metal its peculiarities were at one time 
referred by Fourcroy and Vauquelin; and the latter verified my com~ 
clusions in the above-quoted memoir. Berzelius, whose labours in 
animal chemistry are at once refined and extended, has arrived at diffe- 
rent conclusions; according to him the crassamentum of the blood 
consists of a 


Colouring matter . : A ‘ 64; ; 4 o 
Fibrinandalbumen .  » se 86. | an 

100) 
The colouring matter, when incinerated, affords a residue con- 
< 


sisting of 
, Oxide of iron : ; 50°0 


Subphosphate of iron ; . ~ 75 : a” 
Phosphate of lime with magnesia . 6:0 _ 
Lime: Labia je Tibee (Gone eee / ea 
Carbonic acidandloss. + + 16°6 7 { 
1000 | 


The iron he regards as contributing to the red colour of the blood, and 
a hint has been thrown out by Dr. Ure as to the possibility of its being 
derived from sulphocyanuret of iron. 

Berzelius examined the solution of the colouring matter obtained by 
washing the coagulum, deprived of its serum, in water. 5 

The strong filtered aqueous solution, thus obtained, is dark brownish- 
red, and becomes brighter by dilution: evaporated at 100°, it leaves a 
dark residue, soluble in water, but a boiling heat changes, and renders 1 
insoluble. Chlorine darkens the concentrated solution, and then gradu- 
ally destroys its colour: alcohol coagulates and renders it insoluble: the 
acids generally decompose it. Acetic acid heightens the colour of the — 
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solution of hematosyn, hut does not precipitate it: on neutralizing the 
acetic acid by potassa, the hematosyn is precipitated. Weak alkaline 
solutions act nearly similarly, Sulphuretted hydrogen renders the solu- 
tion of hematosyn first violet, then green, and the red colour is not 
restored either by alkali or acid. Hematosyn is thrown down of a red 
colour by acetate of lead, sulphate of zine, and corrosive sublimate; and 
_ brown by nitrate of lead, of silver, and of copper, and by chlorides of gold 
and of platinum, 
The experiments of Dr. Stevens and of Mr. P, Squire, have further 
illustrated the peculiar nature of hematosyn. One of its most striking 
characters is the change of tint which it apparently suffers by the action 
of air, and which is well seen in the exposure of venous blood to the 
contact of air, or of oxygen. The colouring matter of the blood is also 
rendered florid and brilliant, even when in its blackest venous state, by 
almost all neutral salts; with sulphate of soda, for instance, or with 
hitrate of potassa, the effect is extremely striking. Acids and alkalis 
generally render the hematosyn black; tartaric, citric, and even carbonic 
acid produce this effect: they exert more or less solvent power over it, 
and their solutions are dingy, and often nearly black, by reflected light, 
but of a peculiar green tint by transmitted light, the intensities of these 
colours depending upon their states of dilution. Acid salts, and basic 
salts, act more or less as free acids or alkalis. In neutrosaline solutions, 
on the other hand, hematosyn is insoluble, and if its dark coloured acid, 
_and alkaline solutions be so mixed as accurately to neutralize each other, 
the hematosyn falls, and acquires a florid tint. To observe the action of 
acids, alkalis, and salts, upon hematosyn, to the utmost advantage, the 
blood should not be suffered to coagulate, but received, whilst flowing, 
into the acid, alkaline, or saline solution. These facts have been applied 
by Dr. Stevens to explain the changes of colour which bloed suffers in 
passing from the venous to the arterial state. (Londdx Medical Gazette, 
April, 1834.) He shows, that venous blood contains: ¢arbonie acid, and 
that it gives it off when drawn from the arm into a vessel filled with 
_ hydrogen, all contact with air or oxygen being carefully avoided, so as 
to preclude the formation of carbonic acid by the union of carbon in the 
blood with the oxygen of the air: that this carbonic acid blackens the 
hzematosyn, and that its red colour is restored by its removal, when the 
saline matters of the blood render it florid: that the change of arterial ta 
venous, or of florid to black blood, occurs in the extreme ramifications of | 
the vessels, or in their capillary anastomoses, for the blood is arterial in 
the extreme arteries, and venous in the extreme veins: Dr. Stevens also 
infers that arterial blood contains atmospheric air, or air more abundant 
in oxygen than that of the atmosphere; and that the removal of the car- 
bonic acid in the lungs is effected by a peculiar attractive power of 
oxygen for earbonic acid, taking place through the membrane of the 
lungs; he concludes, and adduces satisfactory experiments in proof of the 
conclusion, that the change of venous into arterial blood, is not the result 
of the absorption or combination of oxygen, but of the loss or abstraction 
of earbonic acid by or from the black blood; the blackening cause being 
_ thus removed, the saline matter present becomes efficient as the reddening 
cause; for Dr. Stevens has proved that if the salts be abstracted from the 
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colouring matter, it retains its black colour, notwithstanding the loss of 
_ carbonic acid; and that a piece of highly-florid coagulum becomes black — 
when its salts are washed out, and can only again be rendered florid by 
the addition of saline matter. All these facts have, of se impor 
bearings upon the theory of respiration™. : * 

To the statement which I have now given of the nature at properties 
_of the components of the blood, the following curious facts respecting the — 
odour of different kinds of blood have been added by M. Baruel. Whilst 
preparing the colouring matter of blood according to M. Vauquelin’s _ 
process, the clot of ox-blood was heated with a large excess of sulphuric — 
acid of moderate strength, on which occasion a strong odour of beef was 
observed. Some time after, having occasion to operate upon the blood of — 
a man who had taken opium, the fluid was first coagulated by heat, and 
divided, after which it was boiled with weak sulphuric acid: immediately 
so strong an odour “of the sweat of man was evolved, as to infect the 
whole laboratory, and render it necessary for the persons to leave the 
place. This and the former fact combined, induced M. Baruel to extend — 
his experiments on these subjects, and the graies) are the results he” 
obtained. 

i. The blood of each species of anitnel contains a principle néculiagl ton 
each. ii. This principle, which is very volatile, has an odour resembling — 
that of the sweat, or the cutaneous or pulmonary exhalation of the animal 
from which the blood was taken. iii. In the blood, this volatile principle — 
is in a state of combination, its odour being then insensible.» iv. When 
the combination is broken, this principle is volatilized, when it is easy to 
recognise the animal to which it belongs. v. In each species of animal, 
this principle 1 is more decided, or has more intensity of odour in the male 
than in the female; and in men, the colour of the hair accompanies 
certain variations in this principle. vi. This principle is in a soluble 
_ state in the blood, and may. be found, therefore, either in the unaltered 
blood, or hepa the fibrin has been removed, or even in the serosity of © 
blood.’ . Of all the means of separating this PD concentrated 
eee eed has succeeded best. . c 

To obtain these results, it is only necessary to put a few drops of 
blood, or the serum of blood, into a glass, to add concentrated. sulphurie 
acid to the amount of one- third or half as much as of blood, and to stir 
the pe be eed with a tube; the odoriferous principle is inne’ 


the same reason that there is generally 
an increased glow of red when we first — 
mix any of the acids with the warm 


* Dr. Mesa | observes that. there is 
an apparent exception to the blackening 
effect of acids on the blood. “As the 


carbonates are weaker salts than those 
that are formed with fixed acids, and as 
the alkaline carbonates form a conside- 
rable portion of the natural saline mat- 


ter of the blood, it follows that when we 


add an acid solution that is just strong 
enough to convert. this weaker into a 
stronger salt, we then brighten the 
colour. It is for this reason that a salt 
with a slight excess of acid increases 
the arterial appearance. It is also for 


blood; but if we add a very small. pro 
portion more of a fixed acid than is just — 
sufficient to convert the alkaline car- 
bonates into neutral salts, the red colour 
is so irretrievably destroyed by the ex- 
cess of acid, that with the addition of a — 
little water, the whole is converted into ~ 
a fluid which exactly resembles the 
black vomit.” (Odservations on the Blood, 
by WiLitaM STEvENs, M.D.; jones 
1332.) Sr: gph deal ; i 
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rendered evident. By these means, M. Baruel can readily distinguish 
the blood from the following sources. ded tg 

_ i. That of a man disengages a strong odout of the perspiration of man, 
which it is impossible to confound with any other. ii. That of a woman, 
a similar odour, much weaker, and resembling the perspiration of woman. 
iii. That of the ox, a strong odour of beef. iv. That of the horse, a 
strong odour of the perspiration of the horse. yv. That of the sheep, a 
strong odour of wool impregnated with the perspiration of that animal, 
yi. That of the dog, the odour of the transpiration of a dog. vii. That of 
a pig, the disagreeable odour of a piggery. viii. That of a rat, the bad 
odour belonging to the rat. 

The same result has been obtained with the blood of various kinds of 
birds, and even with the blood of a frog, which gave the strong odour of 
marshy reeds, &c., and with that of a carp, which gave a principle smell- 
ing like the mucus which covers the bodies of fresh-water fish. 

Upon trials made to ascertain whether spots of blood could be distin- 
guished, and referred to their source, M. Baruel found, that to a certain 
extent, a pretty sure judgment could be given, even after fifteen days or 
more. The spotted linen is to be cut out, put into a watch-glass, and 
being moistened with a little water, is to be left for a short time at rest. 
When well moistened, a little concentrated sulphuric acid is to be added, 
and stirred about with a tube; then, by respiring near it, the odour may 
be perceived. M. Baruel is not sure that the distinction could be ascer- 
tained after more than fifteen days, and therefore recommends legal 
‘officers to allow of no delay in any experiments, which bear upon cases 
of judicial investigation. 

A question has sometimes arisen as to the possibility of preserving 
blood, with its principal characters either unimpaired or little altered; 
the following facts will, perhaps, illustrate this point. In the month of 
May 1818, blood was drawn from the arm into six phials, each holding 
about two ounces; these were secured by good corks, which were 
cemented over, and put away in a closet where they remained till May 
1833, a period of 15 years. Two of the phials were then opened. The 

‘blood was perfectly liquid without any appearance of coagulum; there 
seemed to have been no extraordinary evolution of gaseous matter, but it 
exhaled a nauseous and slightly-putrid odour, with a trace of sulphuretted 
hydrogen. It was of a dark-purple colour, but became florid-red and 
was coagulated upon the addition of a few drops of solution of corrosive 
‘sublimate; it was blackened and coagulated by acids; alcohol also coagu- 
lated it; and the action of acetic acid and of ferrocyanuret of potassium, 
resembled that upon fresh serum. . The chief apparent change, was loss 
of power of spontaneous coagulation. Heat and electricity coagulated it. 
_- Having enumerated the principal facts which bear upon the chemistry 
of the blood, I shall now subjoin the results of its analysis by Lecanu 
(Ann. de Ch. et Ph., uxvii. 54), to whom we are indebted for much 
curious information and laborious research in this difficult subject. He 
_ considers the venous blood of man, in its normal state, as composed of 
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; Water é ° e e ° . e 790°3707 5 - 
Oxygen . ° . . ‘ : . yi 
Nitrogen « . : . . . ‘ : 
Carbonic acid . ; i : ‘th HS 
Extractive matters. ; : : ; ; 
Phosphorized fat. é ° : ‘ 
Cholesterine ‘ ‘ ° : : . 5: 
Serotine : . ; : . eels 4 re 
Free oleic acid. F y ‘ : . os 
Free margaric acid . : . ‘ : a 
Chloride of sodium ‘ ‘ ‘ é ‘ Gs 
Chloride of potassium  . . ‘ 3 s 
Chloride of ammonium ‘ : : - ) 10980 - oes 
Carbonate of soda . : aT y at : 


Carbonate of lime 

Carbonate of magnesia 

Phosphate of soda é é , ; 

Phosphate of lime .. . ‘ ‘ ‘ 

Phosphate of magnesia 

Sulphate of potassa.  . 

Lactate of soda : : 

Salts of fixed fatty acids . . : , 
Salts of volatile fatty acids .« ‘ ; , é 
Yellow colouring matter . ‘ ‘ ‘ a) a 
Albumen of the serum . ‘ : ‘ -  67°8040 

Globules : <uiates : “hes 130°8453 


v 1000-0000 
He considers the globules as constituted of 
Fibrine . e e s e ° e e e 2 ‘94 80 


Fismatosine + 25. pie ly ag 22700 
albumen oe en ae is le a i ae 


130°8453 


The fluctuations in the composition of healthy blood he represents as 


follows :— 
For the saline x 2. 5 35 
2S iis Spice For the globules. 


For the water. extractive and : 
fatty matters, of the seruntt. 

from 805°263 from 14:000 fque 78: 120 from 148°450 

a to 778°625 to 8:870 to 57°890 ito 115° 850 | 


~Lecanu has also given the following statement of the comparative 
analysis of blood drawn from ten men and ten women, . 


Males. Females: 
Water ee 8D Ree oe OO De. cc ba) COAG : 
Albumen. . eeu, OU. ca. Bo ae 
Balle aid extractive matter >. “10-09 2° 9°95 
Red globules . . 2). . «+6 18249 4 « 11596 


1000°00 1000- 00; 


According to Lecanu the proportion of the red globules may be re- 
garded as a measure of the vital energy, for the action of the serum and 
of the globules upon the nervous system is very different; the former 
scarcely excite it, while the latter do so powerfully: it eeculd also appear — 
that every cause witch tends to diminish the mass of blood tends at the 
same time to a diminution of the relative proportion of the globules; 

hence the effect of bleeding, uterine evacuations, &c. 
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‘In feference to the difference between arterial and venous blood, 
Lécanu concludes that the colour and odour of the former are more 
intensé, that it has more tendency to coagulate, and coiitains more glo» 
bules, less water, and more free oxygen in proportion to its carbonie¢ acid. 

Comparative experiments have been made on the blood of different 
animals by Prevost and Dumas, by Tiedemann and Gmelin, and by other 
physiologists and chemists, for the details of which I must refer to their 
respective works: the general results are, that the globules vary in size 
and form, and that the components differ somewhat in their relative pro- 


portions, rather than in their essential qualities. In all animals the 
relative proportion of the aqueous to the solid part of the blood is liable 


to fluctuation, even in the healthy state, hence the discrepancies in its 


specific gravity; it is probable also that the quantitative if not the quali= 


tative composition of the blood varies in different vessels and different 
parts of the body, hence, perhaps, the slight difference observed in blood 


abstracted by cupping, as compared with that drawn from the arm, and 


hence too, there is a difference in the blood drawn from a vein in the arm 


and that from a vein returning from some large gland, such as the kidney 


or liver. | 

Boop 1n Disease.— We are but imperfectly acquainted with the 
ehanges in the composition of the blood which are the result of disease. 
The morbid changes of the blood resolve themselves into those dependent 
upon excess or deficiency of its usual components, and those in which 
foreign substances are detected in it; but the composition of the blood is 


‘such as to interfere in almost all cases with the nice indications of deli+ 


cate tests, and the quantities of foreign matters which render the blood 
diseased in some cases are so small, as to elude very accurate observation. 
Tn cases in Which the functions of the kidneys are much disturbed, urea 
ig detected in the blood; and where the secretion of the urine is sus- 
pended, it is present in considerable quantity, and the source probably of 
the fatal consequences that ensue from that cause. Prevost and Dumas 
tied the renal vessels, and extracted the kidneys of a dog, and on the 
second day after the operation, they obtained no less than 20 grains of 


urea from 5 ounces of his blood. (Ann. de Ch. et Ph., xxxii. 90.) Urea 


has also been detected by Dr. O’Shaughnessy in the blood of patients 
suffering under Cholera, in which disease the renal functions are usually 
much disturbed. In jaundice, the colouring principles of the bile 


 oceasionally exist in the blood, and are discernible in the serum. It 


} 


not unfrequently happens that the serum of the blood resembles whey, 
or milk and water; and sometimes it resembles cream; but such cases 
are very rare; these appearances depend upon the presence of fatty or 
dleaginous matter, which may be separated by agitation with ether. Drs. 
Traill and Christison procured 1 per cent. of fat from opalescent serum, 
and as much as 5 per cent. from serum which had the appearance of 
milk. (Edinb. Med. and Surg. Jour., April, 1830.) In some nervous 
fevers of a typhoid character, the blood is said, during the increase of the 
disorder, to be more aqueous or thin than in health, and gradually to 
become more dense during its decrease. The state of the blood in Cholera 
has excited a good deal of attention. The peculiar whitish or whey-like 
discharge from the bowels, is said to contain albumen, and the sa'ts of 
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the blood with particles of fibrin; the density of the blood itself is above — 
the natural standard, it is of a remarkably dark colour throughout the 
system, and sometimes viscid, and incapable of coagulation, but at the — 
same time deficient in saline matter. These appearances have been as- 
cribed to various causes. According to Dr. Thomson, the blood in — 
cholera is wholly unsusceptible of the usual influence of the air, and is 
consequently decidedly altered in its nature. Dr. O'Shaughnessy how-_ 
ever found, that it did become florid when agitated with air, and that — 
it emitted carbonic acid gas. Dr. Stevens ascribes the appearances — 
to deficiency in saline matter, and successfully treated such cases, not — 
only by the administration of solutions of common salt and of chlorate of — 
potassa, but by the actual injection of solution of salt into the veins. Dr. 
Turner observes, that the most correct opinion perhaps is, that the blood © 
of persons in cholera, in consequence of deranged arterial action, circu- 
lates sluggishly, and is therefore imperfectly arterialized, and that the 
dark colour may arise from that cause, independent of any diminution of 
saline matter, and may disappear, from an improved circulation, without — 
the administration of salt; although there is no doubt that loss of saline _ 
matter increases the dark tint of the blood, and prevents it from acquiring. 
the arterial colour. The secretion of a large quantity of saline fluid by — 
the intestines in these cases, the decided deficiency of salts in the blood, 
and the relief afforded by restoring saline matter to the system, are, — 
however, strong points in favour of Dr. Stevens's views. The substance 
ejected from the stomach in the last stage of yellow fever, and known 
under the name of black vomit, is blood blackened and coagulated by the 
free acid of the stomach. 

Messrs. Andral and Gavarret in an elaborate paper on the influengl 
of disease on the composition of the blood (Ann. de Ch. et Ph., uxxy. 
225), have arrived, among other interesting conclusions, at the followings 
—1. That in acute inflammations (phlegmatic) the fibrin of the blood is 
in excess, and that there is a disposition to its rapid formation.. 2. That 
in febrile diseases (pyrexie), where any modification of the blood is 
perceptible, the relative proportion of the globules to the fibrin sustains 
an increase. 3. That in certain cachexie and diseases of debility there 
is) a deficiency in the globules. 4, That in cases of albuminous urine 
‘the albumen of the blood sustains an equivalent diminution. 

Detection or Bioop.—It is occasionally important in juridical 
inquiries, to distinguish between stains upon metal and linen arising 
from blood, and those from other sources. Orfila has given some useful 
information upon this subject. 

Blood-stains on Steel. When the blade of a knife is stained by roads 
it is red when the layer is very thin, but brown if thicker: heated to 
about 80°, the blood-spot peels off, leaving the steel tolerably clean; no 
such appearance arises from common rust, but something like it may be 
produced by the juice of fruits; in that case the blood-spot may be 
distinguished from that of vegetable juices, by collecting the portion 
which scales off, and heating it in a bit of glass tube closed at one end; 
it exhales the odour of animal matter and ammonia, and the latter may 
be recognised by its alkaline reaction on test-paper: any of the vegetable 
stains would, under such circumstances, exhale acid fumes; and mere 
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rust would either give out nothing, or at all events, the slightest possible 
trace of ammonia. Where it is practicable, the following process is more 
exact; the stained steel is immersed in water; the hematosyn and some 
albumen gradually dissolve, and Jeave the fibrin on the blade, from which 
it may be removed by the nail; red streaks form in the water, which 
becomes red at bottom: divide this red part into several. portions; to 1 
add chlorine ;.it becomes green, then colourless, and then deposits white 
flakes. To 2 add ammonia, which does not alter the colour, when from 
blood, but if from any ordinary dye-stuff, it becomes purple. Into 3 drop 
nitric acid; it becomes pale-gray. Into 4a drop or two of infusion of 
galls; it does not alter the colour, but occasions a slight cloud. Heat 5 
till. it boils, when it either deposits flakes, or becomes opalescent. Of 
these tests, nitric acid and infusion of galls are the most delicate; should 
rust of iron have mingled itself with the liquid, it may be separated by 
filtration. 

Blood-stains on Linen, &c. Suspend the piece of linen in a little 
water; the fibrin remains upon it, and may be detected by the evolution 
of ammonia, if linen or cotton, on the application of a sufficient degree of 
heat, in a small tube; but the hematosyn and some albumen are dissolved 
or extracted ; test the coloured solution as above directed. Should the 
blood have coagulated upon one piece of linen, and then have gone 
through, so as to discolour another, no fibrin will be found on the latter. 
It is possible that a solution of madder, or some such colouring matter, 
in a serous or albuminous liquid, might lead to deception; but in this 
case the stain upon the linen would not be so easily removed by water, 
and the red solution would become yellow by acids, and violet by alkalis; 
a mixture of serum and the red of madder is rendered yellow, and does 
not remain red, on adding infusion of galls. 


§ I. Minx. 


Tuis fluid, secreted by females of the class mammalia for the nourish- 
ment of their young, is a white, translucent, aqueous emulsion, contain- 
ing oil, curd, a species of sugar, mucus, s salts, and a free acid*, so that 
fresh milk slightly reddens litmus. Cows’ milk has been principally 
examined. When carefully evaporated, it leaves from 10 to 12 per 
‘cent. of residue, but many circumstances interfere with this average, 
The specific gravity of skimmed milk is 1033; that of cream 1°024: they 
consist, according to Berzelius, of 


Skimmed Milk. Cream. 


Water - ‘ . 92875 Butter - 45 
Caseous matter or r curd, with a trace of butter 2800 Curd. . 3°5, 
Sugar of milk A . - 35°00 Whey «9220s 
Hydrochlorate and phosphate of potassa oats 1°95 rea ee 


Lactic acid, acetate of potassa, and a trace of \ 00 100°0 


lactate of iron é : ; . 
Earthy phosphates ‘ : oh a ks . 0°30 


100°00 


taneous changes which milk undergoes 
in becoming sour. 


* This ‘acid is the lactic acid. It is 
abundantly generated during the spon- 


% 


These can, of course, only be regarded as the average quantities, for, 
to say nothing of the different density of the milk of different breeds of 
cows, it varies in the relative proportion of its solid contents at different 
periods after the birth of the young*; and also with the food of the 
animal. Subtracting the curd from the contents of the milk, the residué 
constitutes whey. 
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Cream arises from the gradual separation of the lighter suspended 
matters, and the shallower the vessel the sooner it separates. When 
milk is kept for 5 or 6 days at the temperature of about 33°, it evolves 
nearly the whole of its cream; the residue looks like milk and water. 
By churning, cream is separated into butter and butter-milkt; during this 
process, the temperature of the cream is slightly elevated, a little oxygen 
is absorbed, and acid produced; but this change is not essential to the 
separation of the butter, which takes place when air is excluded. 


Burrer is an oily matter, retaining, in its ordinary state, a little curd 
and whey; it liquifies at 98°; if melted in hot water, washed, strained, 
and then allowed to concrete, its impurities are separated; it is less apt, 
in this state, to grow rancid. 100 parts of alcohol, of °822, dissolve 3°42 
of butter. Butter is easily saponified, requiring for the purpose not more 
than 0:4 of hydrated potassa: it yields 88°5 per cent. of concrete fixed 
acids, in which a little stearic acid, 11°85 glycerine, and three distinct 


_ volatile acids, are included. Butter also includes three distinct species of 


fatty matter; namely, a stearin, an elain, and a third substance, butyrin, 
which produces the volatile acids of its soap. (CHEVREUL.) The rela- 
tive proportions of these fats vary, whence the varying consistency | of 
butter. The stearin of butter may be obtained by expression, or by 
deposition from its hot alcoholic solution; it is white, crystalline, and 
fusible at 112°. 100 parts of boiling alcohol, of 0°822, dissolve only 
1:43 parts of it; when saponified, it yields 0°945 of fat acid, fusible at 
112°, 0:072 glycerine, and traces of volatile acids. ‘The elazn of butter is 
very difficultly separable from butyrin: Chevreul endeavoured to obtain 


‘it by keeping purified butter for a long time at a temperature of about 
“70°; the elain and butyrin gradually liquified, and were poured off from 


the stearin in the form of an oil, specific gravity =0°922 at 66°. 100 
parts of boiling alcohol, of 0-822, dissolved 6 parts. Digested for twenty- 
four hours with anhydrous aleshul at 66°, it yielded a solution, which, © 
when poured off from the residue, and distilled in a water- bath, left a 
sour oil, smelling of butter, and consisting of butyrin with a little elain; 


the acid was abstracted by washing with a little magnesia and water, 


when the butyrin remains as an oil which congeals at about 32°. It 


. dissolves in all proportions of boiling alcohol, with this peculiarity, that 


the solution of 2 butyrin in 10 alcohol becomes turbid as it cools, whilst 


** ‘When the glands begin to secrete | butter, and coagulates, when heated, like 
milk, it is at first very different from j a serous secretion ;’ it gradually acquires 
what it becomes afterwards, and has been | the characters of perfect milk: it easily 
termed colostrum; it is then more saline | putrefies, without becoming sour. 
than perfect milk, and, in the cow, 
yellow, thick, and sometimes streaked | + According to Cheyreul, butter-milk 
with bleod; it only econtaiis traces of | contains butyric acid, 


ie 


BUTYRIC ACID. 1355 


10 of butyrin in 12 alcohol remains clear. The alcoholic solution gradu- 
ally becomes sour. Butyrin is easily saponifiable; its fat acids begin to 
congeal at 90°, but are not perfectly concrete till cooled to 62°. 

When butyrin, freed from its associated stearin and elain, is saponified, 
it yields three distinct acids, termed, by Chevreul (Recherches sur les 
Corps Gras), butyric, caproic, and capric acid. 


1. Buryric Aciw.—To obtain this acid, 5 parts of butyrin are sapo- 
nified by 2 of hydrate of potassa; the resulting soap is dissolved in a 
large proportion of water, and decomposed by an excess of tartaric or of 
phosphoric acid; the liquid portion is then separated by filtration from 
the precipitated stearic and oleic acids, and subjected to distillation, 
When the three above-named acids, being volatile, pass over with the 
water. The distilled product is saturated by baryta, and gently evapo- 
rated to dr yness. The residue consists of butyrate, caproate, and caprate 


of baryta; it is to be decomposed by concentrated phosphoric acid, which 


separates the three fat acids in the form of an oily liquid, and the portion 
which remains with the barytie salt may be abstracted by ether, and 
obtained either by distilling off the ether at 102°, or by its spontaneous 
evaporation. The oily mixture of the three acids is then agitated with 
its weight of water, which dissolves the butyric acid. The oily residue 
is then repeatedly washed with water, by which the caproic acid is 
dissolved, and the capric acid remains. The three acids being thus 
separated, should each be saturated by baryta, and the resulting salts 
crystallized. 100 parts of the butyrate of baryta are then decomposed 
by 63°36 parts of sulphuric acid diluted with its weight of water; the 
butyric acid, which separates, is then decanted off and distilled by gentle 
heat; it is then mixed with its weight of powdered chloride of calcium, 
and, after some days, again distilled by a gentle heat. The butyrate of 
baryta may also be decomposed by the addition of 1°32 parts of phosphoric 
acid, specific gravity 1:12: the acid is then separated by decantation, 


and by agitation with ether. 


Butyric acid is a limpid, colourless, inflammable liquid, resembling a 
volatile oil; it does not congeal at 15°; it boils at a temperature some- 
what above 212°, and volatilizes without decomposition. Its specific 
gravity is 0°9675 at 77°. It has a sour smell resembling that of rancid 
butter, and a pungent and slightly sweet taste; it leaves a white spot 
upon the tongue, and a greasy stain on paper, which gradually evaporates. 
It mixes in all proportions with water, but the presence of other acids 
diminishes its solubility. The density of a mixture of 2 parts of butyric 
acid and 1 of water is==1:00287. Butyric acid apparently dissolves 
without decomposition in sulphuric and nitricacid. In combination with 
bases, it forms butyrates, which, when dry, are inodorous, but when moist 
smell strongly of butter. When decomposed by heat, they yield carbu- 
retted hydrogen and carbonic acid, and an aromatic oil which | is not acid ; 
the residue is carbonaceous. The "eutyal butyrates are soluble, but many 
of them lose a part of their acid during evaporation. Butyric acid is 
composed of 
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Chevreul. 
Carbon weeieain. ba seus + 48 2 « 62:34. . “62"82 
Tiydragpaqe., Ve Ss. ON 6) es hos ee eo oe te oe ee 
Oxygen . ie 3 24.00) 2 SET Lt A S07 


Anhydrous butyric acid 1 77 100°00 100°00 


In its ordinary state, the acid consists of 1 atom of anhydrous acid 
+ ] atom of water, which it throws off when it combines with oxide of 
lead; hence we have the formule 


(8 CAr +5 h+30) or but/ = anhydrous butyric acid. 
(scar+6h+40) or (but/ +) = hydrated butyric acid. 


ButTyRATE oF AMMONIA. (A + but’.)—Butyric acid, by absorbing 
ammoniacal gas, first forms a crystallizable compound, which, by further 
absorption, produces a liquid, and this afterwards concretes into a mass 
of acicular crystals. 


ButyraTE oF Potassa (P+ but /) has a sweetish buttery taste, and 
is deliquescent and imperfectly crystallizable; 100 parts of water, at 60°, 
dissolve 125 of this salt, and the solution combines with a large additional 
proportion of acid. 


Butyrate oF Sopa (S+ but/) is less deliquescent than the potassa 
salt; in other respects its properties are similar. 


Buryrate or Line (C+ but’) forms acicular crystals, of which 17 
parts are soluble in 100 of water. This salt is less soluble in hot than in 
cold water, so that the cold solution concretes when heated; this effect is 
well observed in a tube, in which the hot and solid hydrated salt liquifies 
when plunged into cold water. 


BuryRATE or Baryta. (B+ but/.)\—This salt crystallizes in flat 
prisms, of a greasy lustre, and a buttery and alkaline taste; it restores 
the blue of reddened litmus. 100 parts of water at 50° dissolve 36 of 


«this salt; it is a little soluble in anhydrous alcohol, and unchangeable in 


‘the air; in vacuo it loses 2°25 per cent, of water without becoming 
opaque. | 

BUTYRATE OF STRONTIA (Srr+ but/) resembles the salt of baryta, 
but is less soluble. ya 


_ Butyrate or Leap (Pu+ but’) forms small silky crystals; it easily ; 
loses acid during evaporation, and forms a tribasic salt. 


ButyraTE oF Correr (Cu+ but /) forms transparent eight-sided 
prisms. Its solution at 212° deposits a blue powder, which soon becomes 
brown. | ) 


7 


2. Caproic Acip is obtained by the decomposition of 100 parts of 
caproate of baryta hy 29°63 of sulphuric acid, diluted with its weight of 
water; it is digested with chloride of calcium, and distilled. It is a very 
inflammable limpid oi], of an acrid acid flavour, leaving an impression of 
sweetness, and smelling like sour perspiration. Its specific gravity is 
0°622 at 78°; it does not congeal at 15° It boils above 212°, and ~ 


CAPRIC ACID. 1357 


evaporates gradually in the air. Water at 42° scarcely dissolves 1:04 
per cent. Anhydrous alcohol dissolves it in all proportions. 


Caproic acid, in anhydrous combination, consists of 
. Chevreul. 
Carbon o e e e ° ° 12 ° e  P =. @ e 68°57 e ° 68°33 
Hydrogent ¢ 24594) Sordbvr\ 9) te OE Outi, 0) BIB PE APL 9-00 
Oxygen . . vo tak 24s he) SRG vy 22°67 


——_____ 


105 100°00 100-00 


3 
Anhydrous caproic acid i 


The liquid acid consists ’of 1 atom of anhydrous acid +1 atom of 
water (105 +9=114), so that we have the formule 


(12car-+9 h +30) or C&pro/=anhydrous caproic acid. 
(2Car + 10 +40) or (capro! + q)=hydrated caproic acid. 


CaproaTes.—These salts smell and taste like the acid; they exhale 
an aromatic odour when decomposed by heat. Their solubility is inter- 
mediate between that of the butyrates and caprates. Caproate of 
potassa forms a very soluble gelatinous compound, which becomes 
opaque when heated. Caproate of lime crystallizes in quadrilateral 
plates, soluble in twice their weight of water. Caproate of baryta, when 
crystallized at 65°, forms hexangular tables; at 85° its crystals are 
acicular. 100 parts of water at 50° dissolve 8 of this salt. _It is fusible 
at a moderate heat. . 


3. Capric Acip.—100 parts of the caprate of baryta are decomposed 
by 47°5 of sulphuric acid, diluted with its weight of water; or by 83°6 
of vitrified phosphoric acid dissolved in 240 parts of water. The capric 
acid is distilled after having been digested upon chloride of calcium. 

Capric acid forms small acicular crystals, which fuse at about 65°, at 
which temperature its specific gravity is 0°910. It may be distilled, 
without decomposition, at a little above 212°. Water at 65° dissolves 
scarcely a thousandth of its weight of capric acid, but alcohol dissolves it 
in all proportions. Its odour partakes of that of the goat. 


Capric acid consists of 
Chevreul. 
CREDO a en ede 2s LOS) 0 < Cpl FAs Opee Pace 7400 
BPVOrQreie ete oe ar le she. EAS SM Ore eee Oca 
ORV EC, yee oe i Oy Te kta She ot. eh Abas nibs 


— —_—_— on 


Anhydrous capricacid 1 146 100-0 100°00 


_ The crystallized acid includes 1 atom of water (146 49= 155), hence 
the formulz 


(18 Car +14 h +30) or Cap! = anhydrous capric acid. 
(18 CAL +15 h +40) or Cap’ + Y=hydrated capric acid. 


Caprates.—The humid caprates have the odour and taste of the 
acid ; exposed to heat, they exhale an aromatic and goaty odour. 


Caprate oF Baryra requires for its solution 200 parts of water at 
67°; it is fusible, and of a bitter alkaline taste. ! 

~ It will be remarked that each of the three acids of saponified butyrin 

include 3 atoms of oxygen in their equivalents, so that in the neutral 
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butyrates, caproates, and caprates, the oxygen in the base is to that in 
the acid as 1 to 3. ' O58 Sed 


Corp or Mitx. Cassum. BacratpuMen.— This, which is the 
coagulable or albuminoid principle of milk, may be separated by adding 
dilute sulphuric acid to skimmed milk, which forms a white coagulum, 
or sulphate of caseum; this is washed to deprive it of whey, and mixed 
and digested with carbonate of lime or baryta; the acid is thus abstracted 
by the earthy base, and the free caseum dissolves in the water, so that it 
may be separated by filtration; this solution is yellowish, and somewhat 
viscid; during evaporation it smells like boiled milk, and becomes 
covered with similar films, which may be successively removed; when 
dry, the caseum is yellow, and soluble in water, and the solution is 
coagulated by acids, especially when warm; and when left to itself, it 
putrifies and smells like old cheese*. The transparent desiccated caseum 
becomes opaque in alcohol, in which it is sparingly soluble. (FRoMBERZ 
and GucErt, Schweigger’s Jour., u. 72.) 

Caseum closely resembles albumen in regard to the action of the acids; 
the principal difference being, that it is precipitated by acetic acid; the 
precipitate is redissolved by excess of acid, but less easily than albumen 
or fibrin. The acid solutions of caseum are precipitated by ferroeyanuret 
of potassium. The alcoholic solutions of caseum are not precipitated by 
acids; and its acid compounds, which are insoluble in water, are soluble 
in alcohol. Caseum combines with the alkalis and alkaline earths, and 
its aqueous solution is precipitated by all those salts which throw down 
albumen, and also by tannin. 

Caseum, like albumen, exists in the liquid and coagulated form; but 
its coagulation is not effected by boiling, but.by the action of rennet, 
which is the inner coat of the calf’s stomach after it has been washed in 
hot water. How this operates is unknown; but a similar coagulating 
power resides in the stomachs of most, if not all, animals, Berzelius put 
1 part/of the inner membrane of the calf’s stomach, after having been 
well washed, into 1800 of skimmed milk, gradually heated up to 122°, and ~ 
kept at that temperature till fully coagulated; he then took it out, washed, — 
and dried it; it had only 6 per cent. in weight. 


CHEESE is a mixture of coagulated caseum with more or less butter; 
its various qualities depend upon a variety of causes, partly connected 
with the properties of the milk employed, partly upon occasional additions 
to it, and peculiarities of manipulation; there are, however, two leading 
_ yarieties dependent upon the absence and presence of butter; the former 
is a poor and comparatively hard and tasteless cheese, little prone to 
change, and when heated shrivels up like horn; the latter is rich, fusible, 
and when toasted, becomes soft and viscid, entering into a state of greasy 
semifusion. English cheese is frequently coloured by annotta, and often 
contains a preposterous quantity of salt, added partly to preserve it, and 
partly to increase its weight, The flavour and texture of cheese alters 


* Braconnot conceives that dried ca- | it might form a good substitute for milk 
seum may be used as an article of food ; | in long voyages. 
and that with water, butter, and sugar, : 
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considerably by age; and if originally moist, it gradually passes into a 
peculiar state of putrefaction, the products of which have been examined 
by Braconnot (Aun. de Ch. et Ph., xxxv. 161.) He found that curd 
covered with water, and kept at a temperature of about 75°, underwent 
complete putrefaction in about a month, The liquid was then filtered off, 
smelt putrid, and when evaporated to the thickness of honey, concreted 
into a granular mass, part of which was soluble in alcohol; the insoluble 
residue is what Proust (Ann. de Ch. et Ph., x. 40,) termed caseous oxide; 
and the soluble portion, caseate of ammonia, Braconnot dissolved the 
caseous oxide in water, filtered through animal charcoal, and then obtained 
a colourless solution, which, by spontaneous evaporation, yielded a 
crystallized product: to this he gives the name of aposepedin (from amo, 

~ and onredav, product of putrefaction), 

Aposepedin is a friable crystalline substance, inodorous, slightly 
bitter, heavier than water, burns without residue, and when heated in 
a tube open at both ends, it rises in vapour, which deposits itself as a 
crystalline sublimate. Heated in a retort, this volatilization does not 
ensue, but it is decomposed, yielding concrete oil, and a liquid containing 
carbonate and hydrosulphuret of ammonia, It is very sparingly soluble 
in alcohol, and deposited from its boiling solution as it cools in the form of 
a light powder like magnesia; nitric acid decomposes it; hydrochloric acid 
dissolves it, and the evaporated solution concretes on cooling. Its aqueous 
solution yields a flocculent precipitate with infusion of galls, soluble in 
excess of the precipitant; subacetate of lead also throws down a white 
precipitate. 

The supposed solution of caseate of ammonia, above-mentioned, con- 
tains, according to Braconnot, aposepedin, acetic acid, animal extractive, 
a resinous substance, several salts, and a peculiar ot/, which is extremely 
pungent, and identical with that which is generated in old cheese, and 
gives to it its acrimony. Oleic and margaric acids, margarate of lime, . 
and the acids of butyrin, are contained in the insoluble residue remaining 
upon the filter. The composition of aposepedin has not been ascertained ; 
it probably contains a large proportion of nitrogen, and from its blackening 
effect upon silver, and the products of its destructive distillation, sulphur 
seems to be one of its elements. : 

The equivalent of caseum or lactalbumen cannot he determined, so 
that its atomic constitution must he hypothetical; it ig given as follows 
by Gmelin, in reference to Gay Lussac’s analysis: — 


Gay Lussac 

and Thenard, 
Carbon 7 ° 42. + 60°87 ste BO ‘781 
Hydrogen 5 ,.-. 5 «. « 725. 4 , 7°429 
Oxygen Per ee ee, Aw EGGS eee 
Nitrogen 1. . 14. . 2029 . . 21881 
Caseum 1 69 100:00 100°000 


The carbonaceous residue of caseum affords, when incinerated, about 6 
per cent. of phosphate of lime, an ingredient in milk, which, as Berzelius 
remarks, forms an important feature in respect to the nourishment of 
young animals, who require it for the formation of bone. 


* Waey. Sucaror Mitx, Lacrinu.—When the butter and curd of 
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milk are abstracted, there remains a pale yellowish opalescent fluid, termed 
whey, which, when evaporated, deposits a crystallized substance called 
sugar of milk, or lactine. “Sometimes whey is evaporated to dryness, and — 
the residue used as an article of food; in Switzerland, sugar of milk isan _ 
article of commerce; it forms crystallized cakes or masses of a prismatic _ 
and lamellar fracture; it is slightly sweet and gritty: its specific gravity q 
— 1-543. It contains 12 per cent. of water, which may be evaporated by 
careful fusion, after which it concretes into an opaque white mass. Its 
water is also expelled by fusion with oxide of lead. It is slowly soluble, 
without forming a syrup, in 3 parts of hot and 6 of cold water, very _ 
sparingly soluble in alcohol, and insoluble in ether. It is not susceptible — 
of vinous fermentation. It is convertible, like starch, into granular sugar, 
by boiling with a very dilute sulphuric acid. Nitric acid converts it into 
malic, oxalic, and mucic or saclactic acid (p.1071). Caustic potass and lime 
convert it into a brown bitter substance. When digested with oxide of 
lead and water, sugar of milk forms a soluble and an insoluble compound; 
the insoluble and anhydrous combination consists of 63°5 oxide +36°5 
sugar of milk; in this compound, the oxygen, according to Berzelius, in 
the oxide, is to that in the sugar, as 1 to 4, whence the following estimate 
of the equivalent and atomic composition of this organic product: — 
Berzelius. 


Garbon “Ye ose oe Pee TOT SD. Sa et ae 

Hydrogen® A oostet- tid Fo odie Ge 3s eee 

Oxygen. . 4 » 32... 4849 . . 48348 
1 


Anhydrous sugar of milk 66 100°00 100:000 | 


The crystallized sugar of milk consists of 


Berzelius. 
Anhydrous sugar of milk 1 66 75h) “88 "say Gor 
OVALOr cM a Me rete ee. Sak DB 12° {306 212°333 
erat ‘Crystallized sugar of milk 1 75 100 100°000 
Or, 
Gay Lussac 
Berzelius. and Thenard. Prout: 
Carbon .°.°.°.'5 30 . 40°00 . 39474 . 38825 . 40°00 
Hydrogen 5 6 667 oy FAG. «es ETSAL Qe oC CT 
Oxygen . 5 40 . 53°33 . 53°359 . 53°834 . 53°33 
Crystallized sugary; = 75 400-00 ~—-100°000~—«:100000 10000 
of milk 


 Liebig (quoting Berzelius) give the following formule of sugar of milk, 
its hydrates, and combinations with oxide of lead. 
Sugar of milk, crystallized . . . - (% car +9h-+19 0)+5 (h+ 0) 
Ditto, dried at 248°. =. ww... (Car +9h+4+190)+3(h40) 
Ditto, dried at 300°, or anhydrous . . (*Car +19 +19 0) e* 
Ditto, basic compound with oxide of lead (24Ca7r +19 h+i9 0)+1 (pl +0) 
Ditto, neutral ditto. . . . . . + (# car +19h +190) +5 (pl+o) . 
Human Mitx.—The statements respecting the composition of human 


milk are much at variance, arising probably in part from the difficulty of 
obtaining it in sufficient quantity for analysis, and partly from its muta- 


_ analyses:— 
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bility in regard to the relative proportions of its component parts. L. 
Gmelin and Berzelius have each given the details of the experiments 
which have been made upon it. Its specific gravity appears to vary between 
_ 1-020 and 1-025, or a little higher: its solid contents, according to Meg- 
genhofen, vary between 11 and 12°5 per cent., and its albumen or caseum 
is said to furnish soluble combinations with acids, so that it is not coa-’ 
gulated by them. Of fifteen samples, only three were coagulated by — 
acetic and hydrochloric acids; but they were all coagulated by rennet: 
this is an important fact, as establishing the distinct action of rennet from 
that of acids. The following are the results of three of Meggenhofen’s 


/ I, i III. 
Butter, acids, and salts. '.° 913 . . 881 . e L712 
Sugar of milk and salts. 1:14. . 1-29. 88 
Curd coagulated by rennet | 241°... 1:47 5. OBB 
: WRIOD Gillet. thee’, SH2G« Sek 8E35-0 5" 78-9S 


__ The extraordinary proportion of butyraceous matter in ITI., shows 
the uncertainty of composition in this secretion: indeed, in all the above 
cases the quantity of butter appears to have been excessive, for Payen’s 
results, which in regard to the total amount of solid matter agree with 
Meggenhofen’s, do not give an average of more than 5:2 per cent. of that 
ingredient. . | . 


Assrs’ Mink has a specific gravity = 1-023 to 1-0355; it yields a 
light white butter, which soon grows rancid: the curd is more difficultly 
separable than from cows’ milk, but the whey is clearer, and contains 
more sugar of milk. It contains 2°9 cream, 2:3 cascum, 4°5 sugar of 
milk (per cent.): and, according to Van Stiptrian Luiscius and Bondt, it 
is susceptible of vinous fermentation. 


Marss’ Mixx has a specific gravity = 1-034 to 1-045; it yields little 
cream, but a large proportion of sugar of milk; a vinous liquor is obtained 


_ by the fermentation of its whey, known in Tartary under the name of 


koumiss. 


Goats’ Mink is of a specific gravity = 1-036; its goaty odour is 
stronger from dark than from white goats; it yields much cream and 
butter, and this, besides the usual acids, yields a peculiar one, called by 
Chevreul hircic acid, which gives it its characteristic odour: its caseum 
is also abundant, and the whey easily pressed out of it. It contains in 
the 100 parts, 4-08 butter, 4-52 caseum, 5°86 residue of the whey, 85°50 
water (Payrn), 7°5 cream, 4°56 butter, 9°12 caseum, 4°38 sugar of milk. 
(8. Luisctus and Bonpr.) Betas os | 
Suzer’s Mixx, of the specific gravity of 1-035, to 1-041, yields much 
cream, the butter of ‘which is. semifluid, and easily becomes rancid: the 
butter is difficultly separable from the curd, ‘so that the cheese which it 
‘yields is rich and greasy. It-affords'11°5 cream, 5:8 butter, 15:3 caseum, 
42 milk-sugar per cent. ia 


— It has not been ascertained. how far ‘all milk is susceptible, under 
favourable - circumstances, of vinous fermentation, nor whether any 
“common sugar is present in the milk which ‘undergoes that change; milk- 
J | 4U 


ras 


1362 : LACTIC ACID. 


* 


‘sugar and water with a ferment will not produce a ‘vinous liquor: — 
Scheele found that the addition of an ounce of brandy to a quart of milk 
caused it to undergo acetous fermentation, and that in a month it yielded : 
good vinegar when poured off the curd, and contained no lactic acid. — 
According to Liebig, when milk is exposed to a temperature between 95° } 
and 104°, carbonic acid is given off, and alcohol formed, probably in con- 
sequence of the conversion of the lactine into grape sugar. : a | 

At temperatures above 55°, milk absorbs oxygen, and becomes sour; 
between 68° and 75°, this takes place in a few hours, and the milk then 
curdles when boiled; but Gay Lussac found that fresh milk heated every 
other day, or in summer every day, up to 212°, might be kept for months — 
without spoiling. Milk, which has become sourish, may be recovered by ~ 
heating it with a little carbonate of potassa or soda, sufficient to neutralize - 
its acid. When milk grows. sour, the lactic acid which is produced 
combjnes with the curd, and the combination may be decomposed (as — 
stated in regard to the sulphate of caseum) by alkalis, or alkaline earths, 

The influence of food upon the milk is well known by the varieties — 
of taste, colour, and odour, which are so produced. From some of the ; 
Euphorbie, and from the Gratiola officinalis, it is said to acquire a laxa- 
tive power. Madder, saffron, the flowers of Ranunculi, and many othe 
colouring matters communicate to it their tints. The volatile oils of the — 

- didynamie affect its cdour. Various medicines apparently affect the — 

properties of the milk, as indicated by its effects upon the infant; and 

the influence of affections of the mind upon the secretion are often very — 
obvious; these subjects, however, have as yet engaged but little of the | 
~ attention of the chemist. +7 


fi 
Lactic Actp.—This acid, as its name imports, was originally discovered — 
in sour milk (ScuEELE, Opusc., ii. 101); it was then recognised by Ber- _ 
zelius, in many animal fluids, and afterwards by Braconnot, as a product, — 
along with acetic acid, of the sour fermentation of rice-meal, wheat-paste, — 
the juice of the beet-root, and other vegetable substances; he gave it the 
name of Nanceic acid (from Nancy, the place of his residence). It has 
also been termed Zumic acid (from Cupn, leaven). It was supposed to” 
be a compound of acetic acid with organic matter, but the error of that 
conclusion has been proved by Pelouze and Jules Gay Lussac, (Ann. de 
Ch., tii. 410.) It has been found by Coriol combined with lime and 
magnesia, in the fermented infusion of nua vomica. (Jour. de Phar 
xix. 155, 373.) | a 
Lactic acid may be obtained as follows:—Expose the expressed juice | 
of beet-root to a temperature between 75° and 85°; in some days fermen- 
tation comes on, and continues for about two months; when this has 
ceased, the juice is evaporated to the consistency of syrup, during which | 
crystals of mannite separate: it is then treated by alcohol, which takes up 
lactic acid, and which may be to a certain extent purified by evaporation — 
and solution of the residue in. water; a portion of insoluble impurity» 
remains: this aqueous solution of the impure lactic acid is then saturated 
by carbonate of zinc; the soluble lactate of zine is separated by filtration, 
and crystallized; it is then redissolved in water, boiled with animal , 
charcoal, and filtered whilst hot; on cooling, the lactate of zine separates 
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in white crystals, which are washed with alcohol, decomposed by baryta, 
and the lactate of baryta, which is soluble, is decomposed by sulphuric 
acid. By a similar process lactic acid may be obtained from thoroughly 
sour milk. ‘The aqueous solution of the acid may be concentrated in 
yacuo, and finally rendered quite pure, by solution in ether, which leaves 
a little flocculent matter. 

Lactic acid is colourless, inodorous, very sour, of a syrupy consistence, 
and its specific gravity is 1°215; it attracts moisture from the air, and | 
dissolves in all proportions in water and alcohol, and in smaller quantity 
in ether. It easily coagulates milk, and has a considerable solvent power 
over phosphate of lime, which induces Berzelius to regard it as the solvent 
of that salt in many animal fluids. Added to a strong solution of acetate 
of magnesia, it forms a granular precipitate of lactate of magnesia, and the 
odour of acetic acid is exhaled. | 

When lactic acid is cautiously heated, it first becomes more liquid, it 
then yields inflammable gases, acetic acid, and a white sublimate, which 
is crystallized lactic acid, and charcoal remains. These crystals, dried by 

_ pressure in bibulous paper and dissolved in alcohol, yield perfectly white 
rhomboidal tables, fusible at 225°, and volatile at 472°; this vapour again 
condenses in crystals; which, when dissolved in water, yield an acid 
exactly resembling the original: according to J. Gay Lussac and Pelouze, 
the crystallized acid is anhydrous, and consists of 
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Anhydrous lactic acid 


The lactic acid, as it exists in the neutral lactates in their driest state, 
and exclusive of water of crystallization, carries with it 1 atom of water, 
or of the elements of water, and is therefore, in them, represented by 
72+. 9 or 81; its formula being (6 car +sh+s 0). 

The syrupy acid includes 2 atoms of water, so that in combining with 
bases it throws off 1 atom, and retains 1, whilst the crystallized acid, in 

similar cases, resumes an atom of water. No anhydrous lactate therefore 
has been obtained. 


CHARACTERS oF THE Lactates. — All these salts are soluble, and 
many of them are uncrystallizable. The laclates of potassa and of soda 
are deliquescent and soluble in alcohol; they yield crystalline masses by 
evaporation in vacuo. Lactate of ammonia is deliquescent and uncrystal~ 
lizable. Lactates of baryta, and of lime yield gum-like masses; those of 
alumina, of peroxide of iron, and of copper, are uncrystallizable; lactate 

of magnesia is crystallizable, and lactate ef zinc yields four-sided prisms, 
sparingly soluble in water and insoluble in alcohol; they contain 4 atoms 
of water. Lactate of silver forms white acicular crystals. 
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§ III. Binz. ByriAry Concrerions. 


Tus important secretion has been laboriously examined by several — 
modern chemists of eminence, among whom we may especially enumerate 
Thenard (Mémoires d’Arcueil, i.), Berzelius (Lehrbuch der Thier., and — 


Med. Chir. Trans., iii.), Tiedemann and Gmelin (Uber die Verdauung, 
Hssay on Pigesuiduy, and Frommherz and Gugert. (Schweigg gers Journal, 


vy. 1.) Their results, however, are so mae at variance, that it is im- ~ 


possible to draw any general conclusions from them respecting the real 
nature and chemical components of the bile; these discrepancies seem 
partly to arise from the extreme facility with which chemical agents 


react upon this secretion, so that many of the supposed educts or com- 
ponent parts, which have been enumerated, are probably products of the — 


different operations to which it has been submitted, or at all events, 


modifications of its true proximate elements: it has been therefore well % 


observed by Berzelius, that our present chemical knowledge of the nature 
of bile can only be considered as a foundation for the more extended and 


satisfactory researches of future experimentalists. I shall here endeavour ‘ 


to select some of the least disputable and most important facts respecting 


the chemical properties of the bile, remarking at the outset, that the — 


indications of reagents upon different «specimens of bile are apt to vary, 


and that their action is often much modified by temperature, quantity, 


and the mode in which they are used. _ 
There always appears to be, mixed with bile a variable proportion of 


“mucus, probably derived from the gall-bladder and its ducts, and not, 


therefore, a true component of the secretion: this gives the bile ine 
viscidity, and often seems in some way to modify its other characters: in 
general, however (o2-gall), it is a green liquid, varying much in tint, of 
a peculiar odour, a bitter and nauseous taste, and a specific gravity flue- 


tuating eee 1-020 and 1-030. It does not coagulate when heated, 


Her prea “t5 gatme 


and although it may possibly contain albumen, or something very like it, — 


it is not immediately coagulated by alcohol or by dilutes acids. The 
relative proportion of solid matter obtained by evaporation is between 
8 and 10 per cent. By means of acetic acid, the mucus which is mixed 
with the bile may toa great extent be separated. In the mammalia, 
generally, the bile exhibits nearly the same characters; and in birds and - 


fishes its components seem to be the same, but rather more dilute in the) a 


former, and more concentrated in the latter; it is always alkaline, from 
the presence of soda, apparently in the same state of combination as it 
exists in the serum of the blood. When bile is evaporated very carefully 


to about half its bulk, and alcohol added, (in the proportion of about 4 | 


parts to 1 of the evaporated bile,) a coagulated matter is thrown down, 


which has some of the properties of albumen; yet neither solution of — 


corrosive sublimate, nor of ferrocyanuret of potassium, which are such — 


delicate tests of that proximate animal principle in other cases, enables 4 


us to detect it in the original bile. Chlorine first renders bile green, and ~ 


then opaque and milky. Acetate of lead gives no precipitate, but sub- 
acetate of lead throws down a copious curdy substance. When alcohol 
is added to bile which has been evaporated nearly to dryness, it acquires, 
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_ when filtered off, a brownish- -green colour and bitter taste: when evapo- 
rated, it leaves a residue which is almost totally soluble in water; and in 
this aqueous solution, dilute sulphuric’ acid slowly throws down a gray 
substance, which appears to be a compound of the acid and: the bitter 
principle of the bile; when it has been washed with water (in which it is 
not soluble), it dissolves in alcohol, and if the sulphuric acid be then 
separated from it by carbonate of baryta and filtration, the filtered solu- 
tion leaves on evaporation a green, transparent, hives residue, which- 
appears to be the characteristic principle of the bile, and which Berzelius 
calls Gallenstoff. As thus obtained, it is not quite free from foreign 
matters, and ether digested upon it takes upa little fatty matter: seer 
when bile, concentrated by evaporation, is agitated with ether, and the 
latter, after having separated upon the surface, is poured off Pel evapo- 
rated, it always leaves traces of a fatty substance, probably identical with 

cholesterine. The purified bitter residue, to which we have just adverted, 
is apparently the picromel of Thenard; it has a bitter, pungent, and 
sweetish taste, is inflammable, deliquescent, soluble in water and alcohol, 

_ but insoluble in ether; its solution is precipitated by many acids, (not by 
‘acetic or phosphoric,) and the precipitate is nearly insoluble in water, of 
a greenish colour, resinous appearance, and fusible at 212°. This preci- 
pitate (consisting of picromel combined with the acid used to throw it 
down) dissolves in alcohol, and is again thrown down by water: it dis- 
solves in solution of acetate of potassa, the alkali of which combines with 
the acid of the precipitate, whilst the acetic acid unites to the picromel 

_ to form a soluble acetate. Picromel dissolves i in w eak alkaline solutions 
apparently without decomposition. 

It will be seen from many of the above characters, that picromel (by 
which I mean Berzelius’s Gallen stoff) may have oan mistaken for 
albumen, and that it is not improbable that the only true albuminous 

part of the bile may be in that equivocal state which is often called 
mucus, and which is especially distinguished by being precipitable by 
acetic acid. Berzelius has suggested an analogy between picromel and 
the peculiar saccharine matter which is contained in liquorice-root; and 
in many respects their chemical properties are identical. 

In the preceding statement, drawn principally from Berzelius, I have 
endeavoured to give the simplest view of the analysis of the bile; namely, 
the separation of its muco-albumen by acetic acid or alcohol, and of its 
_ picromel, by precipitation with acids and subsequent decomposition of the 
precipitate by carbonated baryta or alkali; its saline contents appear 

closely to resemble those of the serum of the blood; like which it has 
an alkaline reaction, due to soda. I have also celectad such experi- 
ments, as, with me, have invariably succeeded: the following results, 
B therefore, ‘of the analysis of the bile, as given by Berzelius, will now be 
“intelligible: — 


Water . tcc. ae é - 90°44 
rs Picromel (Galenstort 5 including fats : : ‘ é 8°00 
2 Mucus of the gall-bladder ; : ’ é . 0°39 
.* Extractive, common salt, and lactate of soda : ‘ é 0°74 
ei Soda; ‘ _ O41 
- Phosphate of soda aad lime, ad tra aces of a substance éheolable 


in alcohol ‘ . 4 . . r . , O11 
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The details of the other analyses of the bile, as given by the authori- — 
ties to which I have referred above, would be unintelligible if abridged, — 
and are too voluminous. to be inserted here; and moreover, I have | 
generally failed in arriving at satisfactory conclusions, in my endeavours — 
at a repetition of the various analytical operations which are described; 
I must therefore rest satisfied with giving, in a condensed form, a general ~ 
statement of their results. According to Thenard, human bile contains, 
water 90°90; yellow bitter resin 3°73; yellow matter generally diffused 
through the bile (mucous and colouring-matter?) 0°18 to 0°90; albumen — 
3°82; soda, by which the resin is dissolved, 0:51; phosphate, sulphate, and — 
chloride of sodium, phosphate of lime, and oxide of iron, 0-41. Tiede- — 
mann and Gmelin give the following as the components of human bile: 
1. fat; 2. brown resin; 3. sweet principle of bile; 4. salivary matter; — 
5. mucus; 6. gall-brown (colouring-matter?); 7. oleic acid, salts, and — 
minute quantities of other substances. Frommberz and Gugert (Schweig- 
ger’s Journal, u. 8) have arrived at yet more complicated results: a 
namely, 1. fat; 2. resin; 3. sweet principle; 4. osmazome; 5. salivary” 
matter (Speichelstoff); 6. caseum; 7. mucus; 8. margaric and other fatty — 
acids, with phosphate and sulphate of soda and potassa, chloride of” 
sodium; and carbonate, phosphate, and sulphate of lime. The above 
and other chemists have published analyses of bile, taken after death in” 
various diseases, but they present nothing very important. Tiedemann 
and Gmelin’s elaborate analysis of ox-gall deserves the perusal of all 
chemists concerned in such inquiries: it contains, according to L. Gmelin, © 
(Handbuch der Theor. Chem., ii. 1012; Frankfurt, 1629,) a substance 
not to be found in any other bile, and which he has called Taurin or ~ 
Gallen-asparagin: it may be obtained as follows:—Add hydrochloric 
acid to ox-gall, and filter; after a few days a fatty matter appears, which — 
is separated by filtration: the filtered liquid is evaporated to a small bulk,” 
when it separates into two parts—a resinous mass, and a sour fluid: the 
latter, upon further evaporation, yields more resinous matter, and at 
length crystals of common salt and taurin, which are to be separated, and | 
the latter purified a second time by crystallization. Taurin, when puri- — 
fied, is in prismatie crystals, neither acid nor alkaline, not altered by — 
exposure to air, inodorous, of a peculiar taste: soluble in about 15 parts 
of cold water, and nearly insoluble in absolute alcohol: it is fusible, and_ 
not decomposed by nitric acid. =. 3 
_ More recently the bile has been examined by M. Demargay (Ann. de 4 
Ch. et Ph., uxvii. 177), who regards’ it as a soap with a base of soda: 
that is, a combination of a peculiar fatty acid with soda, to which he has — 
given the name of choleic acid. Fee 


= 
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% 
. Burzary Carcutt, or Gai-stonus.—These concretions have been — 
especially examined by Gren, Thenard, Fourcroy, and, as to the fatty — 
matter which they contain, by Chevreul. (Ann. de Chim., xev. 5.) 
Human gall-stones are, for the most part, composed of a crystalline 
ageregate of a species of adipocere, or as it has been termed by Chevreul, — 
cholesterine (from yor, bile, and orepeos, solid), with more or less . 
colouring-matter, muco-albumen, and inspissated bile; they are ac- — 
cordingly of various colours and textures, but generally brittle and friable. 
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_ Those which are chiefly cholesterine, or as it should more properly be 


termed cholestearine, are white and crystalline, and lighter than water; 
the others are more tough, coloured, and dense; their specific gravities, 
therefore, vary from 0°803 to 1:06. Their chemical examination may be 


‘conducted as follows: They may be powdered, and digested in water to 


separate the inspissated bile: then boiled in alcohol, and the solution 
filtered whilst hot; as it cools it deposits the cholesterine, and often 
retains common fat and its acids in solution, The portion which resists _ 
the action of alcohol may be digested in a weak solution of caustic potassa, 
which takes up colouring matter and muco-albumen: the solution, super- 
saturated by acetic acid, deposits these, and the colouring matter may 
afterwards be removed by alcohol. Any common albumen may be de- 
tected by ferrocyanuret of potassium added to the acetic solution. 
Cholesterine separates in white pearly scales from its hot alcoholic or 


ethereal solution during cooling; it fuses at about 280°, and when heated 


to about 400°, it sublimes: in the open air it burns like wax. Its ulti- 
mate components per cent. are 85 carbon, 12 hydrogen, 3 oxygen. It is 


_the most carbonaceous of all the varieties of fat. 


The gall-stones of the ox frequently consist chiefly of the yellow 
colouring-matter of the bile, which is occasionally used by painters, on 
account of its brightness and durability: it is insoluble in water and 
alcohol, but readily soluble in weak solution of potash, from which it is 
thrown down in green flocks by hydrochloric acid: nitric acid, cautiously 
dropped into a solution of this colouring-matter, gives it various shades 
of green, blue, and red. A gall-stone from a sow yielded cholesterine 6:0, 
resin 45, soda with resin 3°6, mucus, colouring matter, phosphate of lime, 
and oxide of iron, 45°4. (LiassAIGNE.) 


§ IV. Saurva. Pancreatic Juice. Gastric Juice. Lympu. 
Mucus. Pus. 


Sartva has been examined by Berzelius, and more in detail by 
Tiedemann and Gmelin. (Uber die Verdauung.) The principal use of this 
secretion appears to be to attenuate, and mix with the food during mas- 
tication; it is consequently secreted in great abundance during a meal ; 
at other times, only in such quantity as to lubricate the mouth and parts 
adjacent. . 

Human saliva is transparent, viscid, and contains an animal matter, 


frequently termed mucus, but its peculiarities have been pointed out by 


~ Pe 


‘Berzelius, who designates it salivary matter (Speichelstoff). Under the 


term mucilaginous extractive, a similar principle has been found in other 
animal fluids. ‘The specific gravity of human saliva is 1:0043. It is 


generally slightly alkaline ; sometimes neutral; and in some diseases (inter- 


mittent fever and abscess) sour; nitric acid separates from it transparent 
films. . The salts of lead, tin, copper, and mercury, and infusion of galls, 
yield with it a dense white coagulum; it reddens a dilute solution of 
perchloride of iron. It loses from 99°] to 98°81 per cent. by evapo- 
ration, and leaves a residue = 0°9 to 1:19. The dry resedue contains 
fatty matter, with traces of phosphorus, osmazome, sulphocyanate, hydro- 
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chlorate, and acetate of potassa, (with a little soda ,) 31:25.- It affords to 
hot alcohol albuminous matter (caseum?) with a trace of sulphate of 
potassa, 1:25; salivary matter, with alkaline phosphates, and traces of 
sulphates and chlorides, 20°00; mucus, with carbonate and phos- 
phate of lime, 40:00 (loss 7:5). By incineration; the dry residue of 
saliva yields 219 per cent. of ash, composed of 17-8 carbonate, phosphate, — 
hydrochlorate, and a little sulphate of potassa (with traces of soda), and 
45 phosphate of lime, with a little carbonate of lime and magnesia. 
(Gmeuin.) According to Berzelius, the components of saliva are, 
salivary matter 0°29, mucus 0°]4, osmazome with lactate of soda 0:09, 
soda 0°02, chloride of potassium and chloride of sodium 0:17, water 
99:29. By transmitting a current of electricity through saliva I obtained ~ 
indications of albumen, resembling those with other albuminous fluids. — 
(Phil. Trans., 1809.) 4 
In the saliva of a person suffering under diseased lungs, whose per- 
spiration smelt sour, and whose gastric juice contained much acetic acid, — 
whilst the urine was highly alkaline, Dr. Prout found free acetic acid. — 
(Phil. Mag.and Ann., iv. 122.) During mercurial salivation, the specific — 
gravity of the saliva -was 1:0038, and contained albuminous flakes—0:257 
mucus 0°367, chloride of sodium 0-090, water 99:286. (THomson, Ann., vi 
397.) In a similar case, in which the saliva amounted to two quarts daily, — 
Dr. Bostock found it of a pale yellow colour and opaque; it deposited, in | 
the course of twenty-four hours, viscid films, and became transparent; it — 
became turbid at 212°, and with hydrochloric acid and corrosive subli- 
mate it gave an alhuminous precipitate: it left, on evaporation, 2 per 
cent. of dry residue. (Med. Chir. T'rans., xiii. 73. ) . 
The saliva of the dog and of the sheep have been analyzed by ' 
Gmelin, and of the horse, by Lassaigne. (Aun. de Ch. et Ph., xix. 176.) 
The saliva of the sheep contained so much carbonate of soda. as to effer-— 
vesce with acids, and also sulphocyanuret of potassium. Its solid matter 
amounted to 1:2 per cent. That of the dog left 2:5] per cent. of solid | 
matter, but yielded only very slight traces of sulphocyanogen. The 
saliva of the horse afforded 3°5 per cent. of solid residue, and deposmag 
carbonate and phosphate of lime. 


Sativary Concretions.—These are sometimes found in the salivary 
ducts and glands; they have been repeatedly analyzed, and consist of 
phosphate of lime, carbonate of lime, &c., and albuminous matter. A calé 
culus from the salivary duct. of a woman sixty years of age, was white, — 
friable, specific gravity=2°30. It contained animal matter 25, phos- 
phate of lime 55, carbonate of lime 15, carbonate of magnesia 1, oxide of 
iron 2? loss 2. (Bosson.) A calculus from the salivary gland of an ass,. 
contained 91°6 carbonate of lime, 4°8 phosphate of lime, and 3°6 animal 
matter. (Caventou.) <A salivary stone from a horse consisted of, 85°52 

carbonate of lime, 7°56 carbonate of magnesia, 4-40 phosphate ef limes 
and 2°48 of animal matter. (Hnnry, jun.) os 
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Tartar oF THE TEETH.—This term is applied to a deposit formed 
upon those parts of the teeth which are protected from the cleansing 
influence of the tongue, and is most abundant in the mouths of persons — 
who speak much, and keep the mouth open, so as to allow of the evapo- 
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ration of the saliva. It consists of animal matter and earthy pligap Raves 
Berzelius obtained from 100 parts of this substance; salivary matter 1-0, 
mucus 12°5, earthy phosphates 79°0, animal: matter soluble: in hydro 
chloric acid 45 5. According to Vauquelin and Laugier it contains 0-13 
insoluble mucus, 0°66 phosphate of lime with a trace of magnesia, 0:09 


carbonate of lime, 0:05 soluble animal matter, 0°07 water. 


Pancreatic. Juice.—This secretion, from a dog, contains, according 
to Gmelin, albumen, and a substance like curd, a small quantity of mucus 
and osmazome, (salivary matter?) and a free acid. Its salts resemble 
those of saliva, excepting sulphocyanates. It afforded 91°72 per cent. of 
water. ‘That from the sheep contained, 1‘51 substances soluble in alcohol, 
0-28 soluble in water, 2°24 coagulated albumen, 96°35 water. The sup- 
posed analogy between saliva and the secretion of the pancreas seems, 
therefore, to be disproved. 


Gastric Juice.—The extraordinary solyent powers of this secretion, 
and its property of coagulating milk (and other albuminous liquids?) 
have been long known, but its chemical nature does not. satisfactorily 
explain these properties. We are indebted to Dr. Prout for the curious 
discovery of the presence of hydrochloric acid in this secretion, (Phil. 
Trans., 1824;) he found it together with acetic acid (lactic acid?) in the 
gastric juice of the rabbit, hare, horse, calf, and dog, and in the sour 
matter thrown up by persons suffering from indigestion, a fact also 
confirmed by Mr. Children. According to Tiedemann and Gmelin, any 
foreign matter in the stomach excites this acid secretion, but especially 
stimulating food. The other properties of gastric juice will be mentioned 
when considering the phenomena of digestion. 


Lympu.—This term is applied to the fluid which lubricates the dif- 
ferent cavities of the body, and which moistens its cellular textures; it 
sometimes collects in morbid quantity, as in dropszes, and is found in 
the thoracic duct of an animal that has been kept for twenty-four hours 
without food. The liquid of vesications seems, chemically speaking, 
closely to resemble it. It is colourless, transparent, miscible in all pro- 
portions with water, does not affect vegetable blues, and is not coagulated 
by acids or by alcohol. When evaporated to dryness it yields slight 
traces of albuminous matter*. 

Its composition, however, in dropsical cases, is liable to much variation, 
depending probably upon the cause of its accumulation, and the manner 


* The human Jiguor amnii is ammo- | amnii of the cow. and termed amniotic 


-and infusion of galls. 


niacal and albuminous; it yields copious 
precipitates with corrosive sublimate 
It is also said to 
contain benzoic acid and urea. Soda, 
chloride of sodium, and phosphate and 
carbonate of lime, are also contained 
in the amniotic fluid; and Dr. Prout 
found traces of sugar of milk in it. 
(Ann. of Phil., v. 417.) The solid con- 
tents amount to between 2 and 3 per 
cent. The acid described by Buniva 
and Vauquelin, as peculiar to the liquor 


acid, was found by Dzondi to belong to 
the liquor of allantois, or to the urine of 
the foetus. The allantoic acid is ob- 
tained by evaporating the allantoic 
liquid of the feetal calf: it forms white 
acicular crystals, sparingly soluble in 
water, but yielding soluble salts with 
the alkalis. It has been produced 
artificially by Liebig, by the action of 
peroxide of lead on uric acid. Sce 
page 1377. 
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in which it has been thrown out. When this has been a very gradual © 
process its characters are those of common lymph; but when rapid, or — 
attended by inflammatory action, it is more abundant in albumen, and 
sometimes approaches serum in its characters and composition—hence 
dropsical fluids are often very dissimilarly constituted, as far, at least, as 
regards quantitative composition. 


Mucvs.—All animal fluids of a viscid or glairy consistence, and not 
partaking of the decided characters of albumen, were formerly classed 
under this term, till Mr. Matchett, in his valuable essays on animal sub- 
stances, and especially in his observations on the component parts of 
membrane, showed the necessity of assigning to it a more definite mean- 
ing. Dr. Bostock includes, under the term mucus, animal substances 
which are soluble in hot and cold water; not precipitated by tannin or 
corrosive sublimate; not gelatinizable; but which are thrown down by 
subacetate of lead. Fourcroy and Vauquelin improperly compare it to 
gum. Berzelius remarks, that if the term mucus be restricted to the 
secretion from what are termed mucous membranes, it will include a — 
variety of dissimilar products, and in the paper already quoted, I have ~ 
shown that the characters generally ascribed to mucus, are in some cases — 
derived from peculiar forms or combinations of albumen. 

The secretion which is most appropriately termed mucus, 1s that 
from the nasal membrane; its properties are amply given by Berzelius. 
It appears when first secreted to be thin and aqueous, but, subject from 
its situation to the constant action of air, and to evaporation, it gradually 
thickens. It contains mucus (a peculiar animal principle) 5°33, ex- 
tractive matter soluble in alcohol and an alkaline lactate 0°30, chlorides 
of potassium and sodium 0:56, extractive / matter soluble in water only 
with traces of albumen and a phosphate 0:35, soda combined with the 
mucus 0°09, water 93°37. Of these components the mucus is the only 
one which is peculiar to this secretion; its properties are defined by 
Berzelius as follows: it swells and acquires apparent fluidity in water, — 
without being actually dissolved, but gives a ropiness to it when present 
to a less amount than 1 per cent. With pure water of the temperature — 
of 95° this appearance ensues in a few hours, but if the apparent solution | 
be filtered, the mucus remains upon the paper and gradually thickens; - 
it may be be repeatedly dried and moistened without material change of _ 
properties; it, however, becomes less transparent, yellow, and at length 
has a purulent appearance. When boiled in water it does not harden and 
shrink, but becomes tough, and on cooling is found to retain its former 
characters. When dried, it is yellow and translucent; subjected to 
destructive distillation, it yields carbonate of ammonia and empyreumatic 
oil, and phosphate and carbonate of lime, and a trace of carbonate of soda, 
are found in the residuary ash. It is soluble in dilute sulphuric acid, 
and is blackened and decomposed by the concentrated acid. Dilute _ 
nitric acid coagulates, and tinges it superficially yellow, after which it 
swells and becomes viscid as at first: when digested in the acid itis 
entirely dissolved. Acetic acid coagulates, but does not dissolve it; it, 
however, acquires a trace of albumen, and consequently becomes cloudy 
on the addition of ferrocyanuret of potassium. Caustic potassa first 
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renders it more viscid, and then dissolves it. Infusion of galls thickens 
and coagulates it in all its states. 


- Pus.—This, and the term purulent matter, is applied to the secretion 
of inflamed and ulcerated surfaces, and its characters are very different 
according to the circumstances under which it is secreted. When it 
indicates a healing sore, it has been called healthy pus, and has the 
following properties. It has the consistency of cream, a yellowish colour, 
and exhibits, under the microscope, the appearance of globules diffused 
through a fluid. (Home, On Ulcers, 2nd edit., p. 13.) Its specific 
gravity is about 1°030. It does not affect vegetable colours till it has 
been some time exposed to air, when it becomes slightly sour; it does 
not easily mix with water, alcohol, or dilute acids. (Pearson, On Pus, 
Nicholson’s Journal, xxx.) The composition of pus has not been 
accurately determined, and there is no accurate test by which it can be 
satisfactorily distinguished from albuminous and mucous secretions, when, 
as is almost always the case, it is more or less mixed with those animal 
fluids. 
| Tears contain a small portion of albumen combined with soda, 
hydrochlorate of soda, and water. There are also small portions of other 
_ salts. 

Humours or tHE Eye.—The aqueous and vitreous humours are com- 
posed of water holding a minute quantity of albumen and saline matter 
in solution; the crystalline lens also contains more than half its weight 
of water, the remainder being an albuminous substance with traces of 
hydrochlorates. 


SynoviA is the fluid which lubricates the surfaces of joints. It con- 
tains, according to Mr. Hatcouerr (Phil. Trans., 1799), a small portion 
of phosphate of lime, and of phosphate of soda and ammonia; the animal 
principle appeared to be albumen. ; 

In Oysters, in the yertebral fluid of the Squalus maximus, and in 
frog-spawn, are contained modifications of mucus; that of frog-spawn is 
very remarkable from the extent to which it swells up in water, forming 
a very bulky and transparent jelly, so that a piece not larger than a pea 
of the recently-emitted gelatinous matter that envelops the ova of the 
frog, will gradually absorb and gelatinize 8 or 10 ounces of water. 


§ V. Unie. -Urua. Unie Acrp. Urinary Catcuut. 


Urine.—This secretion carries off several substances from the blood, 
which may be termed excrementitious, and which would be injurious if 
retained; these substances are, for the most part, abundant in nitrogen. 
The quantity of urine which is formed, or secreted, in the ordinary and 
healthy state of the system, is very variable, depending upon the quantity 
of liquids taken into the stomach, the extent of perspiration, and appa- 
rently in many cases, upon the dry or humid state of the atmosphere, a 
cause by which the abstraction of moisture by the skin is greatly modified. 
Between 30 and 40 ounces may, perhaps, be considered as the average 
quantity of the urine voided by a healthy person, living upon ordinary 
diet, in the course of each 24 hours. , 
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‘ But the quality of the urine is no less variable than its quantity, so 
that its density is perpetually varying; sometimes its specific gravity 
scarcely exceeds that of water; at others, it rises to 1-030, or even in 
some diseased states, to 1-040; that which is voided in the morning by — 
a person who has eaten and drunk moderately of usual diet is usually a 
little on one side or other of 1-020. 

Recent healthy urine always has more or less of an acid reaction upon _ 
tests; after it has stood in an open vessel for a fet hours, this acidity 
gradually becomes less apparent, and it generally deposits a little mucus, 
containing traces of acid urate of ammonia. It is extremely prone to 

other and more complicated changes, and in warm weather it begins in 
the course of a few hours to acquire new properties: it becomes alkaline, 
acquires a highly-disagreeable odour, and lets fall a whitish sediment, 
consisting chiefly of ammonio-magnesian phosphate, and phosphate of 
lime; it afterwards smells ammoniacal, and is found to hold carbonate 
of ammonia in solution. Similar changes may be effected by continued 
boiling; they are chiefly referable to the decomposition of the character- 
istic ingredient of the urine, namely urea, a substance which is easily 
resolved into carbonate of ammonia. 
The substances always found in healthy urine are the following :— 


4 
- 


| 
| 
y 


1. Water. 6. Phosphate of ammonia. ; 

2. Carbonic acid. 7. Phosphate of soda. 

3. Phosphoric acid, or super- 8. Phosphate of magnesia. ; ’ 
phosphate of lime. 9. Common salt. - 

4. Uric acid, or superurate of 10. Sulphate of soda. é 
ammonia. 11. Albumen. 2 

5, Phosphate of lime. 12, Urea. 

To which may probably be added, ; : 
13. Fluoric acid. 19. Fluate of lime. — 
14. Benzoic acid. 20. Hydrochlorate_of ammonia. 

15. Acetic or lactic acid. 21. Sulphur. 

16. Gelatine. 22. Silica. 

17. Lactate or acetate of ammonia. 23. Mucus. ’ 

18. Sulphate of potassa. 24. Colouring and odorous matter. 


To this extensive list may be added a great variety of occasional or 
accidental ingredients derived from particular kinds of food or medicine, 
and which pass off by the kidneys; and lastly, certain substances which ‘i 
are apparently products of disease, such as oxalic acid or oxalate of lime, _ 
carbonate of lime, cystic oxide, sugar, and nitric acid. oy ae 
_ From this complicated character of the urine, from the variations to 
which the quantity and quality of its components are liable, and from the 
facility with which it passes into a state of decomposition, and is modified _ 
by heat and other chemical agents, it becomes extremely difficult to give 
even an average statement of the relative proportions of its usual ingre- 
dients; as a specimen, however, of such an attempt, I quote the following 
from Berzelius:— 

Water : . ° ‘ . . : - 933°00 
Urea ; : ’ . : . . oh OTD 
Sulphate of potassa . : é ian ara a 


Sulphate of soda ., . ‘ ‘ ET 3°16 
Phosphate of soda ; . . : oe ee 2:04 
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Chloride of sodium . : : . ° ° 4:45 
Phosphate of ammonia . : : s aoe kOe 
Hydrochtlorate of ammonia : ‘ , : 1°50 
Free lactic acid . : ; : ° . ¢ 
Lactate of ammonia ; é 4 ‘ 14 
Animal matter soluble in alcohol ; ° - 

Urea not separable from the preceding . . 

Earthy phosphates, with a trace of fluate of lime . 1°00 
Uric acid A . * . . 1:00 
Mucus of the bladder ° : . : oe G32 


Silica c 2 , ; i . 0°03 


1000°00 


A question has arisen as to the existence of free acid in the urine, as 
stated by Berzelius and others; Dr. Prout regards the acidity of the 
urine as the result of the presence of acid or super-salts, and especially 
of superphosphate of lime and superurate of ammonia. Dr. Turner 
observes, “ That a ver y strong argument, which to him appears conclusive 
in favour of this view, is, that on ‘adding i¢ drochloric acid to recent urine, 
minute crystals of uric acid are pradually deposited, as always happens 
when this acid subsides slowly from a state of solution, but on the con- 
trary, if no free acid is added, an amorphous sediment, which Dr. Prout 
regards as superuraté of ammonia, is obtained.” “We know, however, 
as little of the mutual actions of the complex ingredients of the urine, 
to sanction this opinion; carbonic .acid is certainly, sometimes at least, 
present in a free state, and whether other acids may or may not exist 
free, and therefore in variable quantities in reference to the bases, is, I 
think, a question which cannot at present be determined. At all events, 
the presence of free acid in certain morbid states of the urine, cannot 
admit of a doubt.. One important consequence of the acid state of the 
urine appears to be the retention of certain difficultly-soluble salts in 
permanent solution; for whenever the urine is neutralized by an alkali, 
these are more or less precipitated; an effect of this kind not unfre- 
quently takes place in the body, as we see from the turbid state in which 
the urine is voided after sufficient doses of the caustic or carbonated 
alkalis, or of magnesia. 

The properties and composition of the ordinary acids, bases, and salts 
of the urine, are already before the reader; the chemical history of urea, 
and of uric acid, bodies which peculiarly characterize urine, remain to be 
noticed. 


Urega is the principle which confers upon urine its chief peculiarities. 


‘It may be obtained by slowly evaporating urine to the consistency of 


syrup; on cooling it concretes into a saline mass, which, by digestion in 
alcohol, furnishes urea. By carefully distilling off the aleotigl, the urea 


| Bains in the form of a brown crystallized mass, which, by ptrifcenican 


furnishes colourless prismatic crystals. Or, NEES nitric acid may 


be added to the brown urea, which forms with it a crystallized mass, 


which, after having been washed with a little cold water, is to be dried 
by pressure in blotting-paper. The nitrate of urea thus formed is to be 
decomposed by neutralizing it with a strong solution of carbonate of 
potassa, and the solution set aside, after having been duly evaporated, to 
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separate the nitre by crystallization. The mother-liquor, which is an. 
impure solution of urea, is mixed with animal charcoal into a paste, — 
which, after some hours, is lixiviated with cold water; the urea is dis- — 
solved, and the solution evaporated to dryness, at a low temperature. 
The residue is then digested in pure alcohol, which deposits crystals of 
urea on cooling. (Prout, Med. Chir. Trans., viii.) : 
The form of these crystals is a four-sided prism; they are transparent, — 
colourless, of a peculiar and cooling taste, a faint, but not urinous odour, — 
neutral, slightly deliquescent, and of a specific gravity = 135. Urea — 
dissolves in about its weight of water at 60°, and in 5 parts of cold, and 1 
of boiling alcohol. ‘This solution is not prone to decomposition unless 4 
other ingredients of the urine be present; it is then, by continued ebul- 
lition, almost entirely resolved into carbonate of ammonia. Urea is also ~ 
decomposed by the caustic alkalis and alkaline earths. It fuses at 250°, : 
and at a somewhat higher temperature it is resolved into carbonate of — 
ammonia and cyanuric acid. Although not alkaline, urea forms definite g 
and crystallizable compounds with nitric and oxalic acids; and this pro- — 
perty forms a good characteristic test of the presence of urea. 
Urea consists of 


Prout. 
Carbon .. oe le en Se OU as) a IoD 
Hydrogen pie a, ek ne . 6650 


Nitrogen ere 28 %.° 64667 2 4) 46°650 
60 100°00 99°925 


2 
4 
Oxygen. 2°. . 16 .°. 26°66 - 26°650 
2 
1 


Urea 


By referring to the composition of cyanic acid, ammonia, and water, — 
it will be apparent that an atom of urea = (2 car +4h+2 O+2N) is — 
equivalent to, and contains the elements of an atom of hydrated cyanate — 
of ammonia = (A+CY/+Q) or (N+3 h)+(n +2 Car 0)+ (h40). — 
Hence the production of urea by the mutual action of ammonia, cyanic 
acid, and water, as by decomposing cyanate of silver by hydrochlorate of # 
ammonia, or cyanate of lead by a solution of ammonia; in the latter case, — 
oxide of lead falls, and it might be presumed that cyanate of ammonia 
would be formed, but on evaporating the filtered liquor, quadrangular 
crystals are obtained, which yield no ammonia by the action of potassa, — 
nor do they precipitate solutions of lead or of silver, as is the case with 
the soluble cyanates; in this case, therefore, urea is formed artificially, — 
and it presents a curious case of isomerism. Dumas regards urea as a 


ammide of oxide of carbon, or as (0-2 h) +(c€+0). 


Uric Acm. Litnic Acip. (G0car+4 h+co+4 n.)—This acid has 
‘been mentioned as one of those which are found in human urine; it often — 
constitutes urinary concretions; it is found in the urine of birds of prey — 
and of those which feed on fish and animal matter. The substance called — 
guano, Which is the decomposed excrement of aquatic birds, and high 
abounds in many of the small islands of the South Sea, and is used as a 
manure, is also chiefly composed of urate of ammonia. It is also found — 
in the excrement of the parrot and some other birds which feed upon — 
vegetables, and also in cantharides and in the excrement of silk- — 
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worms. The excrement of large snakes, especially that of the boa con- 
strictor, consists of white nodules containing little else than urate of 
ammonia. | 
Uric acid is generally obtained from the excrement of the boa by dis- 
solving it in solution of caustic potassa, and dropping the hot solution 
into dilute sulphuric, hydrochloric, or acetic acid; the precipitate, when 
thoroughly edulcorated and dried, is pure uric acid. It is a white, 
crystalline, tasteless, inodorous powder, nearly insoluble in water, requiring, 
according to Prout, 10,000 parts of water at 60° for solution; it is inso- 
luble in alcohol and in ether, it feebly reddens litmus, and combines with 
bases. When mixed with nitric acid, and evaporated carefully to dryness, 
a crimson or scarlet compound remains, which becomes bright purple when 
moistened with ammonia; this is a ready and characteristic test of uric 
acid: the substance called by Brugnatelli Erythric acid, and by Prout 
Purpuric acid, the Allovan of Wohler and Liebig, is one of the products 
of this decomposition, and is noticed further on. Uric acid is decomposed 
by chlorine; when dry, and heated in the gas, cyanic and hydrochloric 
acids are formed; if moist, cyanic and carbonic acids, while hydrochlorate 
and carbonate of ammonia remain in solution. Fused with hydrate of 
potassa, uric acid yields carbonic acid, cyanuret of potassium, and cyanate . 
- of potassa. When distilled per se it yields carbonate and hydrocyanate 
of ammonia, and a sublimate of pyro-wric or cyanuric acid. 
According to Liebig the ultimate elements of uric acid (which is 
anhydrous), are | 


Liebig. Prout. 
Carbon:. 6 10).) «1.60: .) 5. 34°7.. « «S611, » «32875 
Hydrogen Tee eA ge Sin ee oka Ee aee wg eae aoe 
Oxygen . Ae, 266 Fog ae. g) +. Og 7o 


4 
Given 

Nitrogen 4.) 5604. 933. (888606. 81125 
1 


Uric acid 168 100°0 100°00 100:000 


Unrate or Ammonta. (A+UP/.)—The neutral urate of ammonia is 
soluble, according to Prout, in 480 parts of water at 60°, and the solution 
yields a precipitate of uric acid on the addition of the other acids: tritu- 
rated with solution of potassa it evolves ammonia; this salt occurs in the 
urine, and in urinary calculi; but according to Coindet the excrement of 
snakes and birds contains a binwrate of ammonia. 


Urate or PorassaA (P+U?/) is formed by digesting uric acid, or 
urate of ammonia, in a hot solution of caustic potassa, till it is neutral; 
on cooling, the salt is deposited in granular crystals, or by slow evaporation, 
in crystalline scales soluble in about 500 parts of cold water; but it is much 
more soluble in boiling water, especially if there be excess of alkali; in 
this case, however, the neutral urate is also deposited. When urate of 
potassa is dissolved in solution of potassa, carbonic acid throws it down 
in the form of a bulky gelatinous precipitate; it is also precipitated by 
carbonate of ammonia. When the dry salt is exposed to air it absorbs 
carbonic acid, and carbonate and binurate of potassa are formed. Digested 
in a solution of carbonate of potassa, uric acid forms a transparent gela- 
tinous hydrated urate of potassa, and the solution contains bicarbonate of 
potassa. When subjected to destructive distillation, urate of potassa 
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leaves cyanuret of potassium. When uric acid is fused with caustic 
potassa, ammonia is evolved, and oxalate of potassa formed. 


Unrate or Sopa. (S+U//.)—The mutual action of uric acid and 


solution of caustic soda, resembles that of potassa. This salt constitutes 
the white concretions which form in the joints of gouty persons, and 
which are called chalk stones. (WOLLASTON.) 3 


Urate or Lime. (C+ UP/ .)—The solution of uric acid in lime water ¥ 
yields pulverulent or minute acicular crystals of this salt. The addition % 


of hydrochloric acid to the solution, throws down a binurate of lime. 


Urate or Baryta (B+U7/) may be formed by digesting uric adil f 


in baryta water; or by adding urate of potassa to soluble barytic salts. 
Urate of strontia and urate of magnesia may also be obtained by double 
decomposition; according to Wetzlar, when uric acid is boiled in water 
with the earthy carbonates, carbonic acid is expelled, and urates of the 
bases are formed. Many of the metallic urates may be formed by double 
decomposition: the wrale of mercury so obtained yields, when heated, 


carbonic and hydrocyanic acid, and much cyanic acid, but no free cyano- — 


gen. (WOHLER.) 


Purpuric Actp.—This compound was first examined by Dr. Prout. 
(Phil. Trans., 1818.) Its name indicates the colour of its compounds, for, 
though colourless itself, it produces purple salts. It may be obtained as 
follows. (Turnrr’s Elements.) “ Let 200 grains of uric acid prepared 
from the urine of the Boa Constrictor bedissolved in 800 grains of pure 
nitric acid, diluted with an equal weight of water, the uric acid being 
added gradually, in order that the heat may not be excessive. LEffer- 
vescence ensues after each addition, nitrous acid fumes appear, heat is 
evolved, and a colourless solution is formed, which, on standing in a cool 
place for some hours, yields colourless Grystals which have the outline of 
an oblique rhomboidal prism. , By gentle evaporation, an additional 
quantity may be obtained. They contain nitric and purpuric acid, and 
ammonia; should be dissolved in water, and be exactly neutralized by pure 


ammonia, and the liquid then digested in a solution of potassa until the — 


ammonia is wholly expelled: on pouring this solution into dilute sulphuric 


acid, purpuric acid is set free, which being insoluble in water, subsides” 


as a granular powder, of a white colour if pure, but commonly of a yel-" 
lowish-white tint.”. Dr. Turner observes “that considerable uncertainty 
prevails as to the nature of purpuric acid. Vauquelin denied that its 
salts have a purple colour, attributing that tint to some impurity; and 
Lassaigne is inclined to tlie same opinion (Ann. de Ch. et Ph., xxii, 
334); but from the intense colour given even by a very minute quantey 
of purpuric acid, the opinion of Dr. Prout appears to be the more proba- 


ble. The composition of the acid is likewise unsettled, for Prout has 


expressed a doubt of the accuracy of the analysis which he_ formerly 
published.” 

Dr. Prout’s analysis represented purpuric acid as (2 car +2h-+20 
+), its equivalent being 44.. This acid reddens, in the ‘air, éither from 
the formation or absorption of ammonia; it reddens when heated, and 


ag 
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burns away without any peculiar odour. It is decomposed by concen- 
trated nitric acid and by chlorine. It requires more than 10,000 parts of 
water for solution, and is soluble (without decomposition) in sulphuric 
acid. It expels carbonic acid from the carbonated alkalis, and forms red 
salts, most of which contain 2 atoms of acid to 1 of base. | 


Purpurate or Ammonia forms four-sided prisms of a red colour and 
sweetish taste, soluble in 1500 of cold and in much less of hot water, 
and insoluble in alcohol and ether: the aqueous solution is carmine-red. - 
Purpurate of potassa is dark-brownish purple, and much more soluble 
in water than purpurate of ammonia. Purpurate of soda requires 3000 
parts of water at 60° for solution. Purpurate of baryta is thrown down 
in the form of a dark-green powder, on mixing acetate of baryta with 
purpurate of ammonia; its aqueous solution is purple. Purpurate of 
lime is greenish-brown, and yields a purple solution with hot water. 
Purpurate of magnesia is very soluble. Purpuric acid readily dissolves 
in heated acetic acid, but not in tartaric, citric, or oxalic acid. (Prout.) 


Eryturic Acip.—Brugnatelli, under this name (from epu@paiveuvy, 
to redden), described a substance which Dr. Prout regards as the crystal- 
lized compound of nitric and purpuric acid and ammonia, above men- 
tioned. It has been more fully examined under the name of Alloxan, by 


Liebig and Wohler. 


Abstract of the researches of Liebig and Wohler relating to Urie Acid, 
and its compounds. (Ann. de Ch. et Ph., uxviii. 225; Chimie Organique, 
p- 203.)—Liebig commences his account of these substances by assuming 
the existence of a basic radical, which he represents as a compound of 2 
atoms of cyanogen and 4 of carbonic oxide, or by the ultimate for- 
- mula (8 Cd’ +27+40). To this base he applies the term wril, urilic 
acid, or cyanoxalic acid; and he observes that its elements are equivalent 
to those of oxalic acid, in which an atom of oxygen has been replaced 
by cyanogen: thus 

(2 CaY +20)+0=Oxalic acid. 
(2 Car +20)+Cy= Uril, or cyanoxalic acid. 
Representing this base by the symbol ul, the formulee of its compounds. 
are as follow :— . 
Rational. Empirical. 
sul+iured = Uricacid wear+sn+sh+4c6o 
© oult2044q = Alloxan scar+2n+sh+wo 
2ul+ O--8 == Alloxantin 8Cd”r+2N+5 A+ 100 
2ul+ A+2g= Uramil scar+3n+sh+co. 


Autantorn. ALLantorc Actp. (4 Car +3 ha2n+s 0) or (2CY+39). 
—This product, originally discovered by Vauquelin and Buniva in the 
allantoic fluid of the cow, has been artificially obtained by Liebig and 
Wéohler, by acting on uric acid by peroxide of lead. 1 part of uric acid 
is boiled in 2 (20?) of water, and peroxide of lead (pure and in fine pow- 
der) is added in successive portions as long as its colour changes; the 
hot liquor is then filtered and evaporated till crystals form upon its 
surface; when the solution is cold the crystals are purified by recrystal- 

4X 
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lization. ‘They are small transparent prisms derived from the rhombo- — 
édron, of a glassy lustre, tasteless, soluble in 160° of cold, and in less of 
boiling water; soluble in nitric acid, and decomposed by boiling, but . 
without the evolution of nitrous fumes. Gently heated in sulphuric acid — 
it is resolved into carbonic oxide, carbonic acid, and ammonia; if rapidly 
heated it is blackened. Boiled with caustic alkalis it yields an alkaline — 
oxalate and ammonia, its composition being such that it contains the — 
elements of oxalate of ammonia, minus 3 atoms of water. The caustic 
and carbonated alkalis may both dissolve it without decomposition, when — 
aided only by a gentle heat. On adding a few drops of ammonia to a ~ 
solution of allantoin in boiling water, a solution is obtained which ~ 
gives a white precipitate with nitrate of silver, containing 43°54 per 
cent. of oxide of silver: its composition is represented by the formula — 
(8Car+4n+s5 A+s 0)+(ag9 +0), so that it contains 2 atoms of allan-_ 
toin, minus 1 atom of water, which atom of water ( A+ 0) is replaced by 
the atom of oxide of silver (@Q + 0). . : 
When the mother liquor, which in this process for obtaining allantoin — 
has deposited the crystals of that substance, is evaporated to the con- 
sistence of syrup, it deposits crystals of urea, and the white powder into — 
which the oxide of lead is converted is oxalate of lead; the theory of the — 
formation, therefore, of the allantoin, may be represented as follows:— 


Atoms. Car. Hyd. Nit. Oxy. Lead. Atoms. ‘Car. Hyd. Nit. Oxy. Lead. 
1 Uric acid BOM oO te ) 2 Oxalic acid A 4 Gs 
: = | 2 Protoxide of lead ; ; ay Pee 
2 Peroxide of lead : ‘ a j a 4 AllanigtA Lae. ghee 
S Nvateriras. \ -« 116 eke A Riis L-Uifea:.\. seh i. Ae. otha ote 
1Oie4 Fe 2451538 3 10. % .4 18°38 


ALLOXAN. (8 car+4h+2n+100.)—This term is applied by 
Wohler and Liebig to the erythric acid of Brugnatelli. They obtained it 
by adding 1 part of uric acid in successive portions to 4 of nitric acid 
(specific gravity 1:45 to 1:5). It is dissolved with effervescence and 
evolution of heat, but the increase of temperature should be avoided by 
keeping the mixture cold, and adding the uric acid gradually. White 
and brilliant granular crystals are formed, and the liquid soon concretes; 
this mass should then be drained in a funnel and afterwards dried on a 
porous brick, and purified by solution in water and recrystallization. 

Alloxan crystallizes from a solution which is not saturated, in colour- 
less rhombic octoédra,; which are brilliant, and sometimes an inch in 
diameter; they are efflorescent, and lose 25 per cent. of water; they 
become anhydrous when gently warmed. A_ hot saturated solution 
deposits it at once in anhydrous prismatic crystals. It is very soluble 
in water, has a nauseous odour and slightly astringent taste. It reddens 
vegetable blues, and tinges the epidermis purple. By the action of alkalis 
it is converted into alloxanic acid. Boiled with an alkali it is trans- 
formed into urea and mesoxalic acid. Heated with peroxide of lead it 
forms urea and carbonate of lead, with traces of oxalate of lead. By sul-_ 
phuretted hydrogen, or chloride of zinc, it is converted into alloxantin. — 
Excess of ammonia transforms it into mycomelinic acid; nitric acid con- 
verts it into parabanic acid; and sulphuric acid or hydrochloric acid into 
alloxantine. By sulphurous acid and ammonia it is changed into thio- — 
nurate of ammonia; and alloxantine and ammonia convert it into murex- 
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ide. By the joint action of a protosalt of iron and an alkali it forms an 
indigo-blue solution. It does not combine without decomposition with 
metallic oxides. . 

The formation of alloxan and other accessory products depends on 
two simultaneous distinct decompositions; namely, the conversion of 
uril (cyanoxalic acid) into alloxan, and the decomposition of urea by nitric 
acid. The nitric acid produces hyponitrite of ammonia and cyanic acid; 
the hyponitrite of ammonia is resolved by heat into nitrogen and water, 
while the cyanic acid with the elements of water yields carbonic acid, and 
ammonia, 

- Carbon. Hydrogen. Nitrogen. Oxygen. 


Uril or cyanoxalicacid 8 . . «ni 2entn ee 
4atomsofwater . . Pe See s- wi 
reer oxygen . . o elds Wah 
Alloxan 8 4 2 10 
Car. Hyd. Nit. Oxy. Car. Hyd. Nit. Oxy. 
Bl Carbonic acid 2 . 24 
Urea OOS RT tila NR RNs MO Fe Nitrogen. . : s; Bebe 
6 e = A j e ® 1 e 
Hyponitrous acid : t elses Water. 4 Ohy 
2 4 3 5 2 4 3 5 


Attoxanic Aci. (8car+2n+2h+80.)—This acid has been 
mentioned as produced by the decomposition of alloxan by alkalis: it is 
obtained by decomposing alloxanate of baryta by sulphuric acid; a very 
acid solution is obtained, which yields groups of acicular crystals on 
evaporation, and dissolves zine with the evolution of hydrogen: it is 
unchanged by sulphuretted hydrogen: in its free state it does not preci- 
pitate the salts of silver, baryta, or lime. The anhydrous alloxanic acid 
contains the elements of an atom of alloxan, minus 2 atoms of water. 

Alloxanic acid neutralizes the alkalis, and decomposes the carbon- 
ates; the neutral alloxanate of ammonia gives a white precipitate with 
the salts of silver, which becomes yellow when boiled, and then black, 
and occasions an effervescence: supersaturated by ammonia it produces 
white gelatinous precipitates in the salts of lime, baryta, and strontia, 
which dissolve in excess of water, and very readily in the acids. The 
solution of the neutral alloxanates of lime, baryta, and strontia, become 
turbid by ebullition, and the precipitate which falls is a mixture of 
mesoxalate, carbonate, and alloxanate of the base, urea and mesoxalic 
acid remaining in the solution. 

Alloxanate of Baryta. (8Car+2n+2 hs 0) + (ba+ 0)+8 q.— 
Prepared by adding baryta water to an aqueous solution of alloxan, 
saturated when cold, and heated to 140°, so that the product disappears 
on stirring: as soon as the precipitate tends to permanence, a few drops 
of alloxan are added, to cause it to disappear, and the liquid on cooling 
yields alloxanate of baryta in small transparent needles, or in nacreous 
scales, which become opaque at 212°, and lose 6 atoms of water: at 300° 
hey become anhydrous. 

Alloxanate of Silver (8 CAr+2N-+-2 h+s0)+ (AG +0) is an anhy- 
drous salt in the form of a white insoluble powder, which explodes 
slightly when heated. nay 
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Mesoxatic Aci. (3¢€Ar+40.)—When a saturated solution of 
alloxanate of baryta or strontia is heated to its boiling point, a precipitate 
falls, composed of the carbonate, mesoxalate, and alloxanate of baryta or 
strontia. On evaporating the solution crystalline crusts form, composed 
of. urea and mesoxalate of baryta, which crusts, treated by alcohol, yield 
to it their urea, and the mesoxalate remains. If a solution of alloxane 
be dropped into a boiling solution of acetate of lead, a heavy granular 
precipitate of mesoxalate of lead is formed, and pure urea remains as the 
only product, in solution. ‘The mesoxalic acid is obtained by the action 
of dilute sulphuric acid on the mesoxalate of baryta or of lead. 

The solution of mesoxalic acid is very sour, reddens vegetable blues, 
crystallizes, and, like the alloxanic acid, produces, when saturated with 
ammonia, white precipitates in the salts of lime, baryta, and strontia, 
which are soluble in the acids and in excess of water. A solution of the 
mesoxalic acid may be boiled and evaporated without decomposition. 
- The distinctive character of this acid is, that, when neutralized by ammo- 
nia and added. to nitrate of silver, a yellow precipitate falls, which is” 
reduced with effervescence to the metallic state, on being gently heated. i 
The composition of the mesoxalate of lead is probably expressed by the — 
formula (3 CAP +40) +2( pl +0), in which case its formation from — 
alloxan and alloxanic acid may be easily explained, for 1 atom alloxan 
= (8 car +2n+4h+100) minus 1 atom of urea== (2 car+2n+4h+e2 0) 
leaves 2 atoms of mesoxalic acid = 2(3CA7/+40). 


Myxomeninico Ac. (C47 +4N+5h+450.)—Prepared by boiling 
a solution of alloxan with excess of ammonia, then supersaturating with 
_ dilute sulphuric acid, and boiling for a few minutes; the mykomelinic — 
acid forms a yellow gelatinous precipitate which dries into a porous pow- 
der, soluble in hot, but nearly insoluble in cold water; it is soluble in, 
and decomposed by boiling with, the fixed alkalis, when it evolves am- 
monia; ‘it forms a yellow insoluble salt with oxide of silver. It is pro- — 
duced by the decomposition of 1 atom of alloxan and 2 of ammonia into~ 
1 of mykomelinic acid and 5 of water. 
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1 Alloxan + 2Ammonia — 1 Mykomelinic acid + 5 Water 
(scar+2n+4h4+wo) 2(n+sh) (scar+in+sh+so0) 5(h+0) — 


ParaBanic Acip. (6CA’ +2N+40.)—The crystallized acid contains — 
2 atoms of water. Prepared by mixing 1 part of uric acid or 1 of alloxan 
with 8 of nitric acid of mean strength, and evaporating to the consistence 
of syrup; colourless lamellar crystals gradually form, which are purified 
by recrystallization. Its taste is very acid; it is very soluble, and not 
efflorescent; when fused, part sublimes, and part is decomposed into 
hydrocyanic acid. On heating a solution of parabanic acid neutralized by 
ammonia, the acid is transformed into oxaluric acid. 


OxaLuric Acip (6CQ7/+2N+3 A+ 70)+ (A+ 0) is prepared by 
adding dilute hydrochloric or sulphuric acid to a saturated and_ boiling 
solution of oxalurate of ammonia, and rapidly cooling the liquor; the 
oxaluric acid falls as a crystalline powder, which is washed with cold 
water till (as long as) the washings neutralized by ammonia produce with 
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the salts of lime a precipitate entirely soluble in hot water. It is a white 
crystalline powder, very acid, and when neutralized by ammonia forms 
with the salts of silver a white precipitate, soluble in boiling water. An 
aqueous solution of this acid is entirely resolved by boiling into oxalic 
acid and oxalate of urea. Oxaluric acid is formed by the union of 2 
- atoms of water with parabanic acid. The crystallized acid also includes 
the elements of 2 atoms of oxalic acid and 1] of urea; it may be consi- 
‘dered as uric acid, in which the uril (or cyanoxalic acid) has been 
replaced by oxalic acid. 


Oxa.uRAtTEFs.—The oxaluric acid forms very soluble salts with the 
alkalis; with the alkaline earths its salts are almost insoluble. On mixing 
concentrated solutions of oxalurate of ammonia with chloride of calcium 
or of barium, transparent acicular crystals of oxalurate of lime or of baryta 
are formed. With excess of ammonia, oxalurate of lime yields a gelati- 
nous precipitate soluble in great excess of water. 

Oxalurate of Ammonia. (6CAr+2N+3 h +70)+(7+4 h +0.)— 
This salt is formed directly by adding ammonia to a boiling solution of 
parabanic acid; or better by supersaturating with ammonia a recently-pre- 
pared solution of uric acid in nitric acid. The liquid, at first purple, 
becomes yellow by evaporation, and forms stellated groups of hard 
acicular crystals, which are purified by animal charcoal and recrystalliza- 
tion. The crystals are easily soluble in hot, but difficultly in cold water ; 
the solution has no reaction on vegetable colours, and may be boiled and 
evaporated without change; the dry-salt loses no weight at 250°, but a 
higher temperature evolves hydrocyanic acid. The acids produce a 
crystalline precipitate of oxaluric acid in a concentrated solution of oxa- 
lurate of ammonia. | 

Oxalurate of Silver is obtained by mixing boiling solutions. of 
oxalurate of ammonia and nitrate of silver; as the solution cools, anhy- 
drous silky crystals are deposited, which at a high heat are decomposed 
without explosion; the formula of this salt is (6 car +2N+3h470)+ 


(ag +0). | 


Turonuric Aci. (8CAr4+3N+7N+140+42S.)—Prepared by de- 
composing thionurate of lead by sulphuretted hydrogen ; it forms a mass 
of acicular crystals, unchanged in air, very soluble in water, and very acid; 
when its saturated solution is heated to the boiling point, it congeals into 
a semifluid crystalline mass of uramil, and the fluid contains free sul- 
phuric acid. Thionuric acid contains the elements of ] atom of alloxan, 
1 of ammonia, and 2 of sulphurous acid; uramil may be regarded as a 
compound of ammonia with alloxan, MINUS 2 atoms of oxygen. On 
heating the solution of thionuric acid, 2 atoms of oxygen are given by 1 
atom of alloxan to the 2 of sulphurous acid, which is thus converted into 
sulphuric acid, while the elements of uril, (or cyanoxalic acid,) ammonia, 
and water, combine to form uramil. 


THIONURATES.—Thionuric acid forms very soluble salts with the 
alkalis; those with the alkaline earths are insoluble or sparingly soluble 
in water, but readily soluble in dilute acids; they generally contain 1 atom 
of acid and 2 of base; all these salts eyolye sulphurous acid, when acted 
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on by sulphuric acid; fused with potassa they leave a residue of sulphite 
of potassa. | 
Thionurate of Ammonia is obtained by adding excess of sulphurou 
acid to a cold aqueous solution of alloxan, and then adding carbonate of 
ammonia as long as it effervesces, and afterwards excess of pure ammonia, 
and boiling for half an hour; as the solution cools, thionurate of ammonia 
crystallizes, and may be washed and dried. It forms quadrangular cry- 
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stals of a pearly lustre, which become red at 212°, and lose 6 per cent.= _ 
2 atoms of water; they are sparingly soluble in cold, and readily so in — 


boiling water. When a solution of this salt is heated with a weak mine- 
ral acid, it suffers a decomposition similar to that of the thionuric acid. 
Mixed with nitrate of silver a brilliant film of the metal is gradually 
deposited. On evaporating thionurate of ammonia on a water-bath, with 
the addition of a quantity of sulphuric acid less than sufficient to neu- 
tralize its ammonia, white acicular crystals of acid thionurate of ammonia 
are obtained, which by boiling are resolved into uramilic acid and am- 
monia. 

Thionurate of Lead is obtained by double decomposition in the form 
of a gelatinous precipitate, which quickly changes in a hot solution into 
short white needles; on drying they lose water, and become pink; 
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exposed to destructive distillation, urea, and a substance which forms — 


large broad crystals, are the results. 


Uramin. (8CAr+3N+5 h+e 0.)—A product of the decomposition 
of thionuric acid, obtained by heating a cold saturated solution of thionu- 
rate of ammonia to its boiling point, then adding excess of hydrochloric 
acid, heating again till it becomes slightly turbid, and allowing it to cool 
slowly; or a boiling saturated solution of the same salt may be mixed 
with hydrochloric or dilute sulphuric acid, and boiled till the whole forms 
a semifluid mass; it yields plumose acicular crystals permanent in the air, 
but becoming pink when heated; insoluble in cold, but slightly soluble in 
boiling water; soluble in ammonia and the caustic alkalis in the cold, and 
precipitated from them unchanged by acids.. The solution of, uramil in 
ammonia and in caustic potassa becomes purple by exposure to air, and 

deposits green acicular crystals of a metallic lustre; if boiled with caustic 


potassa, ammonia is evolved, and uramilic acid formed. Uramil is soluble - 


in sulphuric acid, from which it is thrown down by water; boiled in 

dilute acids, it suffers the same changes as with potassa; by boiling with 

“oxide of silver and of mercury, it is converted into murexid, and the 

metal is reduced. Nitric acid converts it into alloxan, hyponitrous acid 
being evolved and nitrate of ammonia formed. -Uramil is formed in the 

above process by the separation of 2 atoms of sulphate of ammonia. 

Uramil may be considered as uric acid in which the urea is replaced by 1 

atom of ammonia and 2 of water. 


Uramitic Acrp (16 Car +5N+0A+15 0) is a product of the decom- 
position of uramil; it is obtained by adding a cold saturated solution of 
thionurate of ammonia to a small quantity of sulphuric acid, and evapo- 
rating the mixture in a water bath, when uramilic acid is slowly deposited 
in transparent prisms. If a white deposit soluble in hot water is at 
the same time formed, it arises from undecomposed acid thionurate 
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of ammonia, which must be redissolved, and treated by sulphuric acid as 


before. 
Uramilic acid forms acicular four-sided prisms, soluble in 6 to 8 of 


cold, and 3 of boiling water; does not lose weight, but becomes pink at 


212°; soluble in sulphuric acid with effervescence, but does not colour 
the acid. Boiled with nitric acid, it yields a yellow solution, and on 
evaporation, white scaly or granular crystals, soluble in the alkalis, and 
again precipitated by acetic acid. In the formation of uramilic acid 2 
atoms of uramil lose the elements of 1 of ammonia, which are replaced by 
3 of water. 

Uramilic acid forms soluble crystallizable salts with ammonia, and 
with the fixed alkalis; the salts of lime and baryta are not precipitated 
by the free acid, but a white precipitate is formed on the addition of 
ammonia, which is redissolved by excess of water. Uramilate of ammo- 
nia produces a dense white precipitate with nitrate of silver containing 
about 63 per cent. of silver. 


ALLOXANTIN. (8CAPr+2N+5 h +10 0.)—The formation of this sub- 
stance was first remarked by Prout in the decomposition of uric acid by 
nitric acid. Wéhler and Liebig obtained it by the action of chlorine on 
uric acid, or by that of deoxidizing agents upon alloxan. From uric 


acid: 1 part of uric acid is added to 32 of water, heated to its boiling 


point, and then treated with dilute nitric acid in successive portions till 
dissolved; it should then be evaporated to two-thirds its volume, and 
after standing for some time crystals of alloxantin are deposited, which 
should be purified by recrystallization. rom alloxan: by passing sul- 
phuretted hydrogen into a solution of alloxan; sulphur is first deposited, 
and then a crystalline mass of alloxantin; it is separated from the sulphur 
by hot water, and the solution yields it in crystals on cooling. When a 
solution of alloxan is subjected to voltaic electricity, oxygen is evolved at 
the positive electrode, and the negative becomes covered with a crystal- 
line crust of alloxantin. Alloxantin forms short oblique four-sided 
prisms, colourless, or slightly yellow; in an ammoniacal atmosphere they 
redden, and then acquire a greenish hue, and become pulverulent; they 
lose no weight till heated to 300°, when they lose 15:4 per cent. of water= 
3atoms. They are little soluble in cold, but more so in boiling water; the 
solution reddens litmus. Heated with solution of chlorine alloxantin 
becomes alloxan; with solutions of silver, it produces a black metallic 
precipitate. Alkalis decompose alloxantin; with baryta water it gives a 


violet precipitate, which first becomes colourless and then disappears when 
heated. | 


The formation of alloxantin is as follows: by the action of nitric acid 
the uril (cyanoxalic acid) of the uric acid combines with 1 atom of 
oxygen, and with the elements of 5 atoms of water, to form | atom of 
alloxantin, and nitrous acid, which latter is decomposed by the water into 
hyponitrous and nitric acid. In its preparation by alloxan, 1 atom of the 
latter is converted by the hydrogen of the sulphuretted hydrogen into 
water, which remains in combination with the other elements. On boil- 
ing alloxan with sulphuric acid, 2 atoms are resolved into 1 of alloxantin, 
3 of oxalic acid, 1 of ammonia, and 1 of cyanic acid, the latter being 
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decomposed, together with 3 atoms of water, into carbonic acid and } 


ammonia. 
When sulphuretted hydrogen is passed through a boding solution of | : 
alloxantin, sulphur is thrown down, and the solution becomes strongly — 


acid; if neutralized by carbonate of ammonia, it deposits silky white © 
crystals on cooling, of an ammoniacal salt, which becomes red when — 
heated to 212°, and which appears to be a compound of cyanoxalic acid — 
with 1 atom of ammonia, and 4 of water; it is represented by the formula — 


(8 CAr+3N+7 h+80). The acid of this salt appears at the moment of 


its separation from the ammonia to be resolved into several new products; 


it is proposed to call it dialuric acid, since its properties differ essentially — 


from those of the urilic (or cyanoxalic) acid. One of the products of its 
decomposition is obtained by dissolving it in dilute sulphuric or hydro- _ 
chloric acid, and exposure to air; it forms hard colourless crystals corres- 


ponding in chemical properties with alloxantin, but differing from it in © 


their form; it may be called dimorphous alloxantin. 'The same substance 
is obtained when uramil or uramilic acid is heated with dilute hydro- 
chloric or sulphuric acid till entirely decomposed. 


When a hot saturated solution of alloxantin is nine with a solution — 


of sal ammoniac, it immediately becomes purple, but this colour soon dis- — 


appears, and the solution deposits white scales of uramil which become 
pink when dried; the same thing occurs with other salts of ammonia; the 


solution, after the above decomposition, contains free hydrochloric acid — 


and alloxan. When a solution of alloxantin in ammonia which has been 
prepared cold is spontaneously evaporated, it absorbs oxygen, and crystals 
of oxalurate of ammonia are formed. 3 atoms of alloxantin, 7 of oxygen, 
and 6 of ammonia, contain the elements of 4 atoms of oxalurate of am- 
monia and 5 of water. When oxide of silver is heated in a solution of 


alloxantin, a portion of it is reduced with effervescence, and the solution — 


contains pure oxalurate of silver. In this case, 3 atoms of oxygen from 
the oxide of silver decompose 1 of\alloxantin into 1 of water, 2 of car- 
bonic acid, and 1 of oxaluric acid, which last unites with undecomposed 


oxide of silver. Alloxantiii dissolves peroxide of mercury without evolu- — 


‘tion of gas; the solution appears to contain alloxanate of protoxide of 
mercury. When a mixture of peroxide of lead and alloxantin are boiled 3 


together, urea and carbonate of lead are produced. 


Murexw.—This term has been applied by Liebig and Wohler to Dr. 
Prout’s purpurate of ammonia: its ultimate composition is very uncertain; — 
the most consistent formula is apparently (2 car +5n+ch+s 0). The 
following is Liebig’s account of its preparation and properties :— 

** Preparation.— By heating a mixture of equal parts of peroxide of 
mercury and uramilic acid in 36 to 40 parts of water, with the addition 


of an exceedingly small quantity of ammonia; as soon as the liquid has 


acquired a deep purple colour, it is filtered and allowed to rest, when the — 


murexid crystallizes; or by dissolving uramil by the aid of heat in am- 
“monia, and when the solution has cooled to 160°, alloxan is added 
until a very slight alkaline reaction is observed. Or a solution of uric 
acid in dilute nitric acid is evaporated until it acquires a flesh-red colour, 

when it is allowed to cool to 160°, and is then treated with a ep 
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aqueous solution of ammonia, till the presence of free ammonia is re- 
marked by the odour; the solution is then diluted with half its volume 
of boiling water, and allowed to cool. In applying this method of pre- 
paration it is advisable to test a small quantity of the solution of uric acid 
from time to time by saturating it with ammonia: if it be rendered turbid 
by the ammonia, and a red powder falls, a small quantity of nitric acid must 
be added to the hot solution of the uric acid; but if a yellow slimy pre- 
cipitate be formed, the solution will only give rise to the formation of 
murexid after a stream of sulphuretted hydrogen has been transmitted 
through it. Or a boiling saturated solution of alloxantin in water is 
treated with ammonia in excess till the precipitated uramil is redissolved, 
when a solution of alloxan is added, so that only a slight alkaline reaction 
is left, and the whole is allowed to cool. Or by heating alloxantin with 
sal-ammoniac or oxalate of ammonia, and after the formation of uramil 
adding ammonia till the former is redissolved, and then alloxan. Mu- 
rexid may be formed by a number of other processes, by bringing 
together many of the products of uric acid with ammonia, with or with- 
out the presence of atmospheric air. 

“When the oxygen from 13 eq. of peroxide of mercury is added to 
2 eq. uramil, they may give rise to the formation of 1 eq. murexid, 1 eq. 
alloxanic acid, and 3 eq. water. Alloxan appears to have the same action 
upon a solution of uramil in ammonia as the peroxide of mercury. One 
eq. alloxan, 2 eq. alloxantin, and 4 eq. ammonia, contain the elements of 
2 eq. murexid and 14 eq. water. The solution of uric acid in dilute 
nitric acid contains principally alloxantin, urea, and nitrate of ammonia: 
evaporated until the flesh-red colour appears, a portion of the alloxantin 
is converted by the action of free nitric acid into alloxan, a portion of 
which, by a further action, gives rise to parabanic acid. But when al- 
loxan and alloxantin are simultaneously present in a solution, an excess 
of ammonia produces a deep purple-red liquid from which murexid is 
deposited. If the solution contain an excess of alloxantin, the crystals 
of murexid are mixed with uramil: with an excess of alloxan, mykome- 
linate of ammonia is formed, which also falls with the murexid. The 
parabanic acid present passes, when the solution of uric acid is saturated 
‘with ammonia, into oxaluriec, which is obtained in crystals of oxalurate of 
ammonia by evaporating the mother-liquor. 

“ Properties.—Murexid crystallizes in short four-sided prisms, two 
faces of which, like the upper wings of the cantharides, reflect a green 
‘metallic lustre. The crystals are transparent, and by transmitted light 
are of a garnet-red colour. It forms a brownish-red powder, which, 
‘under the polishing steel, acquires a brilliant metallic green colour. It 
is insoluble in ether and alcohol; sparingly soluble in cold, but more 
readily in boiling water, on the cooling of which it crystallizes unchanged ; 
insoluble in a saturated solution of carbonate of ammonia; soluble in 
-eaustic potassa with a beautiful indigo-blue colour, which disappears on 
the application of heat with the evolution of ammonia. It is decomposed 
either in the solid state or in solution by all the mineral acids, with the 
‘separation of brilliant scales of murexan: the liquid contains ammonia, 
alloxantin, alloxan, and urea. The instant the murexid is brought into 
contact with hydrosulphuric acid it is decomposed into alloxantin, dia- 
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luric acid, and murexan, with the separation of sulphur, An equivalent 
of diet alloxantin, murexan, and urea, together with 2 eq. ‘nmona 
contain the elements of 2 eq. murexid and ll eq. water.” 


i 


Murexan.—“ The purpuric acid discovered by Prout as the product : 
of the decomposition of murexid. Its formula is (6 CQ? +270+-4 has 0). 
Prepared by dissolving murexid in caustic potassa by the aid of heat, 
which is applied tll the blue colour disappears, when dilute sulphuric Y 
acid is added in excess. 

“ Properties. —It falls in crystalline scales of a silley lustre ; is insolu- 
ble in water and dilute acids, but is taken up by ammonia and the fixed — 
alkalis in the cold without neutralizing them. It is dissolved by con-— 
centrated sulphuric acid, from which it is again precipitated unchanged 
by water. Ifa solution of murexan in ammonia be exposed to the air, 
it acquires a purple-red colour, and deposits the brilliant crystals of mu-— 
rexid; with an excess of ammonia the solution again becomes colourless, — 
and is then found to contain oxalurate of ammonia. 2 eq. murexan, 
1 eq. ammonia, and 3 eq. oxygen, contain the elements of 1 eq. murexid 
and 3 eq. water; 1 eq. murexan, 3 eq. oxygen, and ] eq. ammonia 
are the constituents of 1 eq. oxalurate of ammonia*.” (Liebig and 
Wilton Turner's edition of the late Dr. TuRNER’s Elements of Chemistry, 
p- 820.) 

ComposiTION oF URINE IN DisrAsres.—The urine is liable to infinite 


modifications both in the quantity and quality of its components, and 
when these are regular or constant, or when they exceed certain limits, 


on 


they are regarded as constituting morbid states of the secretion. 
I have already adverted to the new characters which the urine some- 


times acquires from particular kinds of food or medicine. 


principles are often carried off by it, as in the case of asparagus, oil of 


turpentine, and several other varieties of volatile oil. 


* The preceding details are taken 
from the French edition of Liebig’s 
work on organic chemistry, and from 
the Elements of Chemisiry, by 'Turner 
and Liebig. Dr. Prout observes that, 
“before he can subscribe to the accu- 
racy of Liebig and Wohler’s analyses, 
they must be better authenticated than 
they are at present; I know at present 
of no apparatus or means of operating 
capable, when azote is concerned, of 
unequivocally deciding about the pre- 
sence or absence of one proportion of 
hydrogen or even of oxygen in a com- 
‘plicated body. Liebig’s analytical ap- 
paratus was in effect tried by me nearly 
20 years ago, and for rude approxima- 
tions it answers very well, but it is not 
in my opinion at all adapted for obtain- 
ing very accurate results. There is 
another circumstance which makes me 
hesitate to receive these results with 
confidence. I long ago settled, to my 


During a course of 


Odorous 


own satisfaction, that the combining — ; 


weight of carbon is neither more nor, 
less than six, whereas, most foreign 


chemists, following Berzelius, make the — 


combining weight considerably higher. 
Since the above was in type, I observe’ 
that Dumas has proved by a very elabo- — 


rate series of experiments, that the 
combining weight of carbon is really six, 
hydrogen being unity.” Dr. Prout also 
protests against the barbarism of Liebig 
and Wéhler’s newterms, “particularly,” 

he adds, “as Iam by no means satisfied 
that the doctrines on which they are 


founded are satisfactorily established.” — 


I quote these remarks from so high and 


cautious an authority under a conviction — 


of their justice and importance; our 


young chemists are especially addicted 
to the equivalents and formule and 
symbols of the foreign schools, appar- 
ently merely because they are foreign. 
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mercurial friction, mercury is said to have been found in the sediment, 
which, in such cases, is generally deposited; and traces of iron have been 
found during a course of chalybeate remedies. Nitre, ferrocyanuret, and 
sulpho-cyanuret of potassium, iodine, and iodic salts, several borates, car- 
bonates, chlorates, and even silicates, and many of the acids and alkalis, 
have also been traced passing off from the stomach by the kidneys; some 
of the vegetable salts with alkaline bases appear to suffer such decompo- 
_ sition, as to act upon the urine in the manner of free alkalis, the acid 
being decomposed, probably by the process of digestion. Among the 
substances which pass off by urine, none are more remarkable, or more 
easily observed, than colouring-matters of vegetable origin, such as those 
of many fruits, logwood, madder, rhubarb, and also several astringents; 
these sometimes are not apparent, till the urine is tested by an alkali, or 
by solution of iron. The mineral acids, alcohol, ether, camphor, empyreu- 
matic oils, musk, the colouring-matters of cochineal, litmus, and sap-green 
(which is the green extractive of the Rhamnus catharticus) and others, 
insoluble in water, are said not to pass by urine in an unchanged state. 
In many diseases, there is an excessive secretion of acid along with 
the urine; this is sometimes wric acid, which we shall presently refer to, 
and sometimes oxalic or even nitric acid, neither of which belong to 
healthy urine; I have also observed a peculiar acid state of urine 
depending upon a volatile acid, which I believe to be either the acetic or 
lactic. Nor is an alkaline state of urine, or at least a deficiency in the 
proper proportion of acid, at all uncommon; it is often the result of par- 
ticular food and medicine, and sometimes habitual; in such cases, the urine 
has a tendency to a white deposit, or film; and is generally opalescent, 
when voided, or speedily becomes so. This is generally the case in 
injuries of the spine affecting the nerves which supply the kidneys, and 
in these cases ammoniacal urine is sometimes voided. 
The relative proportion of urea fluctuates on one side or other of the 
healthy standard, from a variety of causes: when it is defective, the 
urine loses its putrefactive tendency, and when long boiled or heated, 
there is not that production of ammonia which belongs to healthy urine. 
In inflammatory affections of the liver, in hysteria, in some cases of 
excessive secretion of albuminous matter, and in some of diabetes, there 
is this deficiency of urea. In other cases, urea is in excess, so that 
nitric acid added to the urine causes a deposition of nitrate of urea. Dr. 
Prout judges of the presence of excess of urea, by putting the urine into 
a watch-glass, and dropping in a little nitric acid, so as to collect at the 
bottom; if there be a separation of crystals of nitrate of urea in the course 
of less than half an hour, that ingredient is probably present in morbid 
proportion. : 
Albumen is a common ingredient in healthy urine, but always in very 
small relative proportion; in some cases of disease, it is so abundant as to 
coagulate by heat, or even sometimes, spontaneously, within the bladder: 
it is also recognised by the precipitate which it affords to ferrocyanuret of 
potassium; but in applying this test, and, indeed, generally, in judging of 
the state of the urine of any individual, it should be previously ascer- 
tained that it is not naturally subject, (which is at times the case,) to 
excess or deficiency of this, or others of its components. In some forms 
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of dropsy, especially where there is renal disease, excess of albumen is — 


often observed; in these instances the urine is scanty, and its specific 
gravity below the usual average, in consequence of deficiency in saline 


matter and in urea; and it deserves notice, that in some such cases urea — 


has apparently existed in the blood. 
A peculiar red colouring-matter, differing from any uric or purpuric 
combination, is sometimes present in the urine, associated with the late- 


ritious sediment; it is soluble in alcohol, but has not been accurately — 


examined. Messrs Brett and Bird have adverted to such cases in a paper 
published in the Medical Gazette, for August, 1834. A blue and black 


colouring matter have been observed in the urine, but they are of very 
rare.occurrence; the former is the cyanurin of Braconnot, and the latter 


the melanie acid of Prout? These appear to be peculiar organic com- 


pounds; the former has apparently been mistaken for Prussian blue. The 
yellow, brown, or green tint, which urine sometimes acquires, in jaundice 
and obstructions of the liver, seems to depend upon the presence of bile — 


or of its colouring matter. In these cases, hydrochloric acid brightens 
the colour, or renders it green. 


The most extraordinary morbid change which urine suffers, j is that — 
connected with the formation of sugar in the disease called diabetes. — 


This urine does not easily putrefy, and may be made to undergo vinous — 
fermentation; it is usually of a pale colour, and more or less sweet to — 


the taste, and its specific gravity commonly above the healthy standard*; 
it is not, as is often supposed, destitute of, and even generally, I believe, 
not deficient in, urea. 

* The following table, constructed by Dr. Henry, shows the quantity of solid 


extract, in a wine-pint of urine of different specific gravities, from 1-020, to 1-050. 
In the experiments which furnished the data of this table, the urine was evapo- 


rated by a steam-heat till it ceased to lose weight, and left an extract which 


became solid on cooling. (Med. Chir, Trans., ii. 118.) This is a useful table to the 
medical practitioner, who, in cases of diabetes, may draw important inferences 
respecting the progress of the disease, and the influence of medicines, from the 
differing density of the urine. 


a | 


Specific gravity] Quantity of Quantity of Specific gravity; Quantity of Quantity of 
compared with! solid extract solid extract compared with} solid extract solid extract 
1000 parts of ina ina 1000 parts of ina in a 
water at 60°. wine-pint. wine-pint, in water at 60°. wine-pint. wine-pint, in 
grs. oz. dr. scr. grs- grs. oz. dr. scr. grs.” 
382°4 O fut’ $2. 1036 689°6 Ll. 3h 
401°6 0 6 2 1 1037 708°8 1 3 2 8 
420°8 0 7 0 0 1038 728°0 1 4 0 8 
440°0 Ta I il 1039 747°2 1’ 4° 193 
459°2 Ove 119 1040 766-4 1 4°2°635 
478°4 ONT 2 718 1041 785°6 156 0 5 
497°6 1 0 017 1042 804°8 1,5 hig 
516°8 Ly Oa IG 1043 8240 1 5 2 df 
536°0 1 NG Arie 1044 843°2 1 6 0 8 
555°2 1 1 015 1045 862°4 1 6 | 2S 
574°4 Pelee 1046 881°6 1 625 
593°6 lyn deals 1047 $00°8 1700 
612°8 A et Oo re 1048 920°0 Ll Jyh ee 
632°0 Liars k lo 1049 939°2 Lf. S38 
6512 Ly 2 a 1050 958°4 1 7 218 
670°4 1 3 010 
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Diabetic Sugar may be obtained by evaporating such urine to the 


consistency of syrup, and keeping it in a warm place, when a granular 


mass is obtained which must be washed with cold alcohol to abstract the 
colouring matter; it may then be dissolved in boiling alcohol, and purified 
by repeated solution and crystallization, or by the help of animal char- 
coal. It is a granular sugar, resembling grape sugar in appearance and 
composition: it consists, according to Prout, of 40:00 carbon, 6°67 hydro- 
gen, and 53°33 oxygen, per cent. 

The following analyses of diabetic urine are by Meisner; the different — 
samples were taken at different periods from the same individual. 


I. Il. Iii. 
Substances soluble in ether: urea, lactic acid, j é ae 
lactate of lime, extractive , - 8 } ORC he tse eee 


Substances soluble in alcohol: sugar, extrac- ; 
tive, salts ; ; } T0628 S46 FS TE 


Substances soluble in Jae ie Seprae nye. salts 2 1°37. 30 02 JS 44iiae SOD 


Mucus, with phosphate of lime and traces ae 0°34. ooo eraL 2 oe 
oxide of iron ; : : A : 


Water ; < < : A ; 91:19 . . 92°46 . . 92°10 


In diabetes insipidus, the urine, though not sweet, is excessive in 
quantity, and deranged as to composition. ‘The formation of urea is sus- 
pended, and such urine leaves, on evaporation, a brown residue, of the 
consistence of syrup, from which nothing crystallizes, and which is slightly 
acid. Alcohol of ‘830 dissolves the greater part of this residue, and leaves, 
on evaporation, a yellow, deliquescent extractive matter, which resembles 
that which similar alcohol extracts from the inspissated decoctions of 
muscular flesh. The portion insoluble in alcohol, appears also to partake 
of the same properties. » (BERZELIUS.) 


CatcoLous Concretions.—It frequently happens that certain ingre- 
dients in the urine are secreted in excess, or that, from other causes, they 
are deposited in a solid form, constituting sand, gravel, and calculi. 

Sabulous depositions in the urine are of various characters, but, as 
far as their leading chemical varieties are concerned, they may be con- 
veniently termed white sand and red sand; the former consisting 
usually of phosphate of lime, or ammonio-magnestan phosphate, or of mix- 
tures of the two; whilst, in the latter, uric acid predominates. These 
deposits are frequently temporary only, and may be produced by a variety 
of accidental causes, which influence the secretion of urine; but when 
they are more or less constant, or arise from very trifling causes, they 


then require the utmost attention, as being frequent forerunners of cal- 
‘culus. This tendency to the deposition of solid matter is generally first 


observed in the urine after it is voided, and as it cools; but it after- 
wards increases to such an extent that it is voided more or less turbid; 

and, at length, A aoe of gravel or of stone in the kidney or bladder 
ensue. 

Urinary calculi are composed either of materials that exist at all 
times in the urine, or of substances which only occasionally appear, and 
which may, therefore, be regarded as products of disease. The following 
are their component ingredients :— 
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1. Uric or lithic acid. 6. Cystic oxide. 
2. Urate of ammonia. 7. Carbonate of lime. a 
3. Phosphate of lime. ' 8. Xanthic oxide. i 
4, Ammonio-magnesian phosphate. 9. Silica. 2 


5. Oxalate of lime. 


Of these substances, the first five are of most frequent occurrence, tna 
their relative frequency varies in different countries and districts. Dr, 
Yelloly, in a paper on the “Tendency to Calculous Diseases,” (Phil. 
Trans., 1829,) has given the following view of the different descriptions _ 
of calculi contained in the collection belonging to the Norwich hospital: 
from this table it will be seen that about one-half of the specimens are 
composed of one description of material only; and that the remainder 
consist of alternating layers, more or less numerous, of most of the sub- 
stances of which human urinary calculi are composed. 


Calculi consisting principally of one deposit. 
Lithie acid : é : ‘ : ‘ . ‘ : ‘ 8] 


Lithate of ammonia - é ‘ é F ¢ s « 20 
Oxalate of lime ; ; a < : e ‘ ° ‘ 20 


Phosphate of lime .. « 2 
Fusible calculus, or mixed phosphates ; that is s to say, caleuli com- | 
posed of the triple, or ammoniaco-magnesian phosphate, mixed 


with phosphate of lime , ; i ‘ ‘ soy hate NSF 
Calculi consisting of two deposits. 

Lithic acid and lithate of ammonia ; ‘ ‘ : . . 37 

HE oxalate of lime 4 , - ‘ é . 1] 

ah mixed phosphates ; 3 : - ‘ - (10 

phosphate of lime . ° : ’ . . 2 

Lithate of ammonia and lithic acid Pare ‘ ¢ a9 
» oxalate of lime . . : ° . 25 

Fe mixed phosphates *. r ° ‘ « 44 

phosphate of lime . . ° * 1 

Oxalate of lime and lithic acid : : . . P . . 10 

fh lithate of ammonia . : : ° 2 1 

7 mixed phosphates ° : . . . Es 


phosphate of lime = ‘ ° é 3 
Mixed phosphates and phosphate of lime : . ° ‘ «| gtk 


Calcul consisting of three deposits. 


Lithic acid, Hacenlate of lime, and mixed phosphates . : , 20 
is oxalate of lime, and phosphate of lime Pp ° a oie 
Pr oxalate of lime, and lithate of ammonia ° . 2 
oi oxalate of lime, and lithic acid . : . 4 
sy lithate of ammonia, and oxalate of Fee ‘ é é go 
oxalate of lime, and mixed phosphates : ° 1 
Lithate of ammonia, oxalate of lime, and mixed phosphates P 3 
9 oxalate of lime, and lithic acid ° ‘ » <6 
4 phosphate of lime, and lithate of ammonia . 1 
lithic acid, and mixed phosphates . 5 2: 
Oxalate of lime, lithic acid, and lithate of ammonia . ‘ . 1 
“5 lithic acid, and oxalate of lime : ‘ « | 
Ry lithic acid, and mixed phosphates <. . : 2 


Calculi consisting of four or more deposits. . 

Lithate of ammonia, oxalate of lime, lithic acid, and mixed phosuhare 

Oxalate of lime, lithic acid, oxalate of lime, and mixed phosphates 

Lithate of ammonia, oxalate of lime, phosphate of lime, oxalate of eo 
and lithate of ammonia . : : ° ° d ° : 


— 


it 


iS) 
bo 
ee} 
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In the last edition of Dr. Prout’s work On the Nature and Treatment 
of Stomach and Urinary Diseases, there is a valuable table in which the 
urinary calculi contained in the museums of Bartholomew’s and Guy’s 
hospitals, and in the provincial hospitals of Norwich, Manchester, and 


Bristol, are contrasted with the calculi existing in Swabia and Copen- 


hagen; this table is interesting, as showing the relative prevalence of the 


different species of calculi, and the order of succession of their different 


layers. 7 

1. Calcult composed of uric acid, of which acid the chemical properties 
have already been described, are of a brown or fawn colour; and, when 
cut through, appear of a more or less distinctly laminated texture. Their 
surface is generally smooth, or nearly so, being sometimes slightly tuber- 
culated. Before the blowpipe, this calculus blackens, and gives out a 
peculiar ammoniacal odour, leaving a minute portion of white ash: it is 
soluble in solution of pure potassa, and, heated with a little nitric acid, 
affords the red compound above-mentioned. 

2. Urate of ammonia forms calculi, the surface of which is sometimes 
smooth, sometimes tuberculated: they are made up of concentric layers, 
and the fracture is fine earthy, resembling that of compact limestone; 
they are generally of a small size, and rather uncommon, though urate of 
ammonia often occurs mixed with uric acid. It usually decrepitates 
before the blowpipe, is more soluble than the uric calculus, evolves 
ammonia when heated with solution of potassa, and is readily soluble in 
the alkaline carbonates, which pure uric acid is not. | 

3. Phosphate of lime calculus is of a pale-brown. or gray-colour, 
smooth, and made up of regular and easily-separable lamine. It is 
soluble in hydrochloric acid, and precipitated by pure ammonia, and does 
not fuse before the blowpipe. Calculi from the prostrate gland are fre- 
quently composed of phosphate of lime. , 

4, Ammonio-magnesian, or triple calculus, is generally white, or pale- 


pray, and the surface often presents minute crystals; its texture is 


_ generally compact, and often somewhat hard and translucent; heated 
by the blowpipe, it exhales ammonia, and leaves phosphate of magnesia. 
It is more easily soluble than the preceding; and oxalate of ammonia 


forms no precipitate in its hydrochloric solution. 
It frequently happens that calculi consist of a mixture of the two 


last-mentioned substances, in which case they fuse before the blowpipe, 


and are hence termed fusible calculi. They are white, or nearly so, and 
softer than the separate substances, often resembling chalk in appearance. 


They are easily soluble in hydrochloric acid, and if oxalate of ammonia be 


added to their solution, the lime is precipitated in the state of oxalate. 


5. Oxalate of lime forms calculi, the exterior colour of which is gene- 
rally dark-brown, or reddish; they are commonly rough or tuberculated 
upon the surface, and have hence been called mulberry calculi. Before 
the blowpipe, they blacken and swell, leaving a white infusible residue, 
which is easily recognised as quicklime. Small oxalate of lime calculi 
are, however, sometimes perfectly smooth upon the surface, and some- 
what resemble a hempseed in appearance. 

6. Cystic oxide is a peculiar animal substance; the calculi composed 
of it, which are rare, are in appearance most like those of the ammonio- 
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magnesian phosphate. They are soft, and when burned by the blowpipe, — 
exhale a peculiar foetid odour. ‘They are soluble in nitric, sulphuric, _ 
hydrochloric, phosphoric, .and oxalic acids, and also in alkaline solutions, 

Cystic oxide forms crystallizable compounds with nitric, hydrochloric, _ 
and oxalic acids. With sulphuric acid it forms a viscid, colourless, and 
uncrystallizable compound. Its component parts, according to Prout, are” 

carbon 29:9, hydrogen 5:1, oxygen 53:1, nitrogen 29°9. A specimen 

from a dog, analyzed by Lassaigne (Ann. de Ch. et Ph., xxiii. 329), — 
yielded carbon 36:2, nitrogen 34:0, oxygen 17:0, hydrogen 12°38; but © 
it is probable that these were different substances. The cystic oxide, — 
according to the analysis of Thaulow, is represented by the formula — 


(car +n4+6h+40+28). It contains:— 
Carbon . 


Thaulow. ; Pra 
6 ie Ore ol SOS 
Nitrogett (es Toga ne Met sk ge 
Hydrdgen *. 6 * .* Get 2 Se 
Oxygen © ¢ 4S SZ SF. 26°47 
Sulphur . 2 32>. . 2658 ie 

1 


Cystic oxide 120 100°00 


4. Dr. Prout, and Mr. Smith of Bristol, (Medico-Chir. Trans., xi. 14,) — 
have described calculi composed almost entirely of carbonate of lime; 
but this species is exceedingly rare, and among several hundred calculi 
which I have examined, I never met with it from the human bladder. 
Carbonate of lime calculi are small, white, and friable. I have seen many 
beautiful specimens of carbonate of lime calculus from other animals. 
I have also observed very small and perfectly spherical concretions, com- 
posed of carbonate of lime and animal matter, voided in a case in which 
they apparently came from the prostrate gland. In the case of this cal- 
culus cited by Mr. Smith, several small ones were voided, and three large — 
calculi of similar composition were removed by operation. 

8. Xanthic Oxide. This substance has already been adverted to as 
discovered in a calculus by Dr. Marcet; Dr. Prout observes that he has 
never met with another specimen. “Some late writers,” he observes, — 
“assert that xanthic oxide forms a constituent of certain lithic acid calculi 
of a light or bright brown colour, and which exhibit a scaly shining 
fracture of a brown or deep flesh-colour, and yield a resinous lustre by 
friction. I cannot confirm or deny this statement. To obtain xanthie- 
oxide Liebig directs us to dissolve the calculi containing it in causti¢ 
potassa, and saturate the solution with carbonic acid, which, he says, 
throws down xanthic oxide in the form of a white precipitate, which 
becomes hard and yellow by drying, and acquires a waxy lustre by 
friction. It is soluble in the pure and carbonated alkalis, but sparingly 
soluble in hot water and in hydrochloric and oxalic acids. It forms a 
deep yellow solution with concentrated sulphuric acid, which is not pre- 
cipitated by water. Nitric acid dissolves it without effervescence, and 
on evaporation there remains a residue which is not reddened by ammo- 
nia, but is of a lemon-yellow colour and little soluble in water; the 
alkalis dissolve this residue, becoming deep yellow, and. leave a residuum 
of a red colour on evaporation. Liebig represents xanthic oxide by the 


formula (5CA/r+2N-+2 h+20). 
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9. Silica, as an ingredient in urinary sand and in some calculi, is 
very rare. It would appear from the statement of Mr. Venables (Quart. 
Jour., N.S., December, 1829), that it most commonly is voided in the 
form of sand. Several supposed cases of siliceous sand have been traced 
to imposture. I have, however, seen, in the possession of Dr. Yelloly, 
an unequivocal specimen of siliciferous calculus; it was taken from a boy 
_ by an operation, and consisted chiefly of oxalate of lime, having small 
cavities in its interior, lined with an apparently chalcedonic crust, which, 
on examination, proved to be silica. 

These are the principal chemical facts belonging to the history of 
urinary calculi. In Dr. Wollaston’s valuable papers upon this subject 
(Phil. Trans., 1797 and 1810), much additional information will be 
found. In the same work (1806, 1808, and 1810), I have given some 
account of their peculiarities, depending upon their situation, and have 
also discussed the chemical operation of solvents, a subject taken up more 
in detail.in the Quarterly Journal of Science and the Arts, vol. viii. The 
late Dr. Marcet published a valuable dissertation on Calculous Disorders ; 
but Dr. Prout’s “Inquiry into the Nature and Treatment of Gravel, Cal- 
culus,” &c., may be considered as the best medico-chemical work upon 
the subject. 


Urine oF otHeR ANIMALS.—From comparative analyses of the urine 
of different animals, it appears that urea is present in the higher orders. 
The urine of carnivorous animals is at first acid, but becomes speedily 
alkaline, and is very prone to putrefaction; it generally contains uric 
acid, but in small quantity; the urine of graminivorous animals contains 
hippuric or urobenzoic acid, the formula of which is (12 Cd? +8 h+so 
+)+q: this acid becomes benzoic acid when the urine is evaporated 
at 212°. According to Hieronymi, as quoted by Berzelius, the urine 
of the lion, tiger, and leopard, is transparent, and of a nauseous odour 
and bitter taste; its specific gravity varies in the same individual, from 
1:059 to 1:076. As soon as voided, it becomes alkaline from the form- 
ation of carbonate of ammonia. During evaporation it deposits white 
flakes, and when concentrated, part of the urea crystallizes. The urine 
of these animals yielded 


Urea, extractive, and free acetic (lactic?) acid . ° . 13°220 
Uricacid . ; ; : : ° : ° . 0:022 
Mucus. ‘ : : : : : : - 0510 
Sulphate of potassa : : 0°122 
Hydrochlorate of ammonia, and ohioede of Sodaane: ; . 0116 
Phosphate of lime and magnesia, with a trace of car eae 0-176 
of lime. ° ; : : : 

Phosphate of potassa, and of soda. ; . : - 0°802 
Phosphate of ammonia - : : : : : 0°102 
Acetate (lactate) of tie ay kos ; : : -  0°330 
Water Su : ‘ : : : : : 84°600 

100°000 


, The urine of the hywna and panther contained the same ingredients, 
the specific gravity of the former being 1:06], and of the latter, 1-045. 
' The urine of the rhinoceros is muddy, yellow, and, when deposed to 
air, acquires a crystalline film of carbonate of lime; it effervesces and 
4Y 


ey a oe ee 
Mame okt > 
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becomes clear on the addition of an acid. Left to itself, it debodteg a 
yellow powder, composed of carbonate of lime and magnesia, traces of 
oxide of iron, of silica, and of an azotized animal matter; the lead ‘ 
portion, when evaporated, yields a similar precipitate; and on. the addition 
of hydrochloric acid, deposits urobenzoic acid. (VOGEL.) of 

Elephants’ urine is turbid from carbonate of lime and magnesia, ia 
contains no benzoate, but much urea. (VOGEL) ¥ 

The urine of the horse, contains urea 0°7, hippurate of soda a4, 
carbonate of soda 0:9, chloride of potassium 0°9, carbonate of lime 0:2 to” 
1-1. Water 940. Chevreul found sulphate of lime. 4 a 

The urine of the camel yielded carbonate of ammonia and volatile oil 
by distillation; sulphuric, nitric, and hydrochloric acid, reddened it: 0 nh 
evaporation it ‘deposited carbonate of lime.and of magnesia, with animal | 
‘matter and a trace of silica. Evaporated to the consistency of syrup, 
and mixed with nitric acid, it deposited abundance of nitrate of treed 
It also contained chloride of sodium, urobenzoate of soda, carbonate ot 
soda, sulphate of potassa in large proportion, some sulphate of soda and 

carbonate of ammonia, and a trace of oxide of iron. No phosphoric salts ia 
or uric acid. (CHEVREUL.) 

The urine of the cow contains a large relative proportion of urea and 
of hippuric (or urobenzoic) acid, and exposed to alr, deposits small” 
crystals of carbonate of lime and carbonate of magnesia. 

Urinary calculi are not unfrequent i in some of the above and other 
animals. They vary considerably in composition, Carbonate of lime, — 
earbonate of magnesia, phosphate of lime, and ammonio-magnesian — 
phosphate, are common ingredients; they also “often contain a considerable 
proportion of a peculiar animal matter, of a resinous or fatty character. g 
Oxalate of lime has been detected in the calculus of the rat; andi an ay 
calculus from a dog, Lassaigne found a substance which he terms cyt 
or cystic oxide. 


§ VI. fete Soups or Animats. Skin. GeEnatin. Muoscie, &e. 


Tuer skin of animals consists. of an exterior covering, the epidermis, « ot 
cudicle, under which is a thin stratum of a peculiar substance, called by 
anatomists rele mucosum, which lies immediately upon the cuits, tora 
dermis, or true skis. 

The epidermis varies in thickness on different parts of the body; it 18 
little prone to decomposition, insoluble in water, in alcohol, and in ‘iluten 
acids. Concentrated nitric and sulphuric acid soften and ultimately _ 
dissolve it. The caustig fixed alkalis dissolve it, even when considerably 
diluted, but not the carbonated alkalis. It is stained by several sub- — 
‘stances, so far indelibly that the colour remains till the cuticle peels off. as 
It does not combine with tannin. Corns, and similar indurations, resembl 
the epidermis in their general chemical ‘characters: and horn, hoof, nails 
claws, tortoise-shell, hair, wool, feathers, and scales, may be regarded a 
modifications of it. All these substances partake more or less of th 
character of coagulated and dry albumen, and Mr. Hatchett’s researches. 
have shown. that the analogies Vetwveen them are in many cases: ae 
broken by the presence of foreign substances. | | 
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The general colour of the surface of the body resides in the rete mu- 
- cosum, the tint of which is much dependent upon the influence of light: 
the black skin of the African, the brown of the Asiatic and American, 
and the pinkish-white of the European, derive their colour from this 
peculiar secretion deposited between the cutis and cuticle; the nature of 
this substance has not been chemically investigated, but it has been 
ascertained in regard to the black of the negro; that it admits of being 
bleached by chlorine. | | ¥ 

The cutis; or true skin, is of a fibrous texture; and when boiled in 
water is to a great extent soluble; leaving the vascular and nervous fila- 
ments which pervade it; the solution, when slowly evaporated, leaves a 
peculiar animal principle termed gelatin. . 


GELATIN is colotitless; semi-transparent, and nearly tasteless. It is 
softened by long-continued immersion in cold water: in hot water it 
readily dissolves, and forms a solution of a slightly-opalescent appearance, 
_ which, if sufficiently concentrated, concretes on cooling into the tremulous 

mass usually called jed/y, and which is easily soluble in water; when 
dried in a gentle heat, it acquires its original appearance, and is as 
soluble as before. According to Dr. Bostock, 1 part of isinglass dis- 
solved in 100 of water gelatinizes on cooling; but in 150 of water it 
does not concrete. (Nicorson’s Jour., xi. and xiv.) When dry; gelatin 
undergoes no change, but its solution soon becomes mouldy and putres- 
cent. Submitted to the action of heat, it affords the usual products of 
animal substances. 

Gelatin is readily soluble in diluted acids and alkaline solutions: 
(Harcnrrr, Phil. Trans.; 1800.) Its aqueous solution is not affected by 
solution of corrosive sublimate, and few of the metallic salts occasion any 
precipitate in it. Chlorine passed through it occasions a white elastic 
matter to separate, which is not soluble in water, and which in some 
properties resembles albumen. Gelatin is insoluble in alcohol and ether, 
but alcohol does not form a precipitate in its aqueous solution. Solution 
of tannin occasions a white precipitate in solution of gelatin; and hence; 
vegetable astringents, such as infusion of galls or of oak-bark; are 
generally employed as tests for its presence. One part of dry gelatin, 
such for instance as isinglass, may be detected in 5000 of water by a 
Strong infusion of galls: this precipitate when dried at 212° consists of 
about 60 gelatin + AO tannin. But as tannin precipitates albumen, it 
cannot be relied on as an unequivocal test, unless we previously ascertain 
‘the non-existence of albumen by corrosive sublimate. (Bostock, Nichol- 
son’s Journal, xiy. and xxi.) Mr. E. Davy recommends sulphate of 
platinum as a very delicate test of gelatin, with which it forms a brown 
' insoluble compound, in solutions too weak to be affected by vegetable 
astringents. (Phil. Trans., 1820, p. 119.) This is certainly a very deli- 


cate test; and is not affected by albumen. 


_ The action of sulphuric acid upon gelatin has been investigated by 

Braconnot. ‘Twelve parts of powdered glue, and 24 of sulphuric acid, 

were left together for 24 hours; about 60 parts of water were then 

added; and the whole boiled for 5 hours, adding water at intervals; the 

solution was then saturated with chalk, filtered, and suffered to evapo- 
ED dips 
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rate spontaneously. Ina month, crystals were deposited, which, being 
purified by solution and a second crystallization, much resembled sugar 
of milk, though they differed from that substance in affording a peculiar 
acid, called by Braconnot Nitro-saccharine acid, when acted upon by 
nitric acid. (Ann. de Ch. et Ph., xiii.) 

The dilute acids are excellent solvents of gelatin, especially the a 
acetic; these solutions do not gelatinize, but the gelatin is not decom- — 
posed, and reappears with its former properties on evaporating the acid, — 
or abstracting it by an alkali or other base. The caustic alkalis do not © 
materially affect gelatin, but they sometimes render its solutions turbid — 
by decomposing phosphate of lime, which is often contained in it, . 
and which is soluble, to a considersble extent, in solution of gelatin. — 
The equivalent of gelatin has not been accurately determined, in conse> _ 
quence of the indefinite character of its combinations, but calculated in 


reference to the single atom of nitrogen, its composition may be repre- ¥ 
sented as follows* :— 


Gay Lussac and Thenard. 
Carbon a 42 A 48°28 is 47°881 
Hydrogen 7 s Gage 7 ery? 8:04 ae 7914 
Oxygen . 3 ies 24 Be se 27°59 Or 27°207 
Nitrogen. 1 14 a de 16°09 tee 16:998 
Gelatin I 87 100°0 100°000 


The different kinds of gelatin differ considerably in viscidity. Mr. 
Hatchett has remarked that the gelatin obtained from skins possesses © 
a degree of viscidity inversely as their softness or flexibility ; the most : 
adhesive kinds of gelatin, too, are less easily soluble in water than those 
which are less tenacious. The principal varieties of gelatin in common ~ 
use are: 

a, Glue, which is prepared from the clippings of hides, hoofs, San 
obtained at the tan yard; these are first washed in lime water, and after-— 
wards boiled and skimmed; the whole is then strained through baskets, 
and gently evaporated to a due consistency; afterwards it is cooled in- 
wooden moulds, cut into slices, and dried upon coarse net work. Good 
glue is of a semi-transparent and deep-brown colour, and free from clouds 
and spots. When used it should be broken into pieces, and steeped for- 
about 24 hours in cold water, by which it softens and swells; the soaked 
pieces may then be melted over a gentle fire, or in a water bath. and in E 
that state applied to the wood by a stiff br ush. Glue will not harden in 
a freezing temperature, the adhesion depending on the evaporation of its 7 
superfluous water. 

b, Size is less adhesive than glue, and is obtained from parchment=_ 
shavings, fish skin, and several animal membranes. It is employed by 


ae 


* “Gelatin may be considered as the | part of the saccharine principles of 
least perfect kind of albuminous matter | plants, it being distinguished from all 
existing in animal bodies, intermediate, other animal substances by its ready 
as it were, between tlie saccharine prin- | convertibility into a sort of sugar, by 
ciple of plants, and thoroughly de- | process similar to that by which starch a 
veloped albumen. Indeed, gelatin in | may be so converted,” (PRroutT.) 
animals may be said to be the counter- | 


.% 
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bookbinders, paperhangers, and painters in distemper, and is sometimes 
mixed with flour, gum, &c. 

c, Isinglass is prepared from certain parts of the entrails of several 
fish; the best is derived from the sturgeon, and is almost exclusively 
prepared in Russia. It should be free from taste and smell, and entirely 
soluble in warm water, which is seldom the case, in consequence of the 
presence of some albuminous parts. When the jelly of isinglass is con- 
centrated by evaporation and carefully dried, it forms a very choice kind — 
of glue. 

Berzelius, and some other chemists, regard gelatin as a product, and 
as in no case pre-existing in the textures whence it is obtained; they 

consider it as formed by the action of heat on cellular membrane, and 
hence all parts of the body in which cellular membrane exists, may yield 
gelatin by the continuous action of boiling water; the skin, being con- 
densed cellular membrane, is particularly susceptible of this change; 
when gelatin is obtained by the action of acids, and without the inter- 
vention of heat, it is supposed that they also give rise to its formation. 

It is certain that, by long boiling, some animal substances are apparently 
converted into gelatin, in which its pre-existence cannot be demonstrated, 
and it sometimes seems to be more abundantly formed in this way at 
temperatures somewhat above the boiling point of water, than at 212°. 
It is, perhaps, in favour of this opinion, that gelatin is never found 
(except, perhaps, in the urine) in the natural fluids, or secretions of the 

_ body; it was once supposed to exist in the blood, but this has been dis- 
proved. Berzelius compares this production of gelatin to that of sugar 
from gum and starch. L. Gmelin found that a solution of gelatin, sealed 
hermetically in a glass tube, and exposed, for some weeks, to a boiling 
temperature, acquired a brown colour, lost its power of gelatinizing, and 
left a viscid residue on evaporation. 7 


_ Learner is a compound of gelatin and tannin, formed by. steeping 
the skins of animals in the infusions of certain barks, or other vegetable 
_astringents. The skins are previously prepared by soaking in lime- 
water, which renders the cuticle and hair easily separable, and are after- 
wards softened by allowing them to enter into a degree of putrefaction, 
or occasionally by the action of acids. In this state they are submitted 
to the action of infusion of oak bark, or other astringent vegetable 
matter, the strength of which is gradually increased until a complete 
combination has taken place, which is known by the leather being of an 
‘uniform brown colour throughout; whereas, in imperfectly tanned 
leather, a white streak is perceptible in thecentre. A portion of extrac- 
tive matter, and occasionally other substances, enter into the composition 
of leather. Davy found the increase of weight in the skin to vary with 
the tanning material; thus 100 parts of calf skin tanned in concentrated 
infusion of galls increased in weight 64 parts; in a concentrated infusion 
of oak-bark 34 parts; in a weak infusion 17 parts; in concentrated 
infusion of willow bark 34 parts, and in a weak infusion 15 parts; and 
lastly, in a solution of catechu 19 parts. tie 
Tawed leather is made by impregnating the skin, duly prepared by 
washing in potash liquor, with a solution of alum and common salt; it 
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is afterwards trodden in a mixture of yolk of eggs and’ water. The 
alum and salt re-act on each other so as to produce sulphate of soda and 
chloride of aluminum; the latter salt combines with the skin. White | 
glove leather is thus prepared. 3 
_ Wash leather is another important manufacture; in this: the skin, 
after haying been prepared and softened, is imbued with oil, and after- 
wards subjected to a weak alkaline solution. | 
Curried leather is made by besmearing the skin, or leather, while yet 
moist, with common oil, which, as the humidity evaporates, penetrates — 
into the pores of the in, giving it a peculiar suppleness, and making it, 
to a considerable extent, waterproof. As familiar examples of these 
processes, the thick sole leather for shoes and boots is danned; the upper — 
leather is fanned and curried; the white leather for gloves is awed; and 
fine Turkey leather is ¢awed, and afterwards slightly tanned. (Atkins: q 
Dictionary, - Art. LEATHER. ) 


Muscie.—The muscle, or flesh of animals, is a complex texture, in 
which the muscular fibre is conjoined with eerie membrane, nerves 
and vessels, fat, and various fluids. On digesting muscular flesh in re- 
peated portions of cold water, albumen, saline substances, and colouring 4 
and extractive matters are taken up; on ‘heating the solution, the albumen 
is coagulated, and on evaporating the remainder in a water bath, a — 
coloured extract remains, from which alcohol abstracts osmazome* and 
small quantities of saline matter (lactates?) and leaves a portion of ex- — 
tractive and salts insoluble in alcohol. When the part of the muscula 
fibre which i is no longer acted on by cold water, is digested i in hot water 
its cellular substance is removed in the form of Peon and fatty matte 
separates. The insoluble residue is now little else than 1 fi ibrin, and, when E 
dried, presents the characters of that substance as it ig above described . 
amongst the ingredients of the blood. When any of the lean, muscular _ 
parts of animals are carefully dried, they lose greatly in weight by the ~ 
eva oration of water; the residue, composed chiefly of albumen, fibrin, 
and cellular substance or gelatin, may be regarded as the real nutritive” 
matters as articles of food, and it is curious that their relative propor tions | 
are not yery dissimilar in quadrupeds, birds, and fishes, as shown i in the i 
following table. The water was determined by evaporation In Yacuo, 0 ra 
at a temperature below 212°. 


100 parts of Albumen or Total of Hi 
Muscle of Water. Fibrin. Gelatin. Nutritive Matter. 
Boake? 1) hb eyotae, Re ee Ae eae ton te 
Meals 27e . Fee BP atine Men 25 we 
Mutton MRR ¢ Bio or hee 7 29 
is agai bs (Vi cay aan ds 5 94 ‘ 
Chicken 73°. -. 20 7 27 a 
Vodedis) wHe Tso a id 5 21 
Haddock. .82 . . 13 5 te - 
Bole. . -#2 . « 18 6 21 : 


* Osmazome, (from oopn, odour, and | of a yellowish-brown colour, soluble at . 
Copds, broth,) is that product upon | all temperatures in water and in alcohol, 
which the peculiar odour of broth or | and yields a precipitate with infusion of 
soup, and of dressed meat, depends ; it is galls, but does not gelatinize. © 


= 
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It is commonly supposed that the flesh of young animals is much 
more abundant in gelatin than that of old ones, but the fact appears to 
be, that it is merely more soluble and more easily extracted by boiling, 
and in all cases where it is wished to remove from muscle the whole of 
the jelly, simmering at a temperature from 100° to 120° should be pre- 
ferred to boiling, because by a temperature of 212°, the albumen is so 
firmly coagulated as to envelop the gelatin, and protect it from the solvent 
power of the water. 

The action of sulphuric acid on muscle has been described by Bra- 
connot: 30 parts of beef fibre, acted on by as much sulphuric acid, 
yielded a portion of fat, and on diluting the acid mixture, and saturating 
with chalk, filtering, and evaporating, a substance, tasting like osmazome, 
was obtained, which was often boiled in different portions of alcohol: the 
alcoholic solutions, on cooling, deposited a peculiar white pulverulent 
matter, which Braconnot calls leucine, and which, acted upon by nitric 
acid, affords a crystallizable nitroleucic acid. (Ann. de Ch. et Ph., xii. 
118.) See Broop. 


Farr, as already stated, consists chiefly of a substance having the 
properties of coagulated albumen, and analogous in that respect to the 
cuticle; but hair also yields more or less gela in when boiled with water, 
and the soft silky hair, which easily loses its curl, and is very susceptible 
of changes in the humidity of the atmosphere, yields gelatin more readily 
than that which is harsh, strong, and elastic. (Harcnert, Phil. Trans., 
1800.) Vauquelin also discoyered in hair two kinds of oil; the one 
white, and existing in all hair; the other coloured, yellow from red hair, 
and dark coloured when obtained from dark hair. Black hair also con- 
tains iron and sulphur. He supposes that where hair has become sud- 
denly gray, the effect is produced by the evolution of acid matter, which 
has destroyed the colour of the oil. : 


Mempranes, Ligaments, Trnpons, and some other similar textures, 
differ from horn, and from indurated cuticle, and also in some respects 
from cartilage, properly so called, by yielding gelatin when boiled. 


§ VIL: Animan Far. 


In its general characters and composition, the fat and oil of animals 
resembles that of vegetables; it is of various degrees of consistency, and 
contains stearin, margarin, and elain, in yarying proportions; the action 
of alkalis upon these substances, and the properties of the acids and 
compounds thence resulting, are also in all respects similar to those of 
the vegetable oils, under the history of which much respecting the animal 
oils has been necessarily anticipated (p. 1128). The different degrees of 
consistency of these fats are seen in tallow, lard, and oil; when pure, 
they have, for the most part, little taste or smell; but by keeping, they 
become rancid and somewhat sour. The products of their combustion 
and destructive distillation also agree with those of vegetable oils, pro- 
vided they are free from cellular, or as it is here called adipose membrane, 
from which they may be separated by cutting them, if necessary, into 
small pieces, and boiling them in water; the fat separates and tloats upon 
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the surface, where it concretes on cooling; the foreign matters sink, or 
are dissolved in the water. For our knowledge of the principal charac- 
ters of these substances, we are indebted, as already stated, to the labori- _ 
ous accuracy of Chevreul. I shall only here advert to such properties of 
these fats and oils as have not been above detailed, or to such of them as" 
present distinctive peculiarities. i 


Homan Far is soft, yellowish, inodorous, and varies a little in differ- 
ent parts of the body; that from the region of the kidneys, when fused, 
begins to concrete at 76°, and is solid at 64°. It is soluble in 40 parts 
of boiling alcohol of 0:821, and on cooling, the solution deposits stearin, 
which, after having been pressed between folds of blotting paper at 78°, 
is colourless, fusible at 122°, and may be cooled to 106° before it begins — 
to congeal; its temperature then rises to 120° from the evolution of — 
latent heat. 100 parts of boiling anhydrous alcohol dissolve 21°5 of this ¥ 
stearin, of which the greater part separates, on cooling, in acicular cry- _ 
stals. The elain of human fat is a colourless, inodorous oil, which retains _ 
its fluidity at 40°; its specific gravity is 0-913 at 60°; it has a sweetish 
taste. 100 parts of boiling alcohol dissolve 123 of this elain, and the 
solution becomes turbid when it has cooled to 170°. 


Hoes’ Larp is soft, white, and fusible between 78° and 86°. Its spe- 
cific gravity at 60° is = 0-938, and at 120° = 0-891. When subjected 
to powerful and continued pressure at 42°, between folds of bibulous 
paper, it yields, according to Braconnot, 0-62 of its weight of a colourless _ 
elain, the specific gravity of which, according to Chevreul, is 0-915. 100 
parts of boiling alcohol dissolve 123 of this elain, and the solution begins — 
_ to grow turbid at 144°. The residuary stearin (0-38) is inodorous, dry, — 
and granular; when fused, it remains liquid till its temperature sinks to 
100°; on congealing, it rises to 109°. When hogs’ lard has become _ 
yellow and rancid by exposure to air, it reddens litmus, and contains a _ 
volatile acid resembling caproic acid (p. 1356). 


Ox Fat, after fusion, begins to congeal at 98°, and the temperature 
then rises to 102°. It is soluble in 40 parts of boiling alcohol of 0-821, 
and contains about three-fourths its weight of stearin, which is hard, _ 
white, and of a granular crystalline texture; it does not fuse below 112°. 
and then may be cooled to 102°, when on congealing it rises to 112°. It _ 
is translucent, and not greasy, and burns like white wax. 100 parts of 
anhydrous alcohol dissolve 15:48 of this stearin; when saponified, it 
yields 0°951 of adipose acids. The elain of this fat is colourless, and 
neatly inodorous: its specific gravity 0-913. - 100 parts of boiling 
anhydrous alcohol dissolve 123-4, and it yields by saponification 0-966 } 
of fat acids. oe 

After the hair and hoofs have been removed from the feet of oxen, 
they yield, when boiled with water,.a peculiar fatty matter, called neat’s- 

foot oil: it is not subject to rancidity, and remains fluid at 32°. After 
part of its stearin has been abstracted, it is used for various ‘purposes, 
and among them, for oiling steeple clocks, which require, in consequence 
of the cold to which they are exposed, an oil not liable to solidify, 
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Mutton Fat, in external characters, resembles that of oxen, but 
it is whiter, and acquires a peculiar odour by exposure to air. When 
melted, it sometimes begins to congeal at 98°, and the temperature then 
rises to’ 102°, or it congeals at 104°, and then its temperature only rises 
to 105° or 106°. It is soluble in 44 parts of boiling alcohol of 0-821. 
Its stearin is white and translucent, and very imperfectly crystalline 
after fusion. 100 parts of boiling anhydrous alcohol dissolve 16-09 
parts. Its elain is colourless; specific gravity = 0-913. 100 parts of 
anhydrous alcohol, at 168°, dissolve 80 parts*. ‘ 

These two fats are highly important, from their application to the 
manufacture of soap and of candles: and of late the stearin has been 
employed for the latter purpose, which, fused. with from one-fourth to 
one-eighth part of wax, yields a compound very little inferior to wax, of 
which the best and genuine composition candles are made. Under this 
term a variety of very inferior articles are sold at comparatively low 
prices, which have tended to bring this important manufacture into some 
degree of discredit; and the art of preparing stearin by cheap, and at the 
same time effective processes, is not as yet very perfect; but this appli- 
cation of it is daily improving, and promises to place the art of making 
candles not low upon the list of those which have been enlightened and 
improved by the labours of the chemist. (See page 1137.) 


Goats Fat is characterized by its peculiar capreous odour, arising 
from its containing a peculiar fat, which Chevreul has termed hzrcin, and 
which, on the separation of its tallow into stearin and elain, accompa- 
nies the latter, and cannot be perfectly separated from it. During the 
saponification of its elain, a liquid acid of a strong goaty odour is 
formed: it may be obtained by saponifying 4 parts of goat fat with 1 of 
hydrate of potassa and 4 of water, diluting the soap with more water, 
and decomposing it by phosphoric or tartaric acid, washing the evolved 
fat acids, and distilling the sour water and washings; if a drop of the 
distilled product, evaporated upon a platinum leaf, leaves any residue, it 
must be redistilled; the product is then to be saturated by hydrated 
baryta, evaporated to dryness, and decomposed by distillation with equal 
parts of sulphuric acid and water: the hircic acid then passes over in 
the form of a colourless volatile oil. 

Hircic Acid has a capreous and acetic odour, reddens litmus, and 
dissolves difficultly in water, and easily in alcohol. It forms distinct 
salts with the bases; hircate of ammonia is peculiarly odorous; hircate of 
potassa is deliquescent; hyrcate of baryta is difiicultly soluble. 


Train Or. Waar Ow.—Common whale oil has a specific gravity 
= 0:927 at 68°; at 32° it deposits stearin, and the remaining oil is then 
soluble in 0°82 of its weight of absolute alcohol at 168°. It is easily 


* When mutton or beef suet is dis- | crystallization; it forms colourless, fusi- 


tilled, and the product washed with hot 
water, it dissolves a peculiar acid, which 
is Thenard’s sebacic or sebic acid. The 
solution is precipitated by acetate of lead, 
and the resulting sebate of lead decom- 
posed by its equivalent of sulphuric 
acid; the sebic acid is then purified by 


ble, and volatile acicular crystals; more 
soluble in hot than in cold water, and 
very soluble in alcohol. The sebates of 
ammonia, potassa, and soda, are soluble; 
those of lead, mercury, and_ silver, are 
insoluble. : 
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saponified, yielding a brown soluble soap, which, decomposed by tartarie 


acid, affords fat acids and glycerin, together with traces of phocenic acid, 
The stearin of train oil congeals, after fusion, at between 70° and 80°. 
It dissolyes in 1:8 parts of boiling anhydrous alcohol, from which it cry- 
stallizes on cooling, leaving a brown mother liquor. a 


Spermaceti O1n.—The oil of the spermaceti whale is more pure, and 
burns more perfectly and more brilliantly in lamps than common whale 
oil; it deposits, as it cools after the death of the animal, a crystalline 
fatty substance, called spermaceti, which is purified by pressure, and 
boiling in weak solution of potassa; it is then washed, fused in boiling 
water, and cast into blocks or cakes, which exhibit a beautiful lamellar 
crystalline texture, especially when the interior liquid part is suffered to 
run out of the exterior concrete case. It has a greasy feel. Its specific 
gravity is about 0:94; it fuses at 112°. 100 parts of boiling alcohol of 
0°821 dissolve 3:5 parts, of which 0°9 fall on cooling. Its solution in hot 
ether congeals on cooling. It dissolves in the hot oils. When common 


spermaceti is triturated with alcohol, a little oily matter is abstracted; 


and when the whole is removed, the residuary pure spermaceti hay been 
termed by Chevreul cetin. , 


Crtin fuses at 120°. 100 parts of boiling absolute alcohol dissolve 
15:8 of cetin, but alcohol, of 0-831, only 3 parts; the greater part sepa- 
rates on cooling in pearly scales. Acids act upon it as on other fats. It 
is difficultly saponifiable by the hydrated alkalis. Digested for several 


fat, which Chevreul terms ethal. On decomposing this soap by an acid, 
ethal, and oleic and margaric acids separate, amounting together to 1016 
parts from 100 of cetin; of this 60°96 parts consist of fat acids, and 
40:64 of ethal: no glycerine is produced, but 0-9 of a yellowish extractive 
matter; nor is any yolatile acid formed. y 

Cheyreul, Saussure, and Berard have analyzed cetin and ordinary 
spermaceti, and Dr. Ure spermaceti oil, with the following results:— 


Cetin. Spermaceti. Spermaceti. Spermaceti Oil. 
Chevreul. Berard. De Saussure, Ure. 
Carbon . 81660 .°...° 99:5 9. 2 9G474 ©. 5 FRO0 
Hydrogen 12°862.. . 116 . . 12°795 . . 11°80 
Oxygen (4; #498 .« ¢ 18D)... . 4.302 


Erna is obtained by saturating the fat acids resulting from the 
decomposition of spermaceti soap with hydrated baryta, washing away 
all excess of baryta, drying the residue, and digesting it in cold alcohol 
or ether, which dissolves the ethal and leaves barytic soap. The ethal 
remains, on distilling off the alcohol, in the form of a solid transparent 
crystalline fat. Ethal may also be obtained by adding 1 part of caustic 
potassa, in small fragments, to 2 parts of fused spermaceti, and stirring 


the mixture till the combination is complete; a solid soap is thus formed, ! 


which may be decomposed by slight excess of hydrochloric acid, when the 


ethal and free acids separate, and form, when gently heated, an oily 


layer upon the surface, which is to be poured off and again saponified, in 


CETENE. 1403 


order effectually to decompose all remaining spermaceti, decomposed by 
hydrochloric acid as before, and the ethal and acids poured off and mixed 
with excess of slaked quicklime: the mixture of calcareous soaps and 
ethal, thus obtained, is digested in alcohol, which takes up the ethal and 
leayes it on distillation: it may be finally purified by solution in ether, 
and subsequent evaporation or distillation. It is tasteless and inodo- 
rous, and concretes, when fused alone, at 118°, but if fused with water, 
at 124°. It is volatile when distilled either alone or with water, and in this 
way it may be purified; it burns like wax. It dissolves in all proportions 
in alcohol of 0°812 at 128°, and separates, on cooling, in lamellar crystals. 
It is decomposed when heated with sulphuric and nitrie acid. It does 
not combine with caustic potassa, when pure, but when mixed with soap 
it forms a milky fluid, which leaves, upon a filter, a mixture of ethal, 
with margarate and oleate of potassa, exactly resembling hydrated alu- 
mina. According to Cheyreul’s analysis, ethal consists of 

Cheyreul. 
Mee. bhe... 96). ..° I98 . .~ «797660 
feperomen 47. . IF . .> Wak... 180462 
Meyer . le. . UBL | 6K. wt e888 


Li {Etherine 4c hy ER 
be | Water oy) Mears 9 
Ethal 1 121 1000". 1€0°0000 Ethal 1 121 
_ Cetene.—By distilling ethal with pure phosphoric acid, Dumas and 
Peligot succeeded in abstracting its water, and obtaining its hydrocarbon 
in a free state; it passed over in the form of an oily liquid more volatile 
than ethal, and yielding a vapour of the density of 7:846, whence they 
infer that it is a distinct form of hydrocarbon, consisting of (sh+ 16CAP), 
so that 1 volume of its vapour would include 16 volumes of hydrogen 
and 8 yolumes of carbon vapour. To this compound they have given 
the name of Celene. (Ann. de Ch. et Ph., uxii..1.) Its equivalent is 
112; and ethal is a monohydrate of celene, or 112+9=121. 
Cetene is a colourless, tasteless liquid, leaving a greasy stain on paper, 
and of an oily aspect: it boils at 528° (275° Cent.), and distils unaltered; 
it is insoluble in water, very soluble in alcohol and ether, and inactive 


upon test papers. It burns with a pure white flame. As it does not 


eongeal, and is apparently unchanged by exposure to air, it would proba- 
bly furnish a valuable substitute for oil, as applied to watches and clocks. 

Sulphocetic Acid.—When ethal and sulphuric acid are heated in a 
water bath, they combine, and on dissolving the product in alcohol and 
saturating the solution with an alcoholic solution of potassa, sulphate 
of potassa is deposited, and sulphocetate of potassa and ethal remain dis- 
solved: on filtering and evaporating the liquid, crystals are obtained, 
which must be redissolved in absolute alcohol, to separate adhering sul- 
phate of potassa, and recrystallized: this product is then triturated with 
sulphuric ether, to remove any remaining ethal, and pure sulphocetate of 
potassa remains. It is a white nacreous salt. S 

According to Dumas and Peligot, an atom of spermaceti is so consti- 
tuted as to be represented by 2 atoms of margarate of cetene+ 1 atom 
of oleate of cetene. 


Porroisr Or.—The oil of the Delphinus phocena, and Delphinus 
globiceps, has been examined by Chevreul. When saponified it yields 
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a peculiar fat acid, which has been termed phocenic, or delphinic acid. 
This acid is best ebtained from that portion of porpoise oil which remains 
dissolved in cold alcohol of 0°825. It is saponified, and a phocenate of 
baryta formed, 100 parts of which are decomposed by 205 of phosphoric 
acid, of 1°12 specific gravity, or by 23:4 parts of sulphuric acid, diluted 
with twice its weight of water, when nearly the whole of the phocenic 


acid separates. This acid exists in spermaceti, and in the berries of the ~ 


Viburnum opulus. 

Phocenic acid resembles a volatile oil, retaining its fluidity at 15°; 
although its boiling point is above 212°, it volatilizes in the air; it has 
a rank and acetic odour and acrid taste. Its specific gravity is 0°932 at 
77°; water at 88° only dissolves an eighteenth part of its weight; alcohol 
of 0°795 takes it up in all proportions. Anhydrous phocenic acid consists, 
according to Chevreul’s analysis, of 

RIATDON Wee's ye cs ene ER kein oT Le), ae 


Hydrogen .- 8.18 a see ee 
Oxyoen iis Pee EL es BPG oer oii,’ Oe ite eine 


Anhydrous phocenic acid « | 183 100-0 


It appears, however, that in the neutral phocenates, the oxygen in 


the acid is to that in the base as 3 to 1, so that the above equivalent is 


doubled in reference to that of the bases. When the phocenates are 


heated, they exhale an aromatic odour, and yield, on distillation, an oily 
liquid, insoluble in potassa. The phocenates of potassa, soda, and stronlia 
are deliquescent; phocenate of baryta yields efflorescent crystals, soluble 
in their weight of water. Phocenate of lead is soluble, but during the 
evaporation of its solution passes into a difficultly-soluble subsalt. 

Phocenine is the term applied by Chevreul to that part of the oil 
which yields phocenic acid, and which is separated, by boiling alcohol, 
from the common fats. 


Fat oF Brros.—Goose fat is-colourless, and of a peculiar taste and 
odour; when fused, it congeals at 80° to a buttery consistence; subjected 
to pressure at 30°, it yields 0°68 elain, and 0°32 stearin, fusible at 112°. 
Ducks’ fat fuses at 76°, and yields 72 elain and 28 slearin, fusible at 
120°. Turkeys fat yields 74 elain and 26 stearin, fusible at 112°, 


Fat or Insects.—Many insects contain more or less fat, but its pecu- 


liarities have been but little examined. The fatty matter of cochineal 
(Coccus cacti) has been examined by Pelletier and Caventou. (Ann. de 
Ch. et Ph., viii. 271.) It is obtained by digesting cochineal in ether, 
evaporating, and dissolving the residue in hot anhydrous alcohol, which, 
on cooling, deposits the fat; this solution must be repeated till it is 
colourless. The fat of the Coccus polonicus crystallizes like spermaceti. 
Cantharides also contain a fatty matter, and an acrid principle, or 
cantharadin. If the watery extract of these insects be digested in 
alcohol, a tincture is obtained, which, by slow evaporation, yields a 


resinous residue; if this be digested ; in ether, it forms a yellow solution; — 


by spontaneous evaporation it deposits crystalline plates, which may be 
freed from some adhering colour by alcohol; they resemble spermaceti in 
appearance, and are soluble in boiling alcohol, but precipitate as it cools. 
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They are insoluble in water. Besides this peculiar principle, cantharides 
contain a green inert oil, soluble in alcohol; a black matter, insoluble in 
alcohol, but soluble in water; a yellow substance, soluble in both; a 


considerable portion of uric acid; a little acetic acid, and phosphates of 
lime and magnesia. 


Eaas*.—The yolk of the hen’s egg contains about 30 per cent. of oil. 
When the yolk is digested in alcohol a yellow solution is obtained, which - 
deposits a crystalline fat, and leaves, on evaporation, a yellow viscid oil, 
which easily becomes rancid. The insoluble residue is white and pulve- 
rulent, and consists chiefly of albumen, but contains a considerable 
portion of phosphorus in some peculiar state of combination. 


Ampercris, which is a concretion from the intestines of the sperma- 
ceti whale, also contains a considerable portion of fatty matter, amount- 
ing, in some specimens, to 60 per cent., which, according to Chevreul, 
resembles cholesterine. Pelletier and Caventou have given it the name of 
Ambreine, and it is stated to be convertible by nitric acid into a peculiar 
body, which they have called ambreic acid. It is only found in the 
unhealthy animal. (Homr’s Lectures on Comparative Anatomy, vol. 1., 
p. 470.) Benzoic acid has been found in some specimens of ambergris; 
in others, equally genuine, there are no traces of it. 

Musk, castor, and civet, exclusive of their peculiar and odorous 
principles, contain distinct species of fat. 


INTESTINAL CoNCRETIONS sometimes bear a resemblance to gall- 
stones, but they often contain peculiar substances, or are formed 
upon extraneous nuclei. Dr. Ure has described one resembling am- 
bergris. (Dict., Art. InrestinaL Concretions.) The Oriental Bezoar 
stones are also apparently of this description. Intestinal concretions 
are not uncommonly formed upon fruit stones, and seem to be peculiarly 
frequent where the diet has consisted of oatmeal. One examined by 


* The changes which the egg under- 
goes during incubation, have been inves- 
tigated by Dr.Prout. (Phil. Trans., 1822.) 
New-laid eggs are somewhat heavier 
than water, but gradually become lighter 
by the evaporation of water and substi- 
tution of air, through the shell. When 
an ordinary sized egg is boiled in water 


it loses about three-tenths of a grain, 
consisting of the sulphates, phosphates, 


and carbonates of lime and magnesia, 
animal matter, and free alkali. Of an 
egg which weighs 1000 grains, 106°9 parts 
constitute the shell, 604:2 the white, and 
288-9 the yolk. The shell contains about 
2 per cent. of animal matter, | of phos- 
phate of lime and magnesia, and the 
residue is carbonate of lime with a trace 
of carbonate of magnesia. The phospho- 
rus contained in the yolk yields the 
phosphoric acid requisite for the bones 


of the chick, but the source of the lime 


for that purpose is not obvious; Dr. 
Prout could not detect it in the soft 
parts of the egg, and there is no apparent 
vascular connexion between the chick 
and the shell. 

The eggs or roe of fish contain also a 
considerable proportion of oil. The 
roe of the sturgeon, which, when salted, 
is known under the name of caviar, 
contains 6:2 albumen; 4°3 fat; 24°3 co- 
agulated albumen and membrane; 6°7 
common salt; 0°5 phosphate of lime and 
oxide of iron; 0°58 water. (Joun.) The 
melt, or soft roe of the male fish, re- 
sembles in composition the liver or the 
brain; it yields an emulsion with water, 
containing fat and albumen, and, when 
incinerated, much phosphoric acid is 
found in the coal. The liver of many 
fish is abundant in a peculiar kind of 
oil; that of the cod-fish yields it in con- 
siderable quantity. 
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Mr. Children (Phil. Trans., 1822) consisted of animal matter, chiefly 


gelatine, 25:20; resin 3°90; ammonio-magnesian phosphate 5°16; phos 
phate of lime 45: 34; vegetable fibre 20°30. 


Alvine calculi Have sotnetimed’ a peculiar softness upon the surface — 


resembling velvet. One of these was found by Dr. Wollaston to consist 
of extremely minute vegetable fibres, or short needles, pointed at both 
ends, which he immediately conjectured to arise from some kind of food, 
For some time, however, he failed in his attempts to trace this substance 


to its origin; but Mr. Clift, of the College of Surgeons, to whom the — 


subject was mentioned in conversation, having put “the question whether 
this fibrous substance might not proceed from oats, Dr. Wollaston was 
induced to examiné the structtire of this seed; and tlie result fully 
verified Mr. Clift’s conjecture. In Dr. AtexanperR Monro’s Morbid 


Anatomy of the Gullet, mention is made of 42 alvine concretions collected — 


by the author’s father, which were examined by Dr. Thomson. Their 


ae (with one exception, similar in all) is described by Dr. Monro # 


‘as more or less porous, and somewhat like to dried sponge, and when 


examined by the aid of a magnifying glass, seems to be made up 


of a number of very small fibres intimately interwoven with each other, 


P 


like those in a hat, or in chamois leather: and the interstices between — 
the fibres are filled up with earthy matter.” And he adds, “in the centre ‘ 
of the concretion, a prune or a cherry stone, or a small piece of bone, or 


a biliary calculus, is generally found.” 


Brain.—The substance of the brain, nerves, and spinal marrow, 
contains fat, together with albumen and phosphorus. When boiled in 
alcohol it furnishes a peculiar fatty matter, which the solution deposits 
as it cools, in brilliant scales. It requires a higher temperature than that 
of boiling water for its fusion, and appears, in many respects, analogous 
to cholesterine. The same substance is often seen in the alcohol employed 
to preserve anatomical preparations of the brain and nerves. 


According to Vauquelin, the cerebral substance consists of water 


80:00, white fatty matter 4°53, red fatty matter 0°70, albumen 7-00, 


ozmazome 112, phosphorus 1°50; acids, salts, and sulphur 5-15. <Accord- 


ing to Couerbe, the crystalline fatty matter of the brain is partly 


cholesterine. Te considers the proportion of phosphorus in the brain - 


of persons of sound intellect to amount to from 2 to 2°5 per cent., 
but he asserts that this element is in deficiency in the brain of idiots, and 
in excess in that of maniacs; amounting in the former to not more than 
1 to 1°5 per cent., but in the latter to as much as 3, 4, and even 45 per 


cent. If this statement be verified by extended inquiries, it appears to | 


include a most important physiological fact. 

A large concretion, weighing 54 grammes, of the size of a hen’s egg, 
found in the right ventricle of the brain of an old horse, consisted of 
cholesterine 58, membrane and albuminous matter 39:5, subphosphate of 
lime 2°5. It produced no observable symptoms. (LASsaigna, Ann. de 
Ch; et Ph.; txii. 222:) 


CrRUMEN, or the waxy secretion which lines the external tube of the 


ear, has been examined by Vauquelin, and more in detail by Berzelius. 


(Thier-Chemie: Lehrbuch, iv.) According to Vauquelin, it contains — 
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0-625 of a brown; buttery oil, soluble in alcohol, 0°375 of an albuminoid 
substance, and a bitter extractive matter. According to Berzelius, it is 
a compound of a soft fat, with albumen and another peculiar principle, 
a yellow bitter extract soluble in alcohol, an extract soluble in water, 
with alkaline and calcareous lactates; but it contains no chloride, and no 
soluble phosphate. 


$ VIII. Suert anp Bonz. 


_ Weare indebted to Mr. Hatchett for two excellent dissertations on the 
chemical properties of these parts of animals, published in the Philoso- 


phical Transactions for 1799 and 1800. He has divided shells into two 


classes ; the texture of the first is compact; brittle, and resembling porce- 
lain; their surface is. smooth, and they are often beautifully variegated. 
When exposed to a red heat they crackle, and lose the colour of their 
enamelled surface, emitting scarcely any smoke or smell. They dissolve 
in dilute hydrochloric acid with copious effervescence, and form a trans- 
parent solution, in which neither pure ammonia nor acetate of lead pro- 
duces any precipitate, but carbonate of ammonia throws down carbonate 
of lime. Hence these, which are called porcellaneous shells, may be 
considered as composed of carbonate of lime, united to a very small 
portion of gelatine: most of the univalve shells, such as whelks, limpets, 
cowries, and many of the beautiful convoluted shells of tropical countries, 
belong to this class. 

The second class, or mother-of-pearl shells, are tougher, glossy, and 
iridescent; they are mostly bivalves, and all the oyster and muscle species 
belong to it. When heated they exhale smoke and the smell of burned 
horn; immersed in hydrochloric acid, they only partially dissolve, and 
leave a series of cartilaginous layers, and an outer epidermis. Hach 
membrane appears to have a corresponding stratum of carbonate of lime, 
the solution indicating no trace of any phosphate. The animal part is in 
some cases, as in mother-of pearl, tough and indurated, and, when dried, 
becomes exactly like horn; in othér instances, asin the bone of the 
cuttle fish, it appears in the form of delicate and tender membrane. 

In both classes of shells, therefore, the hardening principle is carbo- 
nate of lime; in porcellaneous shells there is very little animal matter, 
which is gelatine; and in mother-of-pearl shells, it is albumen, and in 
larger quantities. 

Pearls are exactly similar in composition to what is termed mother-of- 


pearl, in which Mr. Hatchett found carbonate of lime 66, albumen 24. 


Corals or Zoophytes, according to Mr. Hatchett’s researches, may be 
divided into four classes: 1. The first class resembles porcellaneous shells ; 
they consist entirely of carbonate of lime, with a very minute quantity of 
gelatinous matter; of this the common white coral (Madrepora virginea) 
isan example. 2. The second consists of carbonate of lime, and a car- 
tilaginous substance, and is therefore analogous to mother-of-pearl shell; 


to this class belong the Madrepora ramea, and Madrepora fascicularis. 


3. The third class is composed of a cartilaginous matter, with carbonate 
and phosphate of lime; to this belongs the red coral. (Gorgonia nobilis.) 
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4, The fourth class contains sponges, composed almost entirely of animal 
matter (Phil. Trans., 1800). 


Bone AND Ivory, like the preceding substances, are essentially com- 


posed of soft and hard parts. When ground bone is digested in warny — 


water, a portion of fat is first separated, and by long-continued ebullition; 


a solution which gelatinizes on cooling is obtained. If fresh bone be 


immersed in diluted hydrochloric acid, the fat, gelatine, and bony matter — 


are dissolved, and a kind of skeleton of the bone remains in the form of 


a cartilaginous substance, which, when dried, exactly resembles horn. It — 


appears, therefore, that the soft parts of bone are, fat, gelatine, and 
albumen. 


The earthy salts, which constitute the hardening principle of bone, _ 


are phosphate and carbonate of lime, with a minute quantity of sulphate 


of lime, and traces of phosphate of magnesia. Fourcroy and Vauquelin 


obtained from ox bones, animal matter 51:0, phosphate of lime 37-7, 
carbonate of lime 10°0, phosphate of magnesia 1°3._ According to Ber- 
zelius, 100 parts of dry human bones contain 33°3 animal matters, 51-04 
phosphate of lime, 11:30 carbonate of lime, 2 fluate of lime, 1:16 phos- 


_ phate of magnesia, soda, chloride of sodium, and water 1-2. ‘Traces of — 


alumina, silica, manganese, and iron, were discovered in bones by Four- 
croy and Vauquelin, and of sulphate of lime by Hatchett. 

The enamel of teeth is perfectly destitute of cartilage, and consists 
chiefly of phosphate of lime and a portion of gelatine. Mr. Pepys found 
its component parts, phosphate of lime 78, carbonate of lime 6, gela- 
tine 16. 


The same chemist has given the following as the composition of the - 


teeth. (Fox, Onthe Teeth.) 
Roots of Teeth of First Teeth 
the Teeth. Adults. of Children. 
Phosphate of lime . 58 . . 64 .. 62 
Carbonate of imme, ., 4.5 7°76. 3 2 a6 
Cartilage 72.0". S265. 20, ae a0 
Water.and loss’. 4°10"... 3) 10 26 S12 


100 100 100 


The difference between the structure and composition of the enamel. 


and bone of teeth, is well illustrated in the teeth of some of those grami- 
niyorous animals, in which the enamel, instead of being external, alter- 
nates in layers with the bone: the section, for instance, of the elephant’s 
tooth exhibits three distinct substances, namely, a hard and a softer 
bone, and an enamel; when steeped in dilute hydrochloric acid, the 
latter is entirely dissolved; the bony portions leave variable proportions 
of cartilage. 

We have as yet but few accurate comparative analyses of the bones of 


different animals. In human bone carbonate of lime is much more © 
abundant, according to Berzelius, than in that of the ox: the relative pro- — 


portions of these salts also vary considerably in other cases, as is shown 


in the following analyses of the earthy residue of different bones, by De — 


Barros. (BrErzextus’s Lehrbuch.) 
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: Phosphate of Lime, Carbonate of Lime, 
Lion : = : : 950 re pa) 
Sheep : . ; 80 0 ore 19°3 
Hen : ° DAES 5 88°9 A Nae 10°4 
Frog ‘ . es - 95°2 amexe 2°4 
Fish : atest: te OES ge 53 


The bones of fish appear, in almost all cases, to contain much less 
earthy matter than those of quadrupeds or birds. According to Chevreul, 
the bones of the head of the cod contain, animal matter and moisture 
43-94, phosphate of lime 47:96, carbonate of lime 5:50, phosphate of 

magnesia 2°00, soda-salts, chiefly chloride, 0°60. The bones of the had- 
dock contain, accorditig to Dumenil, aninial matter 37°63, phosphate of 
lime 55°26, carbonate of lime 6°16, traces of soda, salts, ne loss, 1°22. 

The Beribaindis: part of the bone is that which is first formed, as 
seen in the phelelons of young animals; and in the case of a bone being 
broken, the animal portion is first secreted, and it is gradually hardened 
by the deposition of the earthy salts, so as perfectly to reunite the frac- 
tured extremities; it is stated by Lassaigne, that in the newly-formed 

bone, phosphate of lime at first predominates; but that when the new 
portion is perfected, it contains the same relative proportions of phosphate 
and carbonate as those of the original bone. 

The bones, including their animal matter, are the most durable por- 
tion of the animal fabric, hence the proposal of storing them up as occa- 
sional sources of nutriment; for not only is the cartilaginous portion 
unimpaired in bones which have been kept dry for many years, but it has 
even been found perfect in bones of apparently antediluvian origin. . The 
best mode of extracting the nutritious part of the bone for human food 
‘consists in grinding it fine, and subjecting it with water to a heat of about 
220°, in a digester; or the earthy part may be removed by hydrochloric 
acid. When dogs, and some other animals, are fed on bones, the nutritive 
portion is effectually abstracted by the gastric juice, and the excrement, 
in such cases, is almost entirely phosphate and carbonate of lime, forming 
the Album Grecum of old pharmacy. 

When bones are submitted to destructive distillation, the gelatine and 
albumen which they contain is abundantly productive of ammonia; water 
and carbonic acid are also formed, and a portion of foetid empyreumatic oil. 
There remains in the vessel a quantity of charcoal mixed with the earthy 
substances, which is, in that state, called ivory black. It is employed 
as the basis of some black paints and varnishes, and when freed of phos- 
phate of lime by digestion in dilute hydrochloric acid, is applicable to 
-Imany useful purposes in the arts, as a variety of animal charcoal. 


§ IX. Anrmat Functions. 


_ Cuemistry has hitherto done little towards elucidating the functions 
of animals, and it is scarcely possible to describe the little that has been 
done, without such frequent reference to anatomical and physiological 
inquiries as would be irrelevant to the present work: I shall, therefore, 
only enumerate the principal chemical phenomena that haye been experi- 
‘Mentally illustrated, in relation to this subject. 
F 4Z 
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Digestion is a process by which the food of animals is converted, bps 
a series of successive changes, into chyle, and which, in conjunction with i 
Penitonen tends to the production of.blood. The niechinatete by which — 
this important function-is carried on differs considerably in the different — 
classes of animals: the present remarks will relate chiefly to man, and to 
the carnivorous tribe. 
_ The food of all living beings is necessarily of organic origin, stall 
deriving it from animal, some from vegétable sources, arid some from both? 
But all organic pitbatariées are not equally susceptible of digestion, ad 
this is especially the case with those belonging to the vegetable kingdom s 
and as one of the functions of the stomach and intestines consists im 
separating the nutritive and digestible from thé indigestible substances, 
those organs are generally more complicated and eeinndelia in gratiinie 
‘vorous than in carnivorous animals. The most nutritive and oft 


principles of vegetables, are those which include nitrogen as one of theit 
elements, such as albumen, gluten, and perhaps a few variéties of extrac- 
tive matter; they bear some resemblance, in tliis respect, to —- 
products. Yet it is also to this class that the most virulent poison 
belong; so that the existence or non-existerice of nitrogen is far from a i 
criterion of their fitness or inaptitude for food. Starch, gum, and sugary 
are also generally regarded as highly nutritive prindiples and they are so 
in. conjunction with the former, or with animal food; but these, and 
other substances destitute of nitrogen, are not alone éaipabile of indefi- 
nitely supporting the life: of gramino-carnhivorous tribes; and it is 
doubtful how far graminivorous animals can continue to exist upon them: 
The experiments of Majendie, and of Tiedemann and Gmelin, upon these 
subjects, should be consulted; they seem to show the Curious fact that 
no single substance is adapted to animal sustenance, for geese fed upon 
gum died on the sixteenth day, those fed upon starch on the twenty= 
fourth day, and those fed on boiled white of egg on the forty-sixth day: 
in all these cases they dwindled away, and died as if of starvation. a 

Woody fibre is generally regarded as indigestible, and many of its 
modifications, in their ordinary states, certainly are so, for they pass 
through the stomach and bowels unchanged; but when minutely divided; 
or modified by heat, or in the attenuated state in which lignin exists im 
certain roots and fruits, it probably is more or less digestible. Resins, 
and analogous substances insoluble in water, are also unfit for food? — 
Vegetable acids, alcohol, certain aromatics, and oils, are rather to be 
considered as eqndi ments. and stimulants, and so far essential to digestion; 
than as contributing to the direct nutritive power of food. Among 
animal substances, hair, feathers, the shells of insects*, and a few other 
products, belong to the class of eects indigestibles. 

The food, duly masticated in the mouth, and blended with a consi-. 
derable portion of saliva, is propelled into the stomach, where it soon 
undergoes a remarkable change, and; in the course of a few hours, is 


* Odier has applied: the term Chitin, | however; from Mr. Hatchett’s boi pebaee 
(from xtrev, a coat of mail ,) to the hard | ments, to be modifications of indurated. 
shells, and elytra of insects, or to the } albumen, analogous to scales, feathers, 
most insoluble parts: they would appeey, | nail, horn, &e, ~ 


ANIMAL FUNCTIONS, 1411 
converted into an apparently homogenous pulpy mass, which has been 
termed chyme, and which has little or no resemblance to the original 
food. This very curious change is only referable to the operation of the 
gastric juice; the remarkable property of living substances to resist its 
action is curiously illustrated by the circumstance that the stomach itself, 
after death, is occasionally eaten into holes by it; it coagulates albu- 
minous substances, and afterwards softens and dissolves the coagulum. 
Although animals drink copiously with theit food, the consistency of 
the chyme is not apparently much affected by it, and by the time that ig” 
_ reaches the right; or pyloric extremity of the stomach, the greater part of 
the liquid has disappeared. Sir Everard Home has shown that the liquids 
aré removed by absorbents belonging principally to the left, or cardiac 
portion of the stomach, and that during digestion there is an imperfect 
division of the stomach into two cavities, by the contraction of the bands 
of muscular fibres about its centre. He has also shown that these liquids 
reach the kidneys, and pass off by urine; and was led to believe that the 
spleen was the channel of communication; an opinion, however, which 
his subsequent researches tended to disprove., (Lectures on Comparative 
Anatomy, p. 221.) Diy rege: Spare 
The chyme passes from the stomach:into- the ‘small intestines, where 
it soon changes considerably in appearance; it becomes blended with 
' pile, and is separated into two portions, one of which is white as milk, 
dnd is termed chyle; the other passes on to the large intestines, and ig 
ultimately voided as excrementitious*. The chyle is absorbed by the 
 lacteals, which terminate in the common trunk, called the thoracic duct ; 
it is there mixed with variable proportions of lymph, and poured into 
the venous system. The excrements of animals have been examined by 
Berzelius (Gehlen’s Journ., vi.), by Vauquelin (Ann. de Ch., xxix. ), and 
~ by Thaer and Einhoff. | | | 
—" Chyle has been examined by several chemists, and their results are 
not widely different. During some physiological researches in which I 
"assisted Sir B. Brodie, I had an opportunity of collecting it in consi- 
 derable quantities in several carnivorous and graminivorous animals, and 
_ presented an account of some experiments upon it to the Royal Society. 
(Phil. Trans., 1812.) Chyle is an opaque white fluid, having a sweetish 
- saline taste; its specific gravity is inferior to that of the blood. It exhibits 
slight traces of alkaline matter when tested by infusion of violets; soon 
after removal from the thoracic duct, it gelatinizes spontaneously, and 
afterwards gradually separates into a firm yellowish-white coagulum, and 
& transparent colourless serum; so that, like the blood, it enjoys the pro- 
perty of spontaneous coagulation. 


lymph, and of the more fluid part of the 


* The necessity of bile to the forma- 
chyme. Tiedemann and Gmelin assert, 


tion of chyle has been illustrated by Sir 


B. Brodie. (Quarterly Journal, O.8., xiv. 
341.) When the choledoch duct was 
_ tied so a8 effectually to prevent the flow 
_ of bile into the intestine, no chyle was 
formed; the chymeé appeared _ little 
_ altered ; and the lacteals, instead of their 
usual milky fluid, contained a trans- 
parent fluid, consisting, apparently, of 


j 


that under these circumstances chyle is 
formed; and Berzelius also says that 
chyle is formed, but that it is transparent 
because its oil is not saponified: but it 
must surely be difficult in these cases. 
to distinguish between transparent chyle 
and certain modifications of lymph, 
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The coagulum of chyle possesses properties closely resembling those _ 
of the caseous portion of milk, and may hence be considered as a variety a 
of albumen; the serum of the chyle, when heated, deposits a few flakes 
of albumen, and by evaporation to dryness affords a small proportion of a _ 
substance analogous to sugar of milk. Small portions of phosphate of 
lime, carbonate of soda, and common salt, may also be detected in the — 
chyle. In these experiments I found no essential difference in the chyle — 
of graminivorous and carnivorous animals; I examined it from the horse, 
the ass, the dog, and the cat; Dr. Marcet thinks that the former is less _ 
abundant in albumen than the latter. (THomson’s Annals, vol. vii.) From — 
a comparative analysis of the chyle of two dogs, by Dr. Prout, of which 
one was fed on vegetable, and the other on animal food, the components 
were found to be as follow (Ann. of Phil., xiii. 25):— ! 


Vegetable Food. Animal Food. 

Water ‘ ‘ ‘ ‘ . ; 93°6 fnis 89°2 
Fibrin 44 > 4 : ° . + 06 te P 0°8 
Incipient albumen ? 7 , . 46 = Atte 4°7 
Albumen with a little red colouring matter 0-4 - ane 46 
Sugar of milk ‘ : ‘ : - atrace % . 0:0 
Oily matter . . . ° - a trace » a trace 
Saline matter ‘ F ° ° - 08 «o. 07 

100°0 100°0 


There can be little doubt that the bile performs an important part in 
the change which the chyme suffers in the small intestines; it has been 
conjectured that its aqueous, and perhaps its alkaline, parts, are employed " 
as components of chyle, while the albumino-resinous matter combines — 
with the excrementitious portion, and tends to stimulate the intestinal — 
canal towards promoting its propulsion. Whether the bile is absolutely _ 
necessary to the formation of chyle, is a question that has not been satieae 
factorily answered; but its importance is demonstrated by the emaciation _ 
that attends its deficiency, and by the disordered state of bowels that 
accompanies its imperfect secretion. Sir Everard Home, in his Lecture — 
on the Functions of the Lower Intestines, (Lectures, p. 468,) has offered — 
some curious facts connected with this subject, to which I refer the phy- _ 
siological reader. He is of opinion that, in the large intestines, a portion — 
of the food unfit for chylification is, by a process not widely different from 
that above described, converted into fat, which is afterwards absorbed 
and conveyed to different parts of the body. Py 

In chyle we cannot fail to observe an approximation to blood; it is 
deficient in colouring matter, and the albumen which it contains differs 
somewhat from that existing in the blood itself; it appears, therefore, that 
the albumen is perfected, and fibrin and colouring matter formed, in the 
process of circulation. | | 

The difference between arterial and venous blood has been adverted 
to in a previous section: the former is of a florid red colour, and circu- 
lates in the arterial system; it is contained in the left ventricle of the — 
heart, and thence carried by the aorta, and its ramifications, to every part 
of the body, tending to reproduction and secretion: it afterwards enters 
the veins which arise from the extremities of the arteries, and form 
accompanying branches, and trunks, ultimately uniting in the vene cave, 


J 
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which pour their contents into the right auricle of the heart; the venous 
blood is thence propelled into the right ventricle, from which the pul- 
monary artery arises, transmitting it through the lungs, whence it is 
returned by the pulmonary vein into the left auricle, which transmits it 
to the left ventricle, from which issues the aorta as aforesaid. So that 
the right cavities of the heart receive venous blood, and transmit it 
through the lungs, whence it returns to the left side of the heart, in the 
arterial state. In the lungs the blood is infinitely subdivided, and spread 
over a very large surface, in vesels so delicate as to admit of the opera- 
tion of the atmospheric air contained in their cells; it enters the pulmo- 
nary structure in the venous state by the pulmonary artery, and returns 
in the arterial or aérated state, by the pulmonary vein. It now remains 
to examine the changes which the blood undergoes during pulmonary 
circulation. 

Respiration is the process of receiving a quantity of air into the 
lungs, whence, after having been retained a short time, it is again 
expelled in the action of expiration: and, if now examined, a portion of 
its oxygen is found exchanged for carbonic acid, and it is more or less 
loaded with aqueous vapour. The nitrogen of the air probably remains 
passive, although from Dr. Edwards's experiments theye appears to be 
some doubt upon this subject, for sometimes it appeared to be emitted, 
and sometimes absorbed in small quantities by the blood. (De Influence 
des Agens Physiques sur la Vie, 1824.) 7 

Obvious circumstances render it very difficult to ascertain the 
quantity of air taken into the lungs at each natural Inspiration, as 
well as the number of respirations made in a given time; the former 
is, perhaps, about 15 or 16 cubic inches; and the latter about 20 ina 
minute. 

It has been by some supposed that the air suffers an absolute dimi- 
nution of bulk, but the experiments that have been adduced to prove 

this, can, I think, scarcely be regarded as satisfactory ; it seems, on the 
contrary, most probable that the volume of air expired is exactly equal 
to that inspired, and consequently the only chemical change that is evi- 
dent is the substitution of carbonic acid for a portion of its oxygen*. The 
quantity of carbonic acid emitted at each expiration, varies at different 
_ periods of the day, and probably also in different individuals ; it appears 
at its maximum during digestion, and at its minimum in the morning, 
when the stomach is empty, and when no chyle is flowing into the blood. 
Dr. Prout has shown that fermented liquors and vegetable diet diminish 
the proportion of carbonic acid, and that the same thing happens when 
the system is affected by mercury. 

The air expired after a single inspiration has generally been regarded 
as containing, on an average, 3°5 per cent. of carbonicacid; Messrs. Allen 
and Pepys, however, in their Essay on Respiration (Phil. Trans., 1808), 
have estimated it at about twice that quantity; it amounted, in their 
experiments, to between 26 and 27 cubic inches per minute, a con- 
siderable quantity when we reflect upon the comparative proportion of . 


* Dr. Edwards thinks that a portion of air disappears, ,but that it is very 
variable in itsamount. (Bostocx, Physiology, 11. 101.) 
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carbon existing in our food, and the other means of escape which it has 4 
from the body. Le 

The following- table shows the results of several experimentalists { in Zz 
reference to the average quantity of air required for respiration, and af a 


. 

fe 

carbonic acid produced by man. (GMELIN.) + 
Carbonic acid produced Weightof i 

Of oxygen required in 24 hours. in 24 hours. evolved Carbon, 

: Cub. inches. Grains. Cub. inches. Grains. Grains, = 

Lavoisier and Seguin 46037 . 15661 . 14930 . 8584 . 2820 © e 
MLenZIGS 6 1. sa) + a DL 4OO ee ERB “ties 


Davy . . . 45504 . 15751 . 31680 . 17811 . ' 
Allen and Pepys. . 39600 . 13464 . 39600 . 18612 Tr 


The aqueous vapour contained in the expired air is probably partly — 
secreted by the exhalants distributed over the surface of the air-vessels of — 
the lungs, partly derived from the humidity of the mouth, fauces, and = 
trachea, and partly evaporated from the blood. Attempts have heen made 
to estimate its quantity, but without success; perhaps the nearest estimate iW 
is about 3 grains per minute; it is certainly liable to much variation. It 
is estimated by Menzies to amount to 2880 grains in the 24 hours ; be 
Abernethy, to 4320; by Thomson, to 9120; by Hales, to 9792; and 7 
Lavoisier, to 13 404 grains. 

It has been aboye stated that the whole of the venous blood is pro- — 
pelled through the vessels of the lungs, where it is subjected to the action — 
of the air; the chyle is of course carried along with it, and when it 
returns by the pulmonary vein to the left side of the heart, it has under- 
gone a considerable change in appearance, having lost its dingy colour, — 
and acquired a fine florid red; the chyle also has become perfect blood. 
The change of colour is evidently owing to the action of the air, which 
takes place through the thin coats of the circulating vessels, and the end 
thus attained is the removal of the carbonic acid from the yenous blood. — 
The only chemical difference, then, which can be satisfactorily detected 
between arterial and venous blood, is the existence of a certain excess of 
carbon, or of carbonic acid, in ie latter ; when this is abstracted, and 
oxygen substituted for it, the blood is fitted for the renovation of parts, | 
for the formation of secretions, and for the sustenance of life by its action 
on the cerebral system ; for although the heart does not directly refuse to 
circulate venous blood, torpor ensues when blood, not aérated, passes into 4 
the vessels of the brain. 

It has already been shown that the blood suffers very important 
changes in the kidneys and liver; the function of per sptration also must 
be considered as connected with an alteration of the circulating fluid, ‘for 
moisture, carbonic acid, and minute quantities of acid, and of saline 
and animal matter, among which are acetic or lactic acid, acetate and 
hydrochlorate of ammonia, and chloride of sodium, are evacuated. De 
the cutaneous vessels. This quantity . of humidity i is sometimes ver 
considerable, especially during exercise in warm weather, and it pro- 
bably contributes materially to diminish the temperature of the body; a 
portion of water, however, is at all times passing off by the skin, as may 
he seen by putting the hand into a an ano cold glass, which soon As 


Si. 
“ 
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comes dimmed by the condensation of yapour: this is termed insensible 
perspiration™. " 

_ Different animals require very different quantities of oxygen for the 
purposes of respiration. Man, and warm-blooded animals, consume the 
largest quantity; the amphibious tribes not only require less, but can 
breathe in an atmosphere which will not support the life of the former ; 
and many insects take such small quantity, as sometimes to have been 
_ supposed capable of living without air, which is not the case. In the | 
production of carbonic acid, all animals agree ; and, consequently, the 
nature of the. deterioration suffered by the air is similar throughout the 
animal creation. 

Fishes breathe the air which is dissolved in water; they therefore 

soon deprive it of its oxygen, the place of which is supplied by carbonic 
acid ; this is in many instances decomposed by aquatic vegetables, which 
restore oxygen, and absorb the carbon; hence the advantage of cultivating 
growing vegetables in artificial fish-ponds. It has been ascertained by 
Biot, and verified by others, that the air-bladders of fish that live in very 
- deep water, are filled with a mixture of oxygen and nitrogen, in which 
the former greatly preporiderates; but in fish that are taken near the 
surface, the nitrogen is most abundant. In the 7'rygla lyra, alwayscaught 
in very deep water, the air-bladder contained 87 per cent. of oxygen: in 
the carp and roach, according to Fourcroy and Priestley, the air-bladder 
contains little else than nitrogen. (Brot, Mémoires d Arcueil.) 

The production of animal heal is perhaps the most recondite of all 
the functions; the power appears to belong to all animals, though to some 
in a very inferior degree. The higher orders of animals always maintain 
a temperature of about 100°; it varies a little in different. parts of the 
body, the extremities and surface being a degree or two colder than the 
interior vital organs. This temperature is probably very little affected 
by external circumstances, a hot or cold atmosphere producing no cor~ 
responding change in the heat of the circulating blood. 

“When the chemical changes that take place during respiration had 
been inquired into, and when it was found that the capacity of carbonic 
acid for heat was less than that of oxygen, it was supposed that the 
conversion of oxygen into carbonic acid was the cause of the rise of 
temperature ; and as the heat of the lungs does not exceed that of other 


-* According to Anselmino, as quoted | The relative proportion of solid mat- 
by Tiedemann and by Berzelius, the dry | ter to that of the water, in sweat, varies 
residue of human perspiration contains | according to Thenard, from 0°5 to 1°25 
Saline matters, chiefly calcareous, per cent. (Ann. de Ch., Lix. 262.) Some 

and insoluble in water and ih 2 | peculiar matters are occasionally thrown 
alcohol . : ew : off by the skin, giving rise to colowred 

Substances soluble in water, but perspiration. I have heard of a case in 
~ insoluble in alcohol, comprising} 21 | which a man’s linen was thus tinged 

animal matter and sulphuricsalts blue; and Dr. Williams mentions the 
Common salt and extractive ee g | case of a lady whose perspiration, when 
ter soluble in dilute alcohol . profuse, dyed the clothes on some parts 
‘Extractive matter, lactic acid, and). ‘| of her person, particularly the wrists 
lactates, soluble in lyr 29 | and neck, of a bright crimson colour, 
giconol) .. «. 3 : Were but without any marks of blood; this 
—— | was supposed by Dr. Prout to be caused 

100 | by sulphocyanate of iron, 
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parts, it was asserted that the air was absorbed by the blood, and that 
the production of carbonic acid, and consequent evolution of heat, took 
place gradually during the circulation. To these opinions many strong 
objections have from time to time been urged by different physiologists, 
but their complete subversion followed the researches of Sir B. Brodie | 
(Phil. Trans., 1812), who found that the heart was capable of retaining 
its functions for some hours, and of carrying on circulation, in a deca- 
pitated animal, and consequently independent of the influence of the 
brain, when respiration was artificially carried on. Under these circum- 
stances it was observed, that although the change of blood from the venous 
to the arterial state was apparently perfect, heat was not generated, 
for the animal cooled regularly and gradually down to the atmospheric 
standard. In more than one instance I examined, at his request, the 
expired air, and found that it contained as much carbonic acid as was 
produced by the healthy animal; so that here, circulation went on, there 
was the change of oxygen into carbonic acid, and the alteration of colour 
in the blood, and yet heat appeared not to be generated *. } 

In these cases, a period was also put to the secretory functions; and 
it has been observed by other physiologists, that if the nerves that supply 
any of the glands are injured or divided, there is a corresponding change 
or suspension of their secretion. Electricity has sometimes been sup- 
posed to have some connexion with the nervous influence, and the fact 
of some of the secretions being alkaline, while others are acid, (corre- 
sponding to negative and positive influence,) has been adduced in favour 7 
of the supposition (Phil. Trans., 1809, p. 385); but experiment has gone 
little way to sanction such a notion; and although it has been proved — 
that the nervous influence contributes to the generation of heat in animals, 
and that it presides over the phenomena of secretion, as well as of sensa- 
tion and voluntary motion, neither the actual cause of this influence, nor 
the mode in which it operates, have been ascertained. st 


* Upon this subject Dr. Turner (Elem. 
of Chemistry, 5th edition, 983,) makes 
the following remarks: Were these ex- 
periments rigidly exact they would lead 
to the opinion that no caloric is evolved 
by the mere process of arterialization ; 
this inference however cannot be ad- 
mitted for two reasons ; first, because 
other physiologists, in. repeating the ex- 
periments of Brodie, have found that 
the process of cooling is retarded by 
artificial respiration ; and secondly, be- 
cause it is difficult to conceive why the 
formation of carbonic acid, which uni- 
formly gives rise to increase of tempe- 
‘rature in other cases, should not be 
attended, within the animal body, witha 


similar effect. It may, hence, be in- 
ferred, that this is one of the sources — 
of animal heat. It is certain, however, 
that the heat of animals cannot be — 
maintained by the sole process of arte- — 
rialization. Consistently with this fact, — 
the researches of Dulong and Despretz — 
agree in proving, in opposition to the — 
results obtained by Lavoisier and Craw- — 
ford, that a healthy animal imparts to 
surrounding bodies a quantity of heat 

considerably greater than can be ac-— 
counted for by the combustion of the — 
carbon thrown off during the same — 
interval from the lungs in the form of 
carbonic acid. (Ann de Ch. et Ph., Xxvi.) 
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TI. Exeusn Wericuts AND MEASURES. 


Tux English troy pound is subdivided into twelve ounces, and each 
ounce is equal to 480 grains. The subdivisions of the troy ounce, called 
Apothecaries weight, are into 8 drachms, each drachm into 3 scruples, 
and each scruple into 20 grains. The troy ounce is also sometimes 
divided into 20 penny weights, of 24 grains each. These are the weights 
generally employed by chemists, but for philosophical purposes ambi- 
guity is most easily avoided by employing the grain as integer: and the 
laboratory should be provided with good sets of weights, from 1000 grains 
downwards; the grain should be decimally subdivided into tenths and 
hundredths. 

The standard of most articles bought and sold in common life is the 
avoirdupois pound, which is equal to 7000 troy grains, and is divided 
into 16 ounces, of 437:5 troy grains each. The avoirdupois ounce is 
legally divided into 16 drachms, of 27:°34375 grains each; but this 
division is rejected in all ordinary cases, in consequence of the confusion 
likely to result between the troy and avoirdupois drachm, so that the term 
drachm is almost exclusively employed to denote the eighth part of a troy 
ounce, or 60 grains. 

For measures of capacity, the wine pint was formerly employed, which 
corresponds to 28°875 cubical inches of water, at a temperature of 60°. 
It is subdivided into 16 ounces; the ounce into 8 drachms. Two pints 
make a quart, and 4 quarts a gallon. é 

The ale pint contains 35-25 cubical inches of water, at 60°. 

For chemical use, the most convenient measure is the bulk occupied 
by the*troy ounce of distilled water, which may be subdivided into 480 
grains, and which is equal to 1:8047 cubical inches. 

The length of the pendulum, vibrating seconds in vacuo in the latitude 
of London (51° 31’ 8:4” North) at the level of the sea, and at the tem- 
perature of 62°, is = 39°13929 inches of Sir George Shuckburgh’s standard 
scale. (Karer, Phil. Trans., 1819, p. 415.) 

In the following Tables are shown the subdivisions of the English 
troy and avoirdupois pounds, and of the English wine gallon, and their 
_ correspondence with the French gramme and litre. 
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Troy WEIGHT. 


Pound. Ounces. Drms. Scruples. Grains. Grammes. 
L joi 2 i 96 oS 2288 4 eS 5760 =. 3/2:96 
Le AB = re 480 = 7Sr08: 

fc a 60 — 3°885 

1 20 = 1°295 
1 i 0°06478 


Pound. Ounces. Drms. : Grains. ‘ Grammes. 
1 = 16 = 256 = 7000 = 453-25 
l= 146 = 437°5 ane] 28°328 

lo = 2734375 = 1°7705 


Gal. Pints. Ounces. Drms. Cub. Inch. Litres. 
1 = 8 = 138 =. 1024 =» 231: = 3°78515 
t era 16 eh 126) te 28°875 = 0°47398 
t= (ee == 18047 = 0°02957 
1 ects 0°2256 = 0:00396 


The ImpErtaL Gauon, now substituted for all other measures, is one- 
Fifth more than the old wine gallon (30 Imperial = 36 Wine), and one- 
siatieth less than the old ale gallon (31:5 Imperial = 30 Ale.) It 
contains 10 pounds of water, of 7000 grains each (avoirdupois pounds) 
= 70,000 grains = 277:273 cubic inches of water at 62°. ? 2 


II. French Weicuts anp MEasurss. 


Tue French metrical system is founded on a single standard of length, 
called a metre, and which is equivalent to the ten-millionth part of the 
arc of the meridian, extending from the equator to the pole. The length 
of the metre, at the temperature of 32°, as ascertained by Captain Kater 
(Phil. Trans., 1818), is 39:37079 English inches. : 

The French measures increase and decrease in decimal proportions, a 
distinctive prefix being put to the term by which the integer is called. 
These prefixes are deca, hecto, kilo, and myria, taken from the Greek 
numerals, to express the multiplication of the integer by 10, 100, 1009, 4 
and 10,000 respectively: and dect, centi, and milli, from the Latin 
numerals, to express the division of the integer by 10, 100, or 1000 3 as in 
the following table :— | 


Metres. Metre. 

1 Myriametre . - = 10000 1 Metre 4 1 
1 Kilometre . = 1000 1 Decimetre = Ot 
1 Hectometre . -= 100 1 Centimetre os oe 
1 Decametre . vite 10 1 Millmetre . . = 0001 


The metre is the integer of the measure of length, and from it all 
measures of surface, capacity, and weight, are deduced as follows:— __ 

For square dimensions, the metre, or its parts squared, are employed. 
When used for measuring land, the term are is adopted, which is a 
decametre squared. An hectare, or 100 ares, 1s about equal to 2 English 
acres. + 
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For the integer of the measure of capacity, the cubed decimetre is 
employed, under the name of Jitre, which is about equal to 2§ English 
wine pints. 

For the integer of the measure of weight, the weight of a cubic centi- 
metre of distilled water, at 32°, has been adopted: it is called a gramme, 
and is equal to 15-4 English grains. 

The following are the principal tables of French Weights and Mea- 
sures, which will be found useful in the laboratory. In Appendix II. of 
Arxiy’s Dictionary, the reader will find several others, showing the 
relation of the French to the English standards. 


MEASURES OF LENGTH. 
English inches. 


Millimetre . . = 03937 
Centimetre . . = 39371 
Decimetre . . = 3°93710 
GiGi «2 eb) 6. == 39°37100 Mil. Fur Yds. Feet. In. 
Decametre . . = 393'71000 = 0 0 10 2 | 
Hecatometre . = 3937'10000 = 0 0 109 1 1 
Kilometre . . = 39371°00000 = 0 4 213 1 10°2 
Myriometre . . = 39371000000 = 6 1 156 0 6 
MEASURES OF CAPACITY. 
: Cubic inches. 
WErIVNtve «: so. °06102 
Centilitre .. = 61028 English. 
Decilitre . a ee 6°10280 Tons. Hogs. Wine G. Pints. 
Latte 7 ve ee = 61°02800 = 0 0 0° 2°1133 
Decalitre Os iin = 610°28000 = 0 0 2° 5°1352 
Heeatolitre. . = 6102°80000 ae 0 0 26°419 
Kilolitre . . = 61028°00000 = 1 0 12°19 
Myriolitre . = 610280°00000 =, 10 1 58°9 
Measures oF WEIGH’. 
English grains. 
Milligramme. . = 0154 
Centigramme . = "1544 
‘Decigramme. . = 1°5444 Avoirdupois. 
Gramme ... = 15°4440 Poun. Oun. Dram. 
Decagramme . = 154-4402 = 0 0 5°65 
Hecatogramme =  10544:4023 = 0 3 8°5 
Kilogramme. . = 15444°0234 = 2 3 5 
Myriogramme . = 154440°2344 = 22 1 2 
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AsBREVIATIONS used for de- | Acetule, 1331 
noting simple sub- | Acetulous acid, 1279, note, 
stances, 348 1331 
Aberration of light, 190 Acetyl, 544 
Absolute alcohol, 1263 Acid for alkalimetry, 638 
— quantity in diluted | Acid, acetic, 1308, 1314 
alcohol of different acetulous,!1279, n.,1331 
specific gravities, 1270 aldehydic, 1331 
Abstract of researches con- | —— allantoic, 1369, n., 1377 


cerning uric acid, alloxanic, 1379 
1377 althionic, 1281 
Abstrich, or German litharge, ambreic, 1405 
. 834 


amniotic, 1369, note 
amygdalic, 1156 
anchusic, 1114 
antimonic, 851 
antimonious, 850 
apocrenic, 1199 
arsenic, 883 
arsenious, 881 
aspartic, 1235 
auric, 973 

azotous, 413 
azulmic, 1099 
benzoic, 1152 
bicoloric, 1198 
boletic, 1197 
boracic, 580 
bromic, 377 
butyric, 1355 
caffeic, 1199 
cahincic, 1199 
camphoric, 1146 
capric, 1357 
caproic, 1356 
carbazotic, 1123 
carbonic, 519 
carbosulphuric, 574 
earthamie, 1113 
eatechucic, 1109 
cevadic, 1223, note 
chlorhydric, 394 
chloric, 369 

—— chloriodic, 375 
_—_— chlorocarbonic, 517 
chlorocyanic, 566 
chlorous, 368 


Accidental ingredients in the 
atmosphere, 451 
Accumulated electricity, 263 
_ Acer saccharinum, 1081 
Aceric acid, 1081" 
- Acetal, 1299 
Acetate of alumina, 1324 
ammonia, 13)6 
—— antimony, 1323 
baryta, 1318 
—— bismuth, 1323 © 
cadmium, 1319 
— cerium, 1324 
—— cinchonia, 1212 
—— cobalt, 1320 
—— copper, 1320 
— glycyrhizin, 1083 
iron, 1319 
lead, 1521 
——— produces metallo- 
chromes, 836 
_—— lime, 1318 
—— lithia, 1318 
magnesia, 1318 
manganese, 1318 
mercury, 1324 
— morphia, 1203 
nickel, 1320 
potassa, 1316 
—— quinia, 1216 
 —— silver, 1324 
_ — soda, 1317 
. — strontia, 1318 
-—— tin, 1319 


uranium, 1324 “ chloroxicarbonic, 517 
zine, 1319 choleic, 1366 
Acetates, general characters chromic, 909 
of, 1316 cinchonic, 1218 
Acetic acid, 1308, 1314 cinnamic, 1152, 2.,1157 
i. — production of, byslow | —— citric, 1189 


combustion of alcohol 
and ether, 226, 1309 
ether, 1299 
Acetometer, 1312 
Acetone, 1325 
Acetous fermentation, 1308 


columbic, 927 
crenic, 1199 
cyanhydric, 568 
cyanic, 562 
cyanilic, 576 
—— cyanuric, 564 


Acid, delphinic, 1404 

dialuric, 1384 

elaidic, 1142 

elaodic, 1142, note 

—— ellagic, 1108 

—— equisetic, 1198 

—— erythric, 1377 

—— esculic, 1142, note 

—— etherophosphoric, 1293 

—— etherosulphuric, 1293 

ferrochyazic, 751 

—— ferrosesquicyanic, 754 

—— fluoboric, 582 

fluosilicic, 1030 

—— formic, 1195 

fulminic, 563 

fungic, 1198 

—— gallic, 1107 

glucic, 1077 

hircic, 1401 

—— hydriodic, 400 

—— hydrobromic, 402 

——- hydrochloric, 394 

—— hydroeyanic, 568 

— hydrocyanoferric, 751 

—— hydroferridcyanic, 754 

—— hydroferrocyanic, 751 

—— hydrofluoric, 403 

—— hydromellonic, 575 

——— hydropersulphocyanic, 

576 

—— hydroselenic, 506 

—— hydroseleniocyanie, 573 

—— hydrospiroilie, 1251 

—— hydrosulphocyaniec, 572 

hydrosulphurie, 477 

—— hydrothionic, 477 

—— hydroxalic, 1187 

—— hydroxanthic, 574 

—— hyperchloric, 370- 

hypermanganic, 724 

—— hypochloric, 368 

—— hypochlorous, 365, 367 

—— hyponitric, 415 

—— hyponitrous, 413 

—— hypophosphorous, 488 

——— hyposulphurie, 475 

—— hyposulphurous, 474 

iatrophic, 1132 

—— indigotic, 1126 

——- iodie, 374 

iodous, 373 

—— iszethionic, 1281 

—— japonic, 1109 

-———~ kinies 1246 

laecic, 1116 

—— lactic, 1353, note, 1362 

lampie, 1279, note, and 
1331 
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Acid, lichenie, 1198 
maleic, 1194 

— malic, 1192 

—— manganesic, 723 
manganic, 723 
—— margaric, 1140 
margaritic, 1142, note 
margarous, 1140 
meconic, 1208 
melassic, 1077 
mellitic, 1165 
menispermic, 1226 
mesoxalic, 1380 
metagallic, 1108 
metameconic, 1209 
molybdic, 899, 901 
molybdous, 900 
moroxylic, 1198 
mucic, 1071 
muriatic, 394 
mykomelinic, 1380 
nanceic, 1362 
nitrohydrochloric, 423 
nitroleucic, 1399 
nitromuriatic, 423 
nitrosaccharine, 1396 
nitrosulphuric, 962 
nitrous, 413, 415 
cenothionic, 1285 
oleic, 1140 

osmic, 1004 
oxalic, 1179 
oxalovinic, 1297. 
oxaluric, 1380 
oxiodie, 375. 
oxychlorie, 370 
parabanic, 1380 
paramaleeic, 1194 
—— paramuciec, 1073 
paratartaric, 1179 
paratartrovinic, 1303 
—— pectic, 1071 
perchloric, 370 
periodic, 375 
permanganic, 724 
pernitrous, 414 
—— phocenic, 1404 
—— phosphoric, 490 
—— phosphovinie, 1293 
pinic, 1158 - 
polygalic, 1198 
—— prussic, 568 

—— purpuric, 1376] 
—— puteanic, 1199 
——- pyrocitric, 1192 
—— pyrogallic, 1108 
—— pyroligneous, 1313 
—— pyromalic, 1194 
—— pyromeconic, 1209 
—— pyromucic, 1072 
—— pyrotartaric, 1171 
racemic, 1179 
racemovinic, 1303 
ricinic, 113] 

- rocellic, 1142, note 
—— rubinic, 1109 
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Acid, saccharic, 1187 

saclactic, 1071 

saliculous, 1232 

sebacic, 1401, note 

sebic, 1401, note 

selenic, 504 

selenious, 504 

silicated fluoric, 1030 

silicic, 1028 

silvic, 1158 

stearic, 1137 

—— strychnic, 1219, 1222 - 

— suberic, 1196 

—— succinic, 1159 

—— sulpharsenic; 893 

—— sulpharsenious, 892 

—— sulphoadipie, 1129 

—— sulphocetic, 1403 

—— sulphocyanhydric, 572 

—— sulphocyanic, 572 

sulphomethylic, 1328 

——- sulphonaphthalic, 553 

sulphosaccharic, 1082;n. 

— sulphosinapic, 1133, note 

sulphovinic, 1285 

—— sulphuric, 463 

sulphurous, 460 

sulphydric, 477 

tannic, 1101, 1103 

—— tartaric, 1170 

tartrovinic, 1301 

—— tartromethylic, 1330 

telluric, 879 

—— tellurous, 878 

—— thionurie, 1381 

—— titanic, 872 

tungstic, 921 

ulmic, 1099 

—— uramilic, 1382 

uranic, 867 

—— urilic, 1377 

valerianic, 1142 

—— valerie, 1142, note 

—— vanadie, 919 

—— verdic, 1198 

verdous, 1198 

zumic, 1362 

Acide oxalhydrique, 1187 

Acids, action of on alloys, 604 

alkalis, earths, and ox- 

ides, production of; 361 

metallic, 594 

saponic, 1137 

vegetable, 1170 

and bases, equivalent 

numbers of, 237 

—— presence of, detected by 

test papers, 231, and | 
- note, 232 

Aconita, 1228 

—— the most virulent poison 
known, 1229- 

Active bodies produce inert 
compounds, 231 


_Adamantine spar; 1019 
_ Adhesion of air to glass, 109 | 


Adhesion of air to Tiquids,109 
of liquids to solids, 108 _ 
Adhesive attraction, 109 a 
Adipocere, 1335 e 
—— (mineral), 1163 
Adipose acids, 1137 e 
Adulterations of sulphate of © 
quinia, 1214, note ste: 
Aération of water, 109 
Aérial acid, 519 = 
Aériform bodies, expansion by — . 
heat, 131; 142 
a fluids, 108 +4 
—— — compression of, 108 
Aérolites, or meteoric stones, 


ar 


a. 
r 


‘Se 


~§: 


el r ay 
Pics ie oes 


rie is ihe ha 
.. 


7 4 
LEthrioseope, the, 221 
Ethusa cynapium, 1230 
Affinities, destroyed and pro= 


moted by electricity,311 
Affinity, general results of, 
229, 230 
Agates, varieties of; 1028; n.. ; 


ae 


a 


om 


Agedoite, 1235 . 
Aggregation; attraction of;107 
— opposes chemical at= 
traction, 229 . i 
—— — overcome by solution, 
110, 229 
Air, adhesion of to glass, 109. 
— — to liquids, 109 
— bad conducting power of 
as regards “heat; 160 — 
— changes of during respira-— 
tion, 1413 
— crystallization induced by — 
the presence of, 115 ~~ 
— expansion of by heat, 142 
— and gaseous bodies, pea @ 
cific heats of, 164. 
— heated currents in; 143 
— influence of vegetation 
upon, 1049 : 
— promotes putrefaction, — ey 
1334 
— specifie gravity of, how 
taken, 442 
— pump, construction ee 
uses of the, 439 i 
— thermometer, 153 Be 
— and water act upon lead, 
833 
Alabaster, gypsum, selenite, 
681 


Albite, 1035 


Albumen, 1339 * 


vegetable, 1091 “a 
Album Grecum, 1409 = 
Albumino caseum, 1093 “i 
Aleannin, 1114 a 
Alchemy, 5 a 

nd 


Aleohates, 1271 

Alcohol, 1263 

its absolute state, 1263 

—— change by sip 
acid, 1284, 1285, yi? 


> 


a! | 


‘ 


Alcohol, its change into acetic 


acid, 1309 
combustion, 1271 


-— composition, 1066, 1273, 


1286 
concentration; 1265 
—— decomposition and com- 
ponent parts, 1273 


= discovery, 1263 


—— mixture 
1282 

—— — with water, 1267 

permanent fluidity, 169, 

3°4365 

production, 1258 


with ether, 


_ —— — from sugar, 1274, n. 


in 


proportion, 
1260 

quantity in spirit of 
different specific gra- 
vities, 1270 

slow combustion pro- 
duces acetic acid, 226 


wines, 


_ —— of sulphur, 573 


vapour, 1266 
of wood, 1326, note 
Alcoholic solution of iodine, 
372 
— of soap, 1136 
Aldéhyd, 1330 
Aldehyd-ammonia, 1330 
Aldehydie acid, 1331 
ALGAROTTI’S powder, 
Alizarine, 1112 
Alkalis, fixed and volatile, 
427 
presence of, detected by 
_ turmeric and rose pa- 
pers, 232, note 
Alkalimetry, 637 
Alkaline earths, 594 
Alkaloids, 1199, et seq. 
Alkanet root, 1114 


853 


_ Alkarsine, 1317, note 
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Allanite, 874 

Allantoie acid, 1369, n., 1377 
Allantoin, 1377 

Alloxan, 1375, 1377, 1378 
Alloxanate of baryta, 1379 
silver, 1379 
Alloxanie acid, 1379 
Alloxantin, 1383 © 
Alloys, 604 

Alloys of aluminum, 1026 
-—~ antimony, 858 
arsenic, 897 | 
bismuth, 865, 866, 885 
cadmiutn, 792 
chromium, 918 

— copper, 825 

gold, 978, 979 
iridium, 1008 

iron, 757 

lead, 848 

—_— mercury; 950 

—— nickel, 807, 809. 
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Alloys of palladium, 1000 

platinum, 995 

ae potassium and sodium, 
666 

—— rhodium, 1002 

silicium, 1032 

—— silver, 968 

—— steel, 769 

—— tin, 787 

—— zine, 777 

Almond oil, 1132 

Almonds, peculiar principles 
of, 1155 

Aloe bitter , 1100 

Alphabetical enumeration of 
sitaple substances, 348 

Althein, 1235 

Althionie acid, 1281 

Alum, 1023 

—— pyrophorus, 1024 

stones, 1023 

Alumina, 1017 

its acetate, 1324 

arseniate, 1026 

—— benzoate, 1155 

—— borate, 1026 - 

—— carbonate, 1025 

— chlorate, 1021 

—— gelatinous state, 1020 

hardness, 1019 

—— hydrates, 1020 

—— hyposulphite, 1022 

lactate, 1363 

—— native silicates, 1035 

—— nitrate, 1021 

—— octobasic sulphate, 1023 

oxalate, 1187 

phosphate, 1025 

—-— plasticity, 1018 

salts, 1026 

—— silicate, 1034 

subtrisulphate, 1022 

—— sulphate, 1022 

—— sulphate with ammonia, 
1024 

—— — with iron, 1025 

—— — with potassa, 1023 

—— — with soda, 1025 

— sulphite, 1022 

—— tartrate, 1179 

Aluminates, 1019 

Aluminite, or Websterite, 
1022 

Alumino-fluorides, 1021 

Aluminous gems, 1019 

—— slate, 1023 

Aluminum, 1017 

its alloys, 1026 

—— ammonio-chloride, 1021 

~ bromide, 1021 

—— chloride, 1017, 1020 

—— fluoride, 1021 

—— iodide, 1021 

—— oxide, 1018 

—— phosphuret, 1025 


a sesquioxide, 1018 


1423 


Aluminum, its seleniuret, 1025 

sulphocyanuret, 1026 

—— sulphuret, 1021 

Alvine calculi, 1406 

Amalgam for promoting the 
excitation of electri- 
city, 255 

Amalgamated zine, 297, 321, 
note 

Amalgamation, 954 

Amalgams; 950 

Amber, 1159 

Ambergris, 1405 

Ambreice acid, 1405 

Ambreine, 1405 

Amethyst, or purple quartz; 
1028, note 

Amidine, 1085, note 

Amidogen, 436 

Ammelid, 57 8 

Ammelin, 578 

Ammogen, or amidogen, 436 

Ammolin, "1333 

Ammonia, 427 

Ammonia, its acetate, 1316 - 

action on chloride of 

phosphorus, 497 

—— — on metals, 597 

—— — on _pernitrates 
mercury, 942 

—— — on potassium, 627 

aldehyd, 1330 

antimoniate, 852 

—— aqueous solution, 428 

—— arseniate, 884 


of 


aurate, 976 
auro-perchloride, 977 
benzoate, 1154 
—— hbiborate, 582 
—— bicarbonate, 533 
—— bichromate, 910 
— bimolybdate, 901 
binarseniate, 884 
binoxalate, 1181 
binurate, 1375 
—— biphosphate, 495 
borate, 581 
bromate, 434 
butyrate, 1356 


'—— carbazotate, 1124 


carbonate, 532 
caryophyllate, 1149 
caseate, 1359 
— chlorate, 432 

— chlorocarbonate, 518 
-—— chlorocyanate, 567 ~~ 
— chromate; 910 

— citrate, 1190 

—— cobaltate, 797 

— columbate, 927 

—— cuprate, 818 

— cyanate, 563 

—— cyanurate, 565 
diaurate, 976 

ellegate, 1108. 

—— ferrocyanate, 752 
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Ammonia, its fluoborate, 583 
formiate, 1196 
general characters, 427 
— hircate, 1401 
—— hydrargyrate, 931 
—— hydriodate, 434 
—— hydrobromate, 434 
—— hydrochlorate, 432 
—— hydrocyanate, 571 
hydrofluate, 434 
— hydrosulphate, 480 
—— hydrosulphocyanate,573 
—— hydrosulphuret, 480 
—— hyponitrite, 434 
—— hypophosphite, 489 
— indigotate, 1127 
—— iodate, 434 
lactate, 1363 
—— lithiate, 1390 
-——~ margarate, 1140 
metallization, 952 
molybdate, 900, 901 
— nitrate, 435 
—— — with uranium, 869 
—— oleate, 1141 
oxalate, 1181 i 
—— — with copper, 1185 
-——— — with potassa, 1183 
oxalurate, 1381 
palladiochloride, 999 
permanganate, 725 
—— phosphate, 495 
—— phosphite, 489 
platino-bichloride, 991 
platino-protochloride, 
991 
—— potassa-tartrate, 1174 
production, 431 . 
protosulphate with iron, 
742 
—— purpurate, 1377 
sesquicarbonate, 533 
silicofluate, 1031 
stearate, 1138 
subfluoborate, 583 
succinate, 1161 
— sulphate, 473 
—— — with alumina, 1024 
—— sulphite, 462 . 
—— sulphovinate, 1291. 
tartrate, 1172 
— thionurate, 1381 
tungstate, 923 
urate, 1375 
‘vanadiate, 918 
Dessintacad solution of orpi- 
ment, 893 
Ammoniacum, 1157, note 
Ammonie liquor, 428 
Ammoniated oxide of cobalt, 
797 
Ammonio-bichloride of  iri- 
dium, 1007 
tin, 783 
Ammonio-carbonate of co- 
balt, 800 


GENERAL INDEX. 
Ammonio-carbonate of mag- 
nesia, 715 
nickel, 807, 
Ammonio-chloride of alumi- 
num, 1021 
calcium, 674 
iron, 735 
magnesium, 708 
manganese, 726 
mercury, 937 
molybdenum, 903 
nickel, 803 
platinum, 991 
Ammonio-hyposulphate 
silver, 962 
Ammonio-magnesian, or tri- 
ple calculus, 1391 
Ammonio-nitrate of cobalt, 
797 
magnesia, 709 
nickel, 804 
silver, 961 
uranium, 869 
Ammonio-oxalate of potassa, 
183 


of 


Ammonio - persulphate of 
iron, 742 

Ammonio-phosphate of lithia, 
669 


magnesia, 713 

soda, 658 

Ammonio-protochloride of 
palladium, 999 

— tin, 782 

Ammonio-subsulphate of cop- 
per, 823 

Ammonio-sulphate of chro- 
mium, 917 ‘ 

cobalt, 799 

copper, 823 

magnesia, 711 

manganese, 729 

—— nickel, 805 

potassa, 633 

soda, 655 

zine, 776 

Ammonio-sulphite of ack 
nesia, 709 

Ammonium, 436, 952 

its amalgam, 952 

eyanuret, 571 

—— ferrocyanuret, 752 

sulphocyanuret, 573 

—— sulphuret, 480 

Ammoniuret of copper, 818 

oxide of mercury, 931. 

peroxide of gold, 976 

—— phosphorus, 501 

—— silver, 955 

Amniotic acid, 1369, note 

Amygdalate of baryta, 1156 

Amygdalie acid, 1156 

Amyedaline, 1149, 1155 

Amylate of lead, 1089 

Amyle, 1264, note 

Amyléne, 1264, note 


Analcime, 1035 . 
Analogies of selenium ine | 
* sulphur, 128 PG 
Anchusic acid, 1114 
Ancient symbols of metals, 
583 3 
Andalusite, 1035 = 
Anelectrode and cathelec- 
trode defined, 298 : 
Angles, primitive, of crystals 
118 


Anhydrite, 682 ; 
Anhydrous, a term derived 
from the Greek, sigg ¥: 


112, note 
Anhydrous sulphuric acid, 
469 
Animal acids, 1401, note 
charcoal, decolouring | ") 
power of, 512 
creation influenced by 
light, 199 
electricity, 327 
—-— extractive, 1344 
—— fat, 1399 
—— functions, 1409 
heat, 1415 
jelly, 1395 ae 
matter, preservation of, 
1333 4 
—— — produces ammonia, — 
431, 1334 
— — putrefaction of, 1333 — a 
muscle, 1398 4 
oils, 1401 : 
—— products, 1332 
reds, 1116 
tar, 1166 
Animals, bones of, 1408 
food of, 1410 
hair of, 1399 
~— soft solids of, 1394 
urine of, 1393 
Animin, 1333 
Anions and cations, 309 
Annealing of glass, 1040. Se 
Annihilation of positive bya 
negative electricity, a 
264 bi 
Annotto, 1118 
Anode and cathode of cen 
voltaic battery, 298 
Anomalous cases of chemical 
action, 233 
expansion of a metallic — 
alloy by cold, 136 ; 
—— — of water by cold, 138 
Anthracite, 514. % 
Antimonial compounds, in- 
structive examination 
of, 859, note 
—_—— powder, 858 
—— silver, 962 ly 
Antimoniate of ammonia, ¥ 
852 all 
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ni neers Cr ne 


Antimoniate of baryta, 852 
cobalt, 853 

copper, 853 

— iron, 852 

lead, 853 

—- manganese, 852 

nickel, 853 

potassa, 852 

silver, 967 

zine, 852 

Antimonic acid, 851 

Antimonii oxysulphuretum, 

857 
Antimonious acid, 850 


‘Antimonite of baryta, 851 


cobalt, 851 
copper, 851 
lead, 851 


—— lime, 851 


manganese, 851 
potassa, 851 
Antimony, 849 

its acetate, 1323 
alloys, 858 
arseniate, 889 | 
arsenuret, 896 
benzoate, 1155 
chlorate, 854 
chlorides, 853 
chromate, 914 
deutoxide, 850 
golden sulphuret, 855 
iodide, 854 
iodosulphuret, 857 
oxalate, 1186 
oxides, 849 
oxichloride, 853 
oxisulphuret, 855, 857 
perchloride, 853 
-——. peroxide, 851 
— phosphate, 858 
—— phosphuret, 658 
protochloride, 853 
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_ —— protoxide, 849 


salts, 860 
seleniuret, 858 
sesquibromide, 854 
sesquichloride, 853 
-— sesquifluoride, 854 
— sesquiodide, 854 
-—— sesquioxide, 849 
sesquisulphuret, 854 
sulphate, 857 
sulphite, 857 
tannate, 1105 
tartrate, 1177 
tartrate with potassa, 
1177 
tartrate 
1178 
Apartments, how warmed by 
common fires, 144 
Apatite, 683 
Aphorisms of the Novum Or- 
ganum Scientiarum, 3 
Apocrenic acid, 1199 


with 


silver, 
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Apophyllite, 1033 

Aposepedin, 1359 

Apparatus for drawing elec- 
tricity from the hea- 
vens, 273 


—— for organic analysis 
1058 
—— for the preparation, 


liquifaction, and soli- 
dification of carbonic 
acid gas, 522 

Aqua fortis prepared upon a 
large scale, 417 

Aquamarine, 1009 

Aqua phagedenica, 936 

Aqua regia, 423, 972 

Aqua sapphirina, 818 

Aqueous solution of ammo- 
nia, 428 

—— — carbonic acid, 529 

— — chlorine, 364 

—— — hydrochloricacid gas, 
397 

—— — iodine, 372 

—— — nitric acid, 418 

— — peroxide of chlorine, 
369 - 

—— — potassa, 611 

—— — soda, 647 

Aqueous solutions of carbo- 
nate of potassa, table 
of, 636 

—— — of sulphate of soda, 
654 

—— — of sulphuretted hy- 
drogen, 478 

—— vapour absorbed by 
charcoal, 511 

——-—elastic force and 
weight of, at different 
temperatures, 182 

—— — existing in gases, 
corrections for, 443 

Arbor Diane, 960 

Arborescent crystals, 116 


| Are of voltaic flame, 299 


Arcanum corallinum, $43 

Archil, 1115 

Argentate of ammonia, 955 

Argenti nitras, 959 

Argentine flowers of anti- 
mony, 850 

Argentocyanurets, 965 

Argentofulminate of potassa, 
966 

Argentum vivum, 928 

Argol, or crude tartar, 1173 

Aricina, 1217 

Arragonite, 687 

Arrangement, of the utmost 
consequence to the 
successful 
chemistry, 107 

Arseniate of alumina, 1026 

ammonia, 884 

—— antimony, 889 


eed Seah 


study of. 
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Arseniate of baryta, 886 

bismuth, 889 

chromium, 917 

cinchonia, 1212 

—— cobalt, 889 

—— copper, 888 

—— lead, 888 

—— lime, 886 

—— magnesia, 887 

manganese, 887 

mercury, 950 

nickel, 889 

—— potassa, 884 

quinia, 1216 

silver, 967 

soda, 885 

strontia, 887 

tin, 888 

Arseniates, general charac- 
ters of the, 889 

Arsenic, 880 

its acid oxides, 881 

alloys, 897 

—— bromide, 890 

chloride, 889 

fluoride, 890 

gaseous compound with 

hydrogen, 891 

iodide, 890 

oxides, 881 

persulphuret, 893 

phosphuret, 897 

protosulphuret, 892 

red sulphuret, 892 

seleniuret, 897 

separation from metals, 

896 

sesquifluoride, 890 

sesquisulphuret, 892 

subsulphuret, 892 

sulphuret with iron, 897 

—— sulphurets, 892 

tests, 896 

white oxide, 881 

yellow sulphuret, 892 

Arsenic acid, 883 

Arsenical pyrites, or mis- 
pickel, 895 

Arsenio-persulphurets, 894 

Arsenio-protosulphurets, 894 

Arsenio-sesquisulphurets,894 

Arsenio-sulphurets, 894 

Arsenious acid, 881 

Arsenite of copper, 883, 897 

silver, 897, 967 

Arsenites, general characters 
of the, 889 

Arsenuret of antimony, 896 

cobalt, 896 

lead, 896 

nickel, 896 

tin, 896 

uranium, 889 

zine, 896 

Arsenurets, general charac- 
ters of the, 897 
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1426 


Arsenuretted hydrogen gas, 
: 891 . 


—w— decomposition of, 
2 SOR} 
Arterial, or aérated, blood, 
1347, 1413 > 


Artificial bitter, 1101 
camphor, 1147 
gems, 1041 
tannin, 1123, 1103, note 
Arundo sacchari ifera, or sugar 
_cane, 1073 
Asparagin, 1234 
Asparagus stone, 683 
Aspartates, 1235 
Aspartic acid, 1235 
Asphaltum, 1163 
Assafetida, 1157, note 
Assay of silver, 970 
Asses’ milk, 1361 
Astringent matters, 1101 
Atacamite, 816 
Athermanous bodies, 210 
Atmosphere, composition of 
the, 445, 447 
usually in a positively 
electrical state, 282 
Atmospheric air, accidental 
ingredients of, 451 
—— — constant components 
of, 451 
—— —.physical and chemi- 
cal properties of, 437, 
et seq. 
—— — power of supporting 
combustion, 453 
- electricity, cause of un- 
known, 273 
—— pressure affects the boil- 
ing points of liquids, 
49 


Atmospheérical refraction in- 
‘terferes with the ob- 
servance of celestial 
phenomena, 191 

Atomic symbols, 352 

theory, and chemical 

equivalents, general 
remarks on the, 234 

—— — valuable practical ap- 
plications of the, 238 

—— weights, 235 

—— — rules for the deter- 

mination of, 238 

_—+-— simple relations of to 
volumes, 236 

—— — of metals, relation of 
to specific gravity, 
594 

—— — and specific heats of 
elements and com- 
pounds, 163 

Atoms of simple substances, 
all have the same ea- 
pacities for heat, 162 

Atropa Belladonna, 1224 
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Atropia, 1224 

Attraction, 107 

adhesive, 109 

capillary, 108 

electrical, 241 

general results of, 107 

magnetic, 333 

—— opposed by heat, 131 

restrained by inertia, 

107 
— results of, influenced by 
- circumstances, 109 

—— of aggregation, 107 

—— — crystallization, 107 

—— — gravitation, 107 

— — surfaces of solids and 
liquids, 108 

Augite, or pyroxene, 1034 

Aurate of ammonia, 976 

Auric acid, 973 

oxide, 973 

Auro-perchloride of ammo- 
nia, 977 

—— potassium, 977 

sodium, 977 

Aurora Borealis, probably a 
natural electrical phe- 
nomena, 279 

Aurous oxide, 973 

Aurum musivum, 786 

Aurum potabile, 976 

Avanturine, 1028, note 

Axinite, 1035 

Azote, 406 

Azotie acid, 415 

Azotous acid, 413 

Azoture de fer, 737 

Azulmic acid, 1099 

Azure blue, 800 


Ba.ance electrometer, 264 

—— for taking specific gra- 
vities, 145 

Batpwin’s phosphorus, 216, 
678 


Balloons filled with hydrogen,. 
380 


Balsam of copivi, 1148 

—— sulphur, 1129 

Balsams, 1152 

Barilla and kelp are sources 
of soda, 660 

Barilla, value of, determined, 
638 


Barium, 689 

its borofluoride, 699 
cyanuret, 699 
ferrocyanuret, 752 
fluoride, 693 

iodide, 692 

oxide, 689 
peroxide, 393 

— phosphuret, 697 
salts, 699 
sulphocyanuret, 699 
—— sulphuret, 694 


Barking of a tree by li t 
ning, 276, note 
Barks, average quantity 
tannin i in, 1101 
useful in medicine and — 
the arts, 1245, e¢ seg, 
Barley, 1086 
Bar magnets, 332 ‘0 oS 
Barometer, 438 a 
mean height of ‘the e, 
174 | 
Barometers, gradual detail , 
oration of, 109 
Barometric column, oa = 
sion of, by elastic force 
of vapours, 182 
Baroselenite, 696 
Barya, 689 
Baryta, 689 
its acetate, 1318 
affinity for sulp 
acid, 233 
alloxanate, 1379 
amygdalate, 1156 
antimoniate, 852 
—— dntimonite, 851 
arseniate, 886 
benzoate, 1154 
—— binarseniate, 887 
binoxalate, 1184 
—— biphosphate, 698. 
bitartrate, 1175 
-—— borate, 699 
bromate, 693 mt 
——— bromide, 692 —_— 
butyrate, 1356 
caprate, 1357 
caproate, 1356, 1337 — 
carbazotate, 1125 
carbonate, 698 — 
-~—— chlorate, 691 
— chloride, 691 
‘chromate, 912 
citrate, 1191 
columbate, 928 
cyanate, 699 . i 
Gana | etherophosphate, 1294 
hireate, 1401 - + 
—— hydrate, 690 
—- hyposulphate, 695 
—— hyposulphite, 694, 697 ; 
iodate, 692 
—— indigotate, 1127 
lactate, 1363 
—— muriate, 691 
—— molybdate, 902 
—— nitrate, 693 
oleate, 1142 
oxalate, 1184 
peroxide, 690 
phocenate, 1404 
—— phosphate, 697 _ F 
—— phosphite, 697 i 
platinate, 992 et 
> platinesbighia = 903 t 
——— purpurate, 1377 | 


Sala 4 
ta f 
il 


; 


_ Baryta, its quater-hydrated 


: 


hyposulphate, 695 
seleniate, 698 


-—— selenite, 698 


— sesquiphosphate, 697 
— silicate, 1033 
silicofluoride, 1032 
stearate, 1139 
subsesquiarseniate, 887 
succinate, 1161 
sulphate, 695 
sulphite, 694 
sulphovinate, 1292 
tannate, 1105 
: tartrate, 1175 
tartrovinate, 1303 
urate, 1376 
Baryta-water, 690 
Barytic Harmotome, 1035 
salts, properties of, 699 
Barytosulphate of strontia,703 
Bases, affinity of, for sul- 
phuric acid, 233 
and acids, equivalent 
numbers of, 237 


Bassorin, 1070 $ 


Bastard saffron, 1113 
Baume’shydrometer, 1270, n. 
Bay salt, fishery salt, &c., 648 
Bean-shot copper, 820 
Beech-nut oil, 1133 


Beer, manufacture of, 1257 


Bees’ wax, 1134 

Beet sugar, 1080, note 

Bell metal, 828 

Bells, electrical peal of, 259 

Bengal, mode of obtaining 
ice in, 221 

Bennet’s gold-leaf electro- 
meter, 246 

Benzamide, 1151 

Benzine or benzoine, 1152 


-Benzoate of alumina, 1195 


ammonia, 1154 
antimony, 1155 
baryta, 1154 


— bismuth, 1155 


cobalt, 1155 
copper, 1155 


= iron, 1154 


lead, 1155 

—— lime, 1154 

- magnesia, 1154 
manganese, 1154 
—— mercury, 1159 

—— nickel], 1155 
potassa, 1154 

— silver, 1155 

— soda, 1154 
strontia, 1154 

tin, 1154 

— uranium, 1155 
zine, 1154 

Benzoic acid, 114, 1152 
ether, 1300 
Benzoin, flowers of, 1152 


GENERAL INDEX. 


Benzoin gum, 1152 
Benzoine or benzine, 1152 
Benzole, 1154 
Benzone, 1154 
Benzule, 1149 
—— its bromide, 1150 
chloride, 1150 
cyanuret, 1151 
iodide, 1150 
—— hydruret, 1150 
sulphuret, 1150 
Berillium, or glycium, 1009 
Beryl, 1009 
Beta vulgaris, 1081 
Bezoar mineral, 851 
Bibasic phosphate of water, 
492 
Biborate of ammonia, 582 
Bicarbonate of ammonia, 533 
lithia, 670 
potassa, 641 
soda, 663 
Bicarburet of hydrogen, 546 
nitrogen, 560 
Bichloride of iridium, 1007 
mercury, 935 
molybdenum, 903 
palladium, 999 
platinum, 991 
titanium, 873 
Bichromate of ammonia, 910 
chloride of potassium, 
911 
potassa, 911 
soda, 912 
Bicoloric acid, 1198 
Bicyanuret of mercury, 947 
Biferrocyanuret of potassium, 
50 


Bifluoride of molybdenum, 
904 


—— titanium, 873 

Bifulminate of silver, 966 

Bihydrate of indigo, 1123 

Bihydrocarbon, 541 

Bihydroguret of carbon, 539 

Bile, 1364 

necessary to form chyle, 
1411, note 

Biliary calculi, 1366 

Bimargarate of potassa, 1140 

Bimolybdate of ammonia, 901 

Binarseniate of ammonia, 884 

baryta, 887 

potassa, 884 

soda, 885 

Binarsenuret of nickel, 896 

Binhydrate of etherine, 1285 

—— methylene, 1326 

Biniodide of mercury, 939 

molybdenum, 904 

Binoxalate of ammonia, 1181 

baryta, 1184 

potassa, 1182 

Binoxide of calcium, 673 

—— iridium, 1006 
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Binoxide of lead, 835 

manganese, 721 

molybdenum, 900 

—— nitrogen, 411 

osmium, 1004 

palladium, 998 

Binurate of ammonia, 1375 

Biphosphate of ammonia, 495 

baryta, 698 

lead, 842 

—— lime, 685 

lithia, 669 

potassa, 634 

soda, 657 

Bipyrophosphate of soda, 658 

Biscuit-ware, 1035 

Biselenite of nickel, 806 

potassa, 635 

Biseleniuret of mercury, 947 

Bismuth, 861 

its acetate, 1323 

arseniate, 889 

benzoate, 1155 

borate, 865 

bromide, 863 

carbonate, 865 

— chlorate, 863 

chloride, 862 

chromate, 914 

citrate, 1192 

crystals by fusion, 113 

ferrocyanuret, 865 

—— fluoride, 863 

fusible alloy expands by 
cooling, 137 

fusible alloys, 865 

—— hydruret, 863 


—— hyposulphate, &64 


—— iodate, 863 

—— iodide, 863 

—— nitrates, 863 

— oxalate, 1186 
oxichloride, 862 
oxides, 861 

— phosphate, 865 
phosphuret, 865 
protoxide, 861 
—— salts, 866 
seleniuret, 865 
subchloride, 862 
subnitrate, 863 
subsulphate, 864 
sulphates, 864 
sulphuret, 864 
supersulphate, 864 
tartrate, 1178 
trisnitrate, 864 
Bismuthate of potassa, 862 
Bismuth ochre, 862 
Bistearate of potassa, 1138 
Bisulphate of cobalt, 799 
glucina, 1010 
—— lithia, 669 
morphia, 1203 
potassa, 632 

— soda, 655 
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Bisulphite of soda, 652 

Bisulphuret of carbon, 573 

cobalt, 798 

—— hydrogen, 481 

iron, 739 

—— mercury, 944 

molybdenum, 904 

~ platinum, 993 

—— potassium, 629 

sodium, 652 

—— tin, 785 

titanium, 873 _ 

vanadium, 920 

Bitartrate of baryta, 1175 

potassa, 1170, 1173 

soda, 1174 

Bitter almonds, 1156, note 

extractive, 1100 
Bittern, 117, 376, 707, 710 

Bitumens, 1163 

Black ash yields iodine, 371 

coal, 1164 

— flux, 641 

lead, 513 

lines in the prismatic 
spectrum, 198 

lotion, 936 

marble, 687 

oxide of iron, 733 

—— — of manganese yields 

oxygen, 358 

—— pepper, 1234 

sulphuret of copper, 819 

surfaces, influence of, 
upon the reception of 
solar radiant heat, 
207, note 

writing ink, 1105, note 

Blane de fard, or pearl white, 

863 


Blanched or dead silver, 969 

Bleaching by chlorine, 364 

by sulphurous acid, 461 

liquor, extemporaneous, 
615 

— powder, 674 

—— — composition of, 676 

—— — strength of, ascer- 
tained, 675 

wax, 1134, note 

Blende, 774. 

Hlisteted steel, 765 

Blood, 1337 

its arterial and venous 
states, 13847, 1413 

blackening, 1347 

—— buffy coat, 1337 

changes in the lungs, 
1412 

coagulation, 1337 

colouring matter, 1346 

composition, 1350 

crassamentum, 1343 

detection, 1349, 1353 

diseased state, 1351 

—_— pyeiiy 1343 


GENERAL INDEX. 


Blood, its odour in man and 
animals, 1348 
preservation, 1349 

reddening, 1347 
serum, 1338 
stains detected, 
1352 
Bloodstone, 1028, note 
Blowpipe, observations re- 
specting the use of the, 
589, note 
oxidation and reduction 
by, 590, note 
flame, action on com- 
pounds of nickel, 811 
—— — internal and exter- 
nal, 589, note 
fluxes for assays by the, 
590, note 
Blue carbonate of copper, 825 
dyes, 1118 
—— ink, 1105, note 
—— litmus test paper for de- 
tecting acids, 232, 
note 
—— pill, 929 
verditer, 825, note 
vitriol, 821 
and black colouring mat- 
ter of urine, 1388 
Boa constrictor, excrements 
of the, 1375, 1376 
Bodies, electrolytic order of, 
] 


1349, 


Boilers for illustrating the 
effects of steam, 177, 179 

Boiling, definition of the term, 
175 

—— in vacuo, 175, 176 

Boiling point of water affected 
by extraneous mat- 
ters, 174 

—— — affected by diminu- 


tion and increase of. 


pressure, 175 
Boiling points, tables of, 174, 
175, 178 


? 
Boletates, 1197 
Boletic acid, 1197. 
Boletus pseudoigniarius, 1197 
Bologna, or Bolognian phos- 
phorus, 215, 696 
Bologna vials, or proofs, 1040 
Bone earth yields phosphorus, 
484 
Bone and ivory, 1408 
Boracic acid, 850 
Boracite, 716 
Borate of alumina, 1026 
ammonia, 581 
baryta, 699 
bismuth, 865 
cadmium, 792 
cobalt, 800 
copper, 825° 


/|—— iron, 757 


Borate of Jead, 847 
— its use in glass mak- 
ing, 1041, note 

—— lime, 688 

—— lithia, 670 

magnesia, 716 

manganese, 739 

mercury, 950 

nickel, 807 

potassium, 645 

silver, 964 

soda, 665 

— — (octoédral), 666 

strontia, 704 

tin, 787 

zine, 777 

Borax, a source of boracie 
acid, 580 

commercial varieties of, 
665 4 

octoédral variety, 686 

Borofluoride of barium, 699 

potassium, 645 q 

sodium, 666 

Boron, 579 

its action on metals, 

—— chloride, 582 

fluoride, 582 

—— sulphuret, 583 

Boruret of iron, 757 ) 

Bottle for specific gravities, 

146 


Bouquet, or perfume of wines, 
1262 q 


Bournonite, analysis of, 859, _ 
note 
Brain, analysis of, 1406 
Brandy, 1260 
Brass, its analysis, 829 
expansion by heat, 131, 
135 
manufacture, 827 
Brass and steel, unequal ex 
pansion ‘and contrac= 
tion of, 135 ji 
Bread made from wood, 1096 
Breathing nitrous oxide, 408 
Brecvet’s thermometer, 138 
Brimstone, 457 4 
Bristol or-Cornish diamonds : 
1028, note 4 
Britannia metal, 859 
British copper coin, table o A 
832 . 


gold coin, table of, 980 q 

silver coin, table of, ‘968 

gum, 1088 4 

Brittleness of metals, 588 - 

Brittle sulphuret of ole 
962 

Bromal, 1280 

Bromate of ammonia, 434 

baryta, 693 

lead, 988 

— lime, 677 

—— mercury, 941 


Bromate of potassa, 619 
—— strontia, 701 
tin, 784 
Bromic acid, 377 
‘Bromide of aluminum, 1021 
: arsenic, 890 
barium, 692 
benzule, 1150 
—— bismuth, 863 
cadmium, 791 
calcium, 677 
carbon, 538 
cerium, 876 
chromium, 916 
cobalt, 796 
ethule, 1306 
gold, 977 
iron, 736 
lead, 838 
magnesium, 708 
mercury, 940 
molybdenum, 904 
— nickel, 803 
— nitrogen, 426 
phosphorus, 498 
potassium, 619 
silicium, 1030 
silver, 958 
sodium, 650 
strontium, 701 
sulphur, 477 
uranium, 868 
—— yttrium, 1015 
zine, 773 
Bromine, 376 
its action on metals, 596 


rine, 377 
—— —with hydrogen, 402 
—— — with iodine, 377 
— — with oxygen, 377 
eyanuret, 568 
hydrocarburet, 545 
Bromoform, 1306 
Bromosulphuret of mercury, 
945 
Bronze, analysis of, 830 
formation of, 828 
— powder, 786 
Bronzing liquid for tin me- 
dals, 788 
with copper, 813 
Brown coal, 1164 
quartz, 1028, note 
Brucia, 1221 
Brucia, sulphuret of, 1222 
Brunswick green, 815, 1177 
Brush of electric light, 261, 
note 
Bryonin, 1239, note 
Buffy coat of the blood, 1337 
Buildings, lightning con- 
- ductors for, 274 
heated by the circula- 
tion of warm water, 141 
Butter, 1354 


combination with chlo- 
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Butter of antimony, 853 
arsenic, 889 
bismuth, 862 
—— tin, 783 

zine, 772 
Butyrate of ammonia, 1356 
baryta, 1356 
copper, 1356 
lead, 1356 

— lime, 1356 - 
potassa, 1356 
soda, 1356 
strontia, 1356 
Butyric acid, 1355 
Butyrin, 1354 


Capmium, 789 
its acetate, 1319 
alloys, 792 
borate, 792 
bromide, 791 
carbonate, 792 
chloride, 790 
chromate, 913 
fluoride, 791 
—— hyposulphate, 791 
iodide, 790 
molybdate, 902 
oxalate, 1185 
oxide, 790 
—— phosphate, 792 
—— phosphuret, 792 
protoxide, 790 
salts, 792 
sulphate, 791 
sulphuret, 791 
Caffeie acid, 1199 
Caffein, 1236 
Cahincic acid, 1199 
Caking coal, 1164 
Calamine, 776 
Caleareous spar, mechanical 
dissection of, 118 
Calcined mercury, 930 
borax, 665 
Calcium, 671 
its ammonio-chloride, 
674 
bromide, 677 
binoxide, 673 
chloride, 673 
eyanuret, 688 
ferrocyanuret, 752 
fluoride, 677 
iodide, 677 
oxide, 671 
oxychloride, 674 
pentasulphuret, 679 
peroxide, 673 
phosphuret, 682 
platinochloride, 993 
—— seleniuret, 689 
sulphocyanuret, 688 
sulphuret, 679 
Calculi consisting of four de- 
posits, 1390 


co 
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Calculi consisting of one de+ 
posit, 1390 
—— — three deposits, 1390 
—— — two deposits, 1390 — 
of ammonio-magnesian 
phosphate, 1391 
cystic oxide, 1391 
oxalate of lime, 1391 
—— phosphate of lime, 1391 
silica, 1393 
the prostrate gland,1391 
urate of ammonia, 1391 
uric acid, 1391 
table of, 1390 
Calculous concretions, 1389 
Calendulin, 1070 
Calomel, 932 
Caloric, 131 
Calorimeter, 161, note 
Calorimotors, construction 
of, 290 
Campeachy wood, 1113 
Camphene, 1144 
Camphogen, 1144 
its hydrate, 1147 
hydrochlorate, 1147 
Camphor, 1145 
artificial, 1147 
Camphorates, 1146 
Camphoric acid, 1146 
Candle or fire crackers, il- 
lustrate upon a small 
scale the powerful 
effects of high-pres- 
sure steam, 177 
Candles, light of, compared 
as to intensity, 559 
—— and soap, manufacture - 
of, 1401 
Cane juice, constiiuents of, 


73> 

sugar, 1073, 1077 
Cannel coal, 1164 
Cantharadin, 1404 
Canron’s phosphorus, 216 
Caoutchouc, 1162 
Caoutchoucisin, 1162 
Capacities for heat, 161 
— of all simple cub- 

stances alike, 162 
Capacity for heat affected by 

density, 164 

Capillary attraction, 108 
— influences crystalli- 

zation, 116 
Capnomor, 1169 
Caprate of baryta, 1357 
Capric acid, 1357 
Caproates, 1357 
Caproic acid, 1356 
Caput mortuum vitrioli, 741 
Caramel, 1078 
Carat weights, 508 
Carbamide, 519 
Carbazotates, 1124. 
Carbazotate of ammonia,1124 
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copper, 1126 

lead, 1126 

—— lime, 1125 

magnesia, 1125 

potassa, 1125 

silver, 1126 

soda, 1125 

Carbazotic acid, 1123 

Carbon, 508 

its bihydroguret, 539 

pisulphuret, 573 

bromide, 538 

chloride, 534 

combination with me- 
tals, 602 

dichloride, 536 

equivalent 
1386, note 

fluoride unknown, 538 

— hydrates, 1064 

—— hydriodide, 544 

—— hydrobromide, 545 

—— hydroguret, 541 

phosphuret, 574 

plumbago a form of, 513 

protochloride, 536 

protiodide, 537 

protoxide, 517 

pure and common 
forms, 508, et seq. 

—— seleniuret, 575 

sesquichloride, 535 

sesquiodide, 537 

vapour, 531, 532, note 

Carbonaceous lignin, 1086 

Carbonium, 514 

Carbonate of alumina, 1025 

a ammonia, 532 

ammonia & cobalt, 800 

—— -— and magnesia, 715 

— — and nickel, 807 

baryta, 698 

bismuth, 865 

cadmium, 792 

chromium, 917 

cinchonia, 1213 

cobalt, 799 

copper, 824 

—— glucina, 1011 

iron, 745 

lead, 843 

— lime, 686 

—— lime, native, 686 

—— — and magnesia, 716 

—— lithia, 670 

magnesia, 714 

manganese, 718, 729 

nickel, 806 

potassa, 635 

—— -— purified, 641, note 

— —and magnesia, 715 

silver, 964 

soda, sources of, 660 

—  — and magnesia, 716 


number, 


— -strontia, 704 


Carbazotate of baryta, 1125 | 
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Carbonate of tin, 787 

yttria, 1016 

zine, 776 

zirconia, 1014 

Carbonates, 530, 602 

Carbonic acid, 519 

— abstracted in organic 

analysis, 1059 

—— — aqueous solution of, 
529 

—— — combines with me- 
tallic oxides, 602 

—— — constitution of, 531, 
532, note 

—_—= destroys life, 528 

—— — evolution during fer- 
mentation, 1260 

—— — exists in the atmo- 
sphere, 530 

—— — liquid, tension of its 
vapour, 527 

— — preparation, liquifac- 
tion, and solidification 
of, 522 

—— — presence of detected, 
530 

—— — present in the atmo- 
sphere, 447, 448, nole 

—— = retards putrefaction, 
531 


—— — solid, mercury frozen 


by, 528 

Carbonic ‘ether, 1298 
oxide, general charac- 

ters of, 525 
Carbosulphurie acid, 574 
Carburet of cerium, 876 
copper, 824 
iridium, 1008 
iron, 744 
lead, 843 
manganese, 729 
nickel, 806 
—— nitrogen, 562 
palladium, 1000 
potassium, 635 
selenium, 575 
silicium, 1032 
Carburets, metallic, 602 
Carburetted hydrogen, 539 
Carminium, 1116 
Carnelian, 1028, note 
Carthamic acid, 1113 
Carthamine, 1113 
Caryophyllate of ammonia, 


Case-hardening, 766 
Caseate of ammonia, 1359 


| Caseous oxide, 1359 


Caseum, 1358 
Cassel-yellow, 837 
Cast iron, 759, 763 


| Cast steel, 765 
| Castor oil, 1131 
Catalysis, 1310 
Catechucic acid, 1109 


Caustic potash, 609 


| Celestine, 703” 


Changes 


Charcoal, 510 


Cathartin, 1238 
Cathelectrode and anele Ca 

trode defined, 298 
Cations and anions, 309 


, 
3 


soda, 647 
Cawk, or native sulphate of 
baryta, 696 “a 
Celestial phenomena, ob= 


servanee of, affected 
by atmospheric re- 
fraction, 191 = 


Cell for electrolytical experi: 
ments, 310 | 4 
Cements and mortars, 1037 
Centigrade thermometer, fe 
Cerates and ointments, 1134 
Cerebral substance, — 
Cerin, 1135 
Cerine, 1135 
Cerite, or heavystone, B74 
Cerium, 874 
its acetate, 1324 
bromide, 876 
carburet, 876 
chloride, 875 
—— hyposulphate, 876 
oxalate, 1186 
oxibromide, 876 
percarbonate, 877 
peroxide, 875 
—— persulphate, 876 
phosphuret, 876 . 
protocarbonate, 877 
protophosphate, 876 
protosulphate, 876 
protosulphate with po-— 
tassa, 876 4 
protoxide, 874 | 
— salts, 877 
- sesquioxide, 875 
subperoxide, 875 
sulphuret, 876 
tartrate, 1178 
Ceroxyd-oxidul, 875 : 
Ceroxylon yields wax, 1134 _ 
acme of potassa, 
112 
Cerulin, vot a 
Cerumen of the ear, 1406 
Ceruse, or white lead, 843 
Cetene, 1403 
Cetin, 1402 
Cevadie acid, 1223, note 
Chabasite, 1035 be 
Chalcedony, 1028, note “a 
Chalk-stones, 1376 - 
consequent upon 
chemical action, 229, 
et seq. 


- absorbs aqueous vapour 
511 

——— — pases, 511 

destroys odour, 510 


Caw 


pS ee 


— general characters of, 
_ —— its ignition by the voltaic 


_— — in chlorine, 363 


— — change of colour a 


_ —— — definite results of 234 


Chemieal philosophy, histori- 


- _ 
ma Fe 
S 


Charcoal, discolouring power 


of, 510, 512 
510 
battery, 299 


of animal 
512 
— — coal gas, 513 
— — wood, 509, e¢ seq. 
quantity of, yielded by 
different woods, 510 
Chaux carbonatée lente, 717 
Cheese, 1358 
Chemical action, anomalous 
cases of, 233 


substances, 


common but important 
result of, 231 

— — change of state or 
form sustained by the 
acting bodies, 232 


—— —independent of me- 
tallie contact, is the 
source of electricity in 
voltaic arrangements, 

320 

— — intense, attended by 
the evolution of heat 
and light, 239 

—— — produces electricity, 


283 

—— — promoted by over- 
coming aggregation, 
229 


—— — various striking and 
important results, 229 
attraction or affinity, 
- general results of, 229 
changes presented by 
nature, 231 
combination and decom- 
position, theory of, 232 
—  —ensues in certain 
proportions only, 234 
effects of solar rays, 199 
equivalents, synoptic 
scale of, 237 
—and the atomic theory, 
234, et seq. 


cal sketch of its origin and 
progress, 1; definitions of 
by L’Emery, Bergman, 
Black, Foureroy, Gren, 
Thomson, 1, note; by Davy 
and Boerhaave, 2, note ; 
supposed derivation of the 
word Chemistry by Bryant, 
Palmer, Young, Boer- 
haave, and Fourcroy, 2, 
note; fathers of chemical 
philosophy, Bacon, Boyle, 
Hooke, Mayow, and New- 
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ton, 2; Lord Bacon’s cha- 
racter of an inquirer into 
nature, 3; Sir F. W. Her- 
schell’s observations in re- 
ference to the ends and 
objects of chemical science, 
4; objects of alchemy, 5; 
transmutation, 5; Hermes 
Trismegistus, his Tracta- 
tus Aureus, 6; Geber’s 
works, 6; Artephius, 6; 
Roger Bacon, his charac- 
ter, and list of his works, 
7, and note, 8; the supposed 
inventor of gunpowder, 8 ; 


‘anagram of its composition, 


8, note ; Albert of Cologne, 
8; Aquinas, Raymond Lul- 
ly, 9; Isaac and John of 
Holland, Flammel, Sal- 
mon, Ripley, and Ashmole, 
9; Van Helmont and 
Bergman’s opinion of trans- 
mutation, 11; Helvetius, 
his narrative of a transmu- 
tation, 11; Sir Kenelm Dig- 
by, 13 ; Mangetus, his anec- 
dote of a transmutation, 13; 
formula for preparing the 
philosopher’s stone by Ca- 
rolus Musitanus, 14; mode 
of projecting, 16; Elias 
Ashmole,16; Thomas Nor- 
ton, 17; Dr. Price, his 
belief in transmutation, 17; 
Peter Woulfe, anecdotes 


concerning him by the | 


author, 17; alchymical ap- 
paratus, 18 ; contempora- 
ries with the alchemists, 
18; Basil Valentine, his 
Haliographia and Currus 
Triumphalis, 19; describes 
aqua-fortis, oil of vitriol, 
and sulphate of iron, 20; 
improvements in the manu- 
facture of oil of vitriol by 
Drs. Ward and Roebuck, 
21; Basil Valentine’s pane- 
gyric on antimony, 22; 
Paracelsus, his real name, 
22; his contemporaries, 
Theodore de Mayerne, Du 
Chesne, and Crollius, 23 ; 
Schréder’s Chemico-Medi- 
cal Pharmacopeia,24; Van 
Helmont, his works, 25; 
introduces the term gas, 
25; chemistry of the 17th 
century, 25; notice of Lord 
Bacon, 25; Glauber, his 
works, 26; discovers vola- 
tile alkali, sal mirabile, 
pyroligneous acid, and mu- 
riatic acid, 28; improyes 


1431 


Chemical philosophy (coné.) | Chemical philosophy (coné.) . 


and invents much appara- 
tus, 28; early proceedings 
of the Royal Society, 29 ; 
and of the Royal Academy 
of Sciences, 29; character 
and works of Boyle, 30; 
note concerning Hooke, 
30; Hooke’s Micographia, 
31; his notions about com- 
bustion, 82; on the calci- 
nation of metals, by Le 
Brun and Rey, 32; Hooke 
hints at oxygen, 32; Ma- 
yow’s tracts on philoso- 
phical subjects, 33; theo- 
ries of combustion by Bec- 
cher and Stahl, 35; Ma- 
yow hints at oxygen, 395 
discovers hydrogen gas, 36; 
experiments upon respira- — 
tion and chemical affinity, 
36; Newton on chemical 
affinity, 38; Geoffroy, Gel- 
lert, Limbourg, and Berg- 
man’s tables of chemical 
affinity, 39;  Berthollet, 
Davy, Pfaff, Higgins, 
Richter, Wollaston, Dal- 
ton, and Gay-Lussac, on 
the atomic theory, 40; in- 
vention of the thermome- 
ter, 42; the academicians 
del Cimento, improve the 
thermometer, 42; Boyle, 
Halley, and Newton, de- 
termine a proper scale for 
its graduation, 43; Fahren- 
heit, Réaumur, and the 
Centrigrade scale, 43; ano- 
malous expansion of water 
by cold, observed by the 
Florentine academicians, 
44; their simple narrative 
of the experiment, 44, note; 
experiments of Drs.Croune 
and Wallis on the expan- 
sion of water by cold, 45; 
radiation, reflection, and 
refraction of heat, experi- 


- mented upon by theFloren- 


tine academicians, Mus- 
chenbroek, De Marian, 
and others, 45; chemistry 
of the 18th century, 46; 
Dr. Hales founds pneuma- 
tic chemistry, and invents 
methods of operating with 
gases, 47; experiments 
much upon respiration and 
vegetation, 48 ; on the mo- 
tion of sap in vegetabies, 
and the moisture they ab« 
sorb from the soil, or lose 
by transpiration, 49 to 52 ; 
Herman Boerhaave, a con- 
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temporary with Hales, no- 
tice of him and his works, 
52, and note,53; Dr. Black, 
his character as a lecturer, 
- 54, note ; his writings, 55 ; 
_ discovers the cause of caus- 
ticity of the alkalis and 
earths, 56; Macquer, 55, 
note; Macbride verifies 
Black’s experiments, 56; 
Black’sresearches on latent 
heat, 56 and 573 on va- 
porization and the produc- 
tion of cold by evaporation, 
58; notice of Dr. Cullen, 
59, and note; James Watt, 
60, and note; Black’s 
theory of latent heat as 
connected with the steam- 
engine, 60, note; Watt’s 
capital improvement of the 
steam-engine, 61; sketch 
of his character by Sir 
‘Walter Scott, 62; Dr. 
Priestley’s observations on 
different kinds of air, 63 ; 
discovers dephlogisticated 
air or oxygen, 63, and ni- 
trous oxide, 64; experi- 
ments on air spoiled by 
animal respiration, 65; in- 
vents the mercurial trough, 
and discovers gaseous mu- 
riatic acid and ammonia, 
66; his vitriolic acid air, 
note, 66; mentions the dis- 
covery of dephlogisticated 
air at Lavoisier’s table, 
67, note; nitrogen dis- 
covered by Rutherford, 68 ; 
Franklin’s notice of Priest- 
ley’s discoveries, 69, note ; 
Bergman, his great talents 
as an’analyst, 70; his essay 
‘on mineral waters, and 
tests for their analysis, 71 
to 73; his experiments on 
the solution of metals, me- 
tallic precipitates, and his 
table of the elective attrac- 
tions of fixed air, 74 to 76 ; 
his successors in analytical 
chemistry, Kiaproth, Vau- 
quelin, and Stromeyer, 76 
and 77, note; Memoir of 
Chenevix,77 ; notice of the 
Hon. E. Howard, 78; Ca- 
vendish, his two capital 
discoveries, 79; first bal- 
loon ascent, by Charles and 
Robert, 79; ascent by Biot 
and Gay-Lussac, 80; dis- 
covery of the composition 
of water, due to Watt and 
Cavendish, 81; Scheele, a 
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contemporary with Caven- 
dish, his observations on 
air and fire, 81; discovers 
chlorine, 83; experiments 
on fluor-spar, 83; on arse- 
nite of copper and sugar of 
milk, 83 ; on the colouring 
matter of Prussian blue, 
discovered by Diesbach, 
84; discovers prussic acid, 
84; Lavoisier, his re- 
searches on heat, 85; on 
the principles of nomencla- 
ture \ and on combustion, 
86; on the combustion of 
the diamond, and on the 
nature of neutral salts, 87 
to 88; his claims to origi- 
nality considered, 89, 90, 
note; Guyton - Morveau, 
Fourcroy, and Chaptal, 
notice of their labours, 91 
and note; observations on 
the principles of nomen- 
clature, 92; Galvani dis- 
covers electricity produced 
by the contact of metals, 
93; his discovery followed 
up by Volta and Davy, 93, 
who investigates the de- 
composition of water, and 
decomposes the alkalis by 
the voltaic pile, 94to 95; 
his researches on chlorine, 
95; his discovery of the 
safety-lamp, 97; biographi- 
cal memoir of Davy, 97 to 
102; the author’s introduc- 
tion tohim, 98 ; specimens of 
his correspondence, 98; his 
latter days, 100; account 
of his last moments by Dr. 
Tobin, 101, and by Dr. 
John Davy, 102; his in- 
terment at Geneva, 102; 
Dr. Wollaston, his eontri- 
butions to science, 102; 
his microscopic chemistry, 
103; his illness and death, 
163; delineation of the in- 
tellectual portraits of Davy 
and Wollaston, by Dr. 
Henry, 104 ; notice of Pro- 
fessor ‘Turner, 105 
Chemical powers of the voltaic 
pile, 303 
symbols, 348, 351 
Cherry coal, 1164 
Cherry-tree gum, 1070 
Chica red, 1115 
China, oriental, 1036 
Chimneys, theory of the ac- 
tion of, 144 
Chitin, 1410, note 
Chloral], 1304 


ammonia, 432 
antimony, 854 
baryta, 691 
bismuth, 863 
cinchonia, 1212 
copper, 816 
iron, 736 
lead, 837 
—— lime, 677 
magnesia, 708 
manganese, 726 
mercury, 938 
potassa, 613 
— decomposition by 
heat, 358 
quinia, 1216 
silver, 957 
soda, 649 
strontia, 701 
zine, 772 
Chlorhydric acid, 394 
Chloric acid, 369 q 
— action on metals, 595 
Chloride of aluminum, ‘1017, 
1020 
antimony, 853 
—— arsenic, 889 
barium, 691 
benzule, 1150 
bismuth, 862 
boron, 582 
bromine, 377 
cadmium, 790 
calcium, 673 
carbon, 534, et seq. 
cerium, 875 
chromium, 915 
cobalt, 796 
columbium, 928 
copper, 815 
cyanogen, 567 
etherine, 548 
ethule, 1303 
gold, 974 
—— glucinum, 1010 
—— hydrocarbon, 543 » 
iodine, 375 4 
lead, 836 f. 
—— lime, 674 
—— lithium, 668 
magnesia, 708 
magnesium, 705, §706 | 
naphthalin, 553 
nickel, 803 
—— nitrogen, 424 
osmium, 1004 2 
—— phosphorus, action of 
on ammonia, 497 | 
platinum, 990 
potassium, 612 aM 
—— — bichromate of, 91] — 
rhodium, 1001 _ ; 
selenium, 506 
— silicium, 1029 
—— silver, 956 


ns 


‘Chloride of soda, 649 


—— sodium, 647 
— — source of chlorine,362 
——-— sources, uses, and 
decomposition of, 648 
—— sodium and nitrate of 
copper, 818 
—— strontium, 701 
sulphur, 476 
tellurium, 879 
tin, 781 
titanium, 873 
tungsten, 924 
uranium, 868 
— vanadium, 920 
—— yttrium, 1015 
zine, 772 
zirconium, 1013 
Chlorides, 365, 594 
Chlorine, 362 
its action on metals, 594 
aqueous solution, 364 
bleaching power, 364 
cyanuret, 566 
destruction of conta- 
gious matter, 364 
elementary nature, 363 
evolution from hydro- 
chloric acid, 399 
— general characters, 362 
—— hydrate, 363 
liquifaction, 363 
peroxide, 368 
protoxide, 365 
Chloriodie acid, 375 
Chlorite of soda, 649 
Chloroearbonate of ammonia, 
518 
Chlorocarbonic acid, 517 
ether, 1298 
Chlorocyanate of ammonia, 
567 
Chlorocyanic acid, 566 
Chloroform, 1305, 1325 
Chloronitrous gas, 413 
Chlorophane, 678 
Chlorophenesie acid, 551 
Chlorosalicine, 1232 
Chlorosulphuret of mercury, 
; 945 
Chlorous acid, 368 
and zincous poles of 
the voltaic battery, 305 


- Chloroxiearbonic acid, 517 


Choak damp, 529 
Choleic acid, 1366 
Cholesterine, 1365, 1366 
Chromate of ammonia, 910 
antimony, 914 
baryta, 912 

— bismuth, 914: 
cadmium, 913 
chromium, 915 
cobalt, 913 

copper, 913 

iren, 913 
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Chromate of lead, $13 

—— lime, 912 

—— lithia, 912 

magnesia, 912 

manganese, 912 

mercury, 950 

molybdenum, 915 

nickel, 913 

potassa, 910 

silver, 967 

soda, 912 

strontia, 912 

—- tin, 913 

uranium, 915 

zine, 913 

Chromic acid, 909 

Chromium, 906 

its alloys, 918 

ammonia-sulphate, 917 

arseniate, 917 

bromide, 916 

carbonate, 917 

chromate, 915 

chloride, 915 

deutoxide, 908 

dichromate, 907 

— fluorides, 916 

iodide, 916 

molybdate, 917 

— nitrate, 916 

oxalate, 1186 

oxichloride, 915 

oxides, 907 

perchloride, 915 

perfluoride, 916 

——- phosphate, 917 

— phosphuret, 917 

potassa-sulphate, 917 

salts, 918 

sesquichloride, 915 

sesquioxide, 907 

sulphate, 917 

—— — with ammonia, 917 

sulphite, 916 

sulphuret, 916 

terchloride, 915 

terfluoride, 916 

Chromosulphate of potassa, 
917 


Chrysobery], 1009 
Chrysocolla, 825 
Chrysolite, or olivin, 1033 
Chrysoprase, 1028, note, 
Chyle, 1411 

Chyme, 1411 
Cinchonate of copper, 1219 
lead, 1219 

lime, 1219 

silver, 1219 
Cinchonates, 1219 
Cinchonia, 1210 

its acetate, 1212 
arseniate, 1212 
carbonate, 1213 
chlorate, 1212 

—— dihydrochlorate, 1212 
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Cinchonia, its distinctive 
characters, 1216 

disulphate, 1212 

gallate, 1212 

—— hydrochlorate, 1212 

iodate, 1212 

— nitrate, 1212 

oxalate, 1212 

sulphate, 1211 

Cinchonie acid, 1218 

Cinchonine, 1210 

Cinnabar, 944 

Cinnamic acid, 1152, n., 1157 

Cinnamule, 1157 

Circular magnetic coil, 342 

Circulation of heated water, 

14] 

Citrene, 1147 

its hydrochlorate, 1148 

Citrate of ammonia, 1190 

baryta, 1191 

bismuth, 1192 

cobalt, 1192 

copper, 1192 

iron, 1191 

lead, 1192 # 

—— lime, 1189, 1191] 

—— lithia, 1191 

magnesia, 1191 

manganese, 1191 

mercury, 1192 

——- nickel, 1192 

potassa, 1190 

silver, 1192 

soda, 1190 

strontia, 1191 


| ——‘tin, 1191 


uranium, 1192 

zine, 1191 

Citrates, 1190, et seq. 

Citric acid, 1189 

ether, 1303 

Citronyle and citryle, 1148 

Classification of simple or 
elementary substances, 
348 

Clay, varieties of, 1034 

crucibles, various, 1036 

iron ore, 745 

Claying sugar, 1075 

Cleavage a of crystals, 
11 

Clichy white, 846 

Clocks, rate of affected by 
heat, 135 

Clouds, influence of in pre- 

venting radiation, 220 

production of, 173 

Coagulable lymph, 1344 

Coagulation of the blood, 
1337 

Coagulum of blood, 1343 

chyle, 1412 

Coal, 1164 

destructive distillation 

of, 554 
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Coal-gas, production of for 


artificial illumination, | 


554, 555, note 
- tests of its purity, 555 
charcoal, 513 
Coal-mines, fire-damp of, 539 
Coal-naphtha, 550 
Coal-oil, 550 
Coated glass pane, forshewing 

induced electricity, 262 

Cobalt, 793, and note 
its acetate, 1320 
ammoniated oxide, 797 
ammonio-carbonate, 800 
ammonio-nitrate, 797 
ammonio-sulphate, 799 
antimoniate, 853 
antimonite, 851 
_— arseniate, 889 
arsenuret, 896 
benzoate, 1155 
bisulphate, 799 
bisulphuret, 798 
borate, 800 
bromide, 796 
—- carbonate, 799 
chloride, 796 
chromate, 913 
citrate, 1192 
ferrocyanuret, 800 
fluoride, 796 
iodide, 796 
molybdate, 902 
— nitrate, 796 
oxalate, 1186 
oxide, 795 
— oxysulphuret, 797 
peroxide, 795 
— phosphate, 799 
—— phosphuret, 799 
protosulphuret, 797 
-—— protoxide, 795 
- salts, 800 
selenite, 799 
seleniuret, 799 
sesquioxide, 795 
sesquisulphuret, 797 
sulphate, 798 
— — with potassa, 799 
— sulphocyanuret, 800 
—— sulphuret, 797 
tartrate, 1178 
uses, 800 
Cobaltate of ammonia, 797 
Cobalt blue, 799 
Cobalto-cyanuret of lead, 847 
potassium, 800 
silver, 967 
Coccinellin, 1116 
Cochineal red, 1116 
Cocoa-nut oil, 1133 
Coculus indicus, 1226 
Codeia, 1203 ’ 
Coffee, 1236 
bitter, 1236 
Coinage, copper, table of, 832 
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Coinage, gold, table of, 980 


silver, table of, 968 
Coke, a form of carbon, 514, 


note 

Colcothar, 741 

Cold, anomalous expansion 
by, 136, 138 

contraction of bodies by, 
131, e¢ seq. 

its apparent i sie 
205 

—— production by artificial 
means, 168 

——— by the evaporation 
of liquids, 183 

—— — by the rarefaction of 
air, 165 

ela by the voltaic cur- 

rent, 331 
blowpipe, 527 
Colocyntin, 1238 
Colophony, 1158 
Colorific extractive, 1110 
rays of light, 197 
Colostrum, 1354, note 
Colour, change of, a common 
but important result 
of chemical action, 231 
—— — frequently announces 
the presence of pecu- 
liar elements or com- 
pounds, 232 

does not interfere with 
the reception of ter- 
restrial radiant heat, 
207 . 

—— but with regard to solar 
radiant heat it does 
interfere, 207 

—— of bodies referred to 
their relative absorb- 
ent and_ reflective 
powers in respect to 
the seven colours of 
white light, 198 

—— of plants and fruits af- 

fected by light, 199 

of wines, 1263 

Coloured flames, 1271 

perspiration, 1415, note 

Colouring materials for glass, 

1041, 1042 

matter, 1110 

—— — of indigo, 1120 

—— — flowers, 1119 

— — fruits, 1119 

— the blood, 1346 

Colours, adjective and suke 
stantive, 1110, note 

Columbate of ammonia, 927 

baryta, 928 

— lime, 928 

potassa, 927 

— silver, 967 


Columbate of soda, 928 


| Columbite, analysis of, 926 
Oulchicum autumnale, 1223, 


Columbie acid, 927 
Columbin, 1239, note 


Columbium, 925 
its chloride, 928 
- fluoride, 928 
oxalate, 1187 
oxide, 927 
potassafluoride, 926 
sulphuret, 928 
terchloride, 928 
tersulphuret, 928 
Columbo-fluorides, 928 
Combinations of arsenious 4 
acid with bases, 882 
Combined heat, 166 
Combining numbers, or equi- 
valent numbers, 235 
Commercial value of alkalis ¥ 
ascertained, 637 
varieties of salt, 648 
Common alum, 1023 
Common salt, its crystals, 111 
—- — separation from seas — 
water, 117 ; 
—— — tendency to separate © 
from hot solutions, 117 
—— — use asa source of car-— 
bonate of seda, 660 
— varieties, 648 — 
Compact fluor, 678 
limestone, 687 
Compensation pendulum, 136 
Composition of bodies indi- 
rectly inferred, 238 
of the atmosphere, 445 
Compound bar of brass and — 
steel, its expansion — 
and contraction by 
heat and cold, 135 : 
galvanic circle reduced _ 
to its condition of 
greatest simplicity, 
298 a 
galvanic circles, 289 ! 
including five elemen- _— 
tary substances, 1133, ; 
note i 
plate of silver and pla- | 
tinum affected by heat, 
135 q 
substances, arrangement 
of, 349 ; 
wire of silver and plati- 4 
num, partial ignition — 
of, by the voltaic bags : 
tery, 300 ; 
Combustibles, 361 
Combustion, erroneous ideas — 
concerning, 361 
general results of, 223° = 
in air, 454 b: 
—_ chiorine, 364 
— oxygen, 360 
— rarefied air, 454 


nn 


Se 


- Concrete oils, 1133 


- Conductors and non-conduce- 


Constant components. of the 


— — destroyed by chlo- 
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Combustion, matter inde- 
structible by, 223 

phenomena of, 222 

products of, with and 
withont flame, 225 

slow and rapid, 230 

Combustion, superficial only, 
224 

theory of, 361 

— without flame, 225 

of the diamond, 519, e¢ 


antimoniate, 853 
antimonite, 851 
benzoate, 1155 


borate, 825 

— butyrate, 1356 
carbazotate, 1126 
carbonate, 824 
carburet, 824 
chlorate, 816 


seq. chlorides, 815 
Compression of aériform chromate, 913 
— fluids, 108 cinchonate, 1219 


liquids, 108 

water, 108, 390 
Concentration of alcohol, 
1265 


citrate, 1192 


364 
> cyanurets, 625 
detection, 830, 832 


Condensation produces heat, 
164 

Conducting power of bodies 
for heat, 154 

—— — of solids and liquids 
as regards electricity, 
245 

Conduction of heat, 154 


note, 832 
deutoxide, 814 
diacetate, 1320 
— dibromide, 817 
dicarbonate, 824 
dichloride, 815, 
— difluoride, 817 
diniodide, 816 
dioxide, 812 
diselenite, 824 
disulphate, 822 
disulphuret, 819 


tors of electricity, 
244 

Conductors, metallic, applied 
to buildings, ships, 
&e., by which their 
safety during a thun- 
der storm is much 
insured, 274 

Congelation, 168 

Conia, 1227 

Connecting-wire of the vol- 
taie battery, deflection 
of a magnetic needle 
by the, 337 

Constant battery, 295, 301 


ferrocyanuret, 825 


fluoride, 817 
fulminate, 967 
—— hyposulphate, 821 
hyposulphite, 820 
indigotate, 1128 
iodate, 817 
iodide, 816 
molybdate, 903 
nitrate, 817 

- oleate, 1142 4 


atmosphere, 451 
Contaet of dissimilar metals 

excites electricity, 283 
Contagious and _ infectious 

matters, 1335 


oxalate, 1185 » 
oxichloride, 816 
oxides, 812 

—— phosphate, 824 
—— phosphuret, 824 


rine, 364 
Cooling flame affects its ex- 
tinction, 226 
—— rate of, in air and vacuo, 
214 
ratio of the geometrical 
progression of, 214 
Copal, 1157, note 
Copivi, oil of, 1148 
Copper, 811 
its acetates, 1320 
alloys, 825 
ammonio-oxalate, 1185 
ammonio - subsulphate, 
823 
—— ammonio-sulphate, 823 
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note, 832 
protiodide, 816 
protochloride, 816 
protoxide, 814 

salts, 830 
selenite, 824 


Copper, its ammoniuret, 818 


black sulphuret, 819 


combustion in chlorine, 


—— — interfered with by 
organic matter, 830, 


double cyanurets, 826 


ferrosulphurets, 819 


ores, reduction of, 820 


potassa-oxalate, 1185 
potassa-sulphate, 823 
potassa-sulphite, 621 
precipitation, 822, 830 
precipitation by electri- 
city in electrotypes, 


presence detected, 830, 
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Copper, its seleniuret, 824 
—— silicate, 1034 
—— subacetate, 1320 
—— subhyposulphate, 821 
—— subiodide, 816 
—— submuriate, 815 
—— subnitrate, 818 
— suboxide, 812 
subsesquiacetate, 1321 
—— succinate, 1161 
soda-oxalate, 1186 
sulphate, 821 
—— sulphate with potassa, 
823 
—— sulphite, 821 
sulphocyanuret, 825 
sulphovinate, 1292 
sulphuret, 819 
tartrate, 1177 
tartrate with potassa, 
1177 
tartrovinate, 1303 
tetrasulphate, 822 
trisacetate, 1321: 
trisnitrate, 818 
trisulphate, 822 
white muriate, 815 
Copper, corrosion of, by sea- 
water, prevented by 
contact with iron, 285 
—— and zine, when in con- 
tact and immersed in 
a dilute acid, excite 
electricity, 288 
—— pyrites, or yellow cop- 
per ore, 819 
—-~- sheathing of ships pro- 
tected, 313 
Ccpper-azure, 825 
Copper coinage, table of, 832 
Copper-emerald, 825, 1034 
Copperas, 741 
Corals, or zoophytes, 1407 
Cork, acid from, 1196 
cerine of, 1135 
Corrections for moisture, 
temperature, and pres- 
sure, as regards the 
bulk of gases, 442, e¢ 
“ “seq. 
Corrosive sublimate, 932, 935 
Corn poppy petals, 119. 
Corn spirit, volatile oil af) 
1264, note 
Corundum, 1019 
Corydalia, 1230 
Corydalis tuberosa, 1230 
Couronne des tasses, an elec 
trical arrangement, 291 
Crassamentum of the blood, 
1343 
Cream, 1354 
Cream of tartar, 1173 
Crenic acid, 1199 
Creosote, or kreosote, 1167 
Croconate of potassa, 608, n- 
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Croconic acid, 608, note 
Crocus metallorum, 855 
Croton oil, 1131 
Crotonic acid, 1132 
Crown-glass, 1041 
Crucibles, materials for, 1036 
Crude platinum, how puri- 
fied, 983 
Crude potash, 637 
Cryophorus, or ice-bearer, 
described, 184 
Crystalline forms, importance 
of studying, 111 


——-— indicate chemical 
composition, 11] 
Crystalline principles of 


opium, 1207 
—of peruvian bark, 
1210 
—— structure, effect of 
various agents upon, 
129 
—— — of metals, developed 
by the action of acids 
and other agents, 113 
—-—of metals and sul- 
_ phuret of antimony, 
114 
texture affected by long 
continued heat, 129 
— modifications of, 129 
Crystallizable, or cane sugar, 
1073 
Crystallization, 110 
accelerated, 115 
effected by affinity of 
some bodies for water, 
114 
— — fusion, 113 
—— — solution, 110 
—— — sublimation, 114 
—— — in vacuo, 114 
—— importance of, to the 
chemist, 111, 116; and 
to the mineralogist, 
127 
induced by air, 115 
—— — by light,.116 
—— — by nuclei, 115 
instantaneous, of solu- 
tion of sulphate of 
soda, 115 
—— light emitted during,219 
point of, indicated, 112 
remarks on, by various 
experimenters, 117, e¢ 
seq. 
— salts inseparable by, 128 
salts of different solu- 
bilities separated by, 
114 
—— theories of, 117, 125 
— uses in the arts, and 
production of saline 
bodies, 116 
water of, 112 
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Crystallized substances slowly 
acted upon by water, 
110 
Crystals affected by various 
agents, 129 
angles of, measured, 118 
cleavage planes of, 117 
decrements of, 122 
decrepitation of, 112 
deliquescent, 112 
deposited from mixed 
solutions, 128 


——-— from muddy solu- 


tions, 116 

——  — from solutions con- 
taining extraneous 
matters, 128 

developed from alum 
by slow solution, 126 

—— dimorphous, 129 

dissection of, 117 

and solid 

angles of, 118 

-—— efflorescent, 111, note 

— formation of, affected by 
temperature, 129 

forms of, 111 

—— — modified by urea and 
hydrocarbons, 116 

incompatible forms of, 
129 

inseparable by crystal- 
lization, 128 

—— integral elements, 121 

isomorphism of, 127 

large, spontaneous 
growth of, 112, 115 

modifications of, 111 


modified by the medium 
from whence depo- 
sited, 116 


of bismuth, 113 

—— — calcareous spar dis- 
sected, 118 

—— — carbon, 129 

— — carbonate of lime, 
129 

—— — sulphur, 113 

peculiar habitudes of 

several, 128 

permanent, 112 

preservation of, 112 

primitive angles of, 118 

—— — forms of, 121 

production of, 110 

secondary forms of, 122 

small and large, 111 

spherical atoms, 125 

spontaneous growth of, 


structure of, 117 

systems of, 124 

tendency of different, 
to deposit together, 
128 

triple, 115 


Crystals, unequal expansion — 
by heat, 118 4 

—— uniaxal, i24 

Cubic nitre, 651 

Cucumis elaterium, 1238 

Cudbear, 1115 

Cullet, 1041, note 

Culm coal, 514 

Cupellation of lead, 840 

silver, 970 

Cuprate of ammonia, 818 

Cuprocyanurets, 825 

of potassium, 825 

Cuprum ammoniacale, 823 

Curd of milk, 1358 ; 

Current, electrical, pheno- 
mena by which its 
presence and direction — 
are proved, 289, note 


dro-electric, 330 | 
volta-electric, deflects — 
the magnetic needle, — 
337 q 
Currents that ensue in water — 
when heated, 140 - 
Curried leather, 1398 
CurusBertson’s balance elec- 
trometer, 264 
Cutis, corium, dermis, or true 
skin, 1394 
Cyamelide, 566 
Cyanapia, 1230 
Cyanate of ammonia, 563 
baryta, 699 
lead, 847 
potassa, 643 : 
silver, 965 
Cyanates, characters of, 563° 
Cyanhydric acid, 568 
Cyanic acid, 562 
Cyanide of potassium, 642 
Cyanides, metallic, 602 
Cyanilic acid, 576 
Cyanite, 1035 
Cyanogen, 560, et seq. 
combines with metals, — 
602 7: 
Cyanoxalic acid, 1377 
Cyanurate of ammonia, 565 
silver, 967 
Cyanurates, characters of, 
565 
Cyanuret of ammonium, 571 — 
barium, 699 
benzule, 1151 
bismuth, 865 
bromine, 568 
calcium, 688 
chlorine, 566 
copper, 825 
ethule, 1306 
gold, 978 
iodine, 567 
iron, 746 
lead, 847 © 


stereo-electric and hy- ~ 


Cyanuret of manganese, 729 

nickel, 807 

palladium, 997, 1090 

platinum, 994 

—— — and potassium, 994 

potassium, 642 

—— selenium, 573 

silver, 964 

sodium, 665 

strontium, 704 

sulphur, 572 

uranium, 869 

zine, 777 

Cyanurets, 602 

Cyanuric acid, 564 

Cylinder electrical machine, 
254 

Cymophane, 1009 

Cystic oxide calculi, 1391 

Cytisin, 1239, note 


Dauuing, 1090 
Damasked steel, 1026 
_ Dancing figures for electrical 
experiments, 260 
Daphne mezereon, 1235 
Daphnin, 1235 
Datiscin, 1090 
Datura stramonium, 1225 
Daturia, 1225 
salts of, 1225 
Death of Professor Richman 
by atmospherical elec- 
tricity, 274 
Decaying organic matters, 
phosphorescence of, 
218 
Decoloration by vegetable 
and animal charcoal, 
510, 512 
Decomposition, chemical, re- 
markable results of, 
233 
of light, 197 
sulphate of 
696. 
sulphate of soda, 660 
water, 387 
Decompositions by common 
electricity, 324 
—— by magnetic electricity, 
346 
mutual, 


baryta, 


of steam’ by 


iron, and of oxide of 


iron by hydrogen, pre- 
sent anomalous cases 
of chemical action, 
233 

Decrements of crystals, 122 

Decrepitation of crystals, 
112 

Definite nature of electro- 
chemical decomposi- 
tion, 316 

—— proportions, theory of, 

_ 234... 
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Deflection of the magnetic 
needle by the connect- 
' ing wire of a voltaic 
battery, 337 
Degrees, thermometric, 149 
Deliquescence of crystals,112 
Delphia, 1230 


Delphinic acid, 1404 

Delphinium — staphysagria, 
1230 

Density affects capacity for 
heat, 164 

eet the refraction of 
light, 191 

changes of, produce 

changes of tempera- 
ture, 164 


of the medium through 
which electric light 
passes, modifies its 
appearance, 257 
Deoxidized indigo, 1121 
Deoxidizement, or reduction, 
361 
Dephlogisticated air, 358 
muriatic acid, 362 
nitrous air, 407 
Depolarization of light, 
Desiccation of gases, 445 
Destructive distillation of 
animal matter, 1332 
——— vegetable matter, 
1054 
— wood, 1313, 1096, n. 
Detection of arsenic, 896 
spots of blood, 1349, 
1353 
Detonating tube, 385 
Detonation of chlorate of po- 
tassa with combusti- 
bles, 615 
Deutoxide of antimony, 850 
chromium, 908 
copper, 814 
gold, 973 
—— iridium, 1006 
iron, 733 
manganese, 720 
molybdenum, 900 
—— nitrogen, 411 
tin, 780 
tungsten, 921 
vanadium, 919 
Dew, nature of, and pheno- 
mena attendant upon 
the production of, 219 
Dextrine, 1085, note 
Diabetes, 1388 
Diabetes insipidus, 1389 — 
Diabetic sugar, 1080, . 1389 
Diabolus metallorum, 979 
Diacetate of copper, 1320 
lead, 1323 
Dialurie acid, 1384 
Diamond, a pure form of 
carbon, 508 _ 
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Diamond, combustion 
519, et seq. 
general characters of 
the, 508 
identity of charcoal and, 
764, note 
principal use of the, 509 
Diamonds remarkable for 
size and beauty, 509 
value of, 508 
Diaphanous bodies, 209 
Diaphoretic antimony, 851 
Diaspore, an aluminous mine- 
ral, 1020 
Diastase, 1093 
Diathermanous bodies, 209 
Diaurate of ammonia, 976 
Dibromide of copper, 817 
Dicarburet of hydrogen, 539 
Dichloride of carbon, 536 
copper, 815 
sulphur, 477 
Dichromate of chromium,909 
lead, 914 
Dies for eer hardening 
of, 768 
Differential 
266 
thermometer, 153 
Diffusion tube, 383 
volume, 383 ~ 
Difluoride of copper, 817 
Digester, apparatus so called, 
176 


of, — 


inductometer, 


Digestion, 1410 

Digitalia, 1229 

Dihydrochlorate of cinchonia, 
1212 

Dilatation of glass and metals 

by heat, 132, 133 
progressive, of solids by 
heat, 134 

Dimorphism, 129 

-—— produced by changes of 
temperature, 130 

Dimorphous crystals, 129 

Diniodide of copper, 816 

Dinitrate of lead, 839 

Dioptase, 825, 1034 

Dioxide of copper, 812 

lead, 836 

Diphosphate of potassa, 634 

Diphosphuret of iron, 743 

Diprev’s oil, 1332 

Dipping needle, direction of 
the, 335 

Discharging rods for elec- 
trical experiments, 
263 

Discoloration of the rete mu- 
cosum, by nitrate of 
silver, 960 

Discolouring power of char- 
coal, 510 

Disinfecting liquid, 663 

Dissected battery, 293 
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Dissection of caleareous spar, 
118 
crystals, 117 
Distillation of Plaapacras, 
4 


—— pit coal, 554 

sulphuric acid, 468 

Distilled vinegar, 1312 

water, 389 

waters, 1143 

Distillers’ wash, 1258 

Distribution of electricity of 
tension, 258 

Disulphate of cinchonia, 1211 

copper, 822 

quinia, 1214 

Disulphuret of copper, 819 

iron, 740 

Dorking lime, 

. lime, 1038 

Double decomposition ensues 
when two new com- 
pounds are produced, 
234 

—— refraction of light, 194 

weighing, method of, 

145, note 

Doubtful proximate prin- 
ciple of vegetables, 
1239, note 

Draw-out box for solidifica- 
tion of carbonic acid, 
526 

Drying oils, 1128, 1130 

Duck’s fat, 1404 

Ductility of metals, 588 

Dutch gold, 827 

liquor, 549 

white, 846 

Duty on spirit, 1258, note 

Dyeing and calico-printing, 
1110, note 


or meagre 


Eartu, diameter of the, com- 
pared with other pla- 
nets, 189 

Earthy compounds, conduc- 
duction of heat by, 155 

Ebullition, definition of the 

term, 175 
paradoxical experiment 
regarding, 176 

Economy of gas illumination, 
558 | 

Effervescent wines, 1263 

Efflorescence of crystals, 111, 
note 

Eggs, 1405 

Ee “albumen of, 1339 

analysis of, 1405, note 

Elaidie acid, 1142 

Elaidine, 1142 

- Elaine, or olein, 1128 

Elaldehyd, 1330 » 

Elaodic acid, 1142, note 

Elastic bitumen, 1163. 
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Elastic force and weight of 


aqueous vapour,at dif- 
ferent temperatures, 
182 
fluids, 108 
Elasticity of air, 440 
metals, 588 
Elaterium, 1238 
Elatin, 1238 
Electric column, construc- 
tion of the, 286 
current, phenomena by 
,which its presence 
and direction are 
proved, 289, note 
——-— retardation of, by 
water, 326 
discharge, mechanical 
force of, 269 
fluid, 240 
—— — enormous rapidity of 
progress, 246° 
—— - hypotheses regard- 
ing the existence of, 
240 
impermeability of 
glass to the, 265 
—— light, 256, 257 
—— — brush of, 261, note 
ray, or torpedo, 327 
shock, painful sensation 
of, 263 
spark, analogy between 
it and lightning, 272 
—— — intensity of the heat 
produced by, 269, note 
— —obtained from a 
magnet, 344 
and magnetic currents, 
relations of the, 337 
Electrical attraction and re- 
pulsion, 241 
—-— and repulsion and 
induction, and of the 
influence of points, 259 
aura, candle  extin- 
guished by, 261 
—— balance, constructed on 
the principle of tor- 
sion, 247 
battery, 268 
coated glass pane, 262 
condenser, 270 
conducting power influ- 
enced by temperature, 
+246 
—— — of solids and liquids, 
245 
conductors and non- 
conductors, 244 
dance of pith-balls, 260 
dancing figures, 260 
excitation, 241 
fishes, viz., the torpedo, 
gymnotus, &¢c,, 327 
—— fly-wheels, 261 


Electrical induction, 248 1 

— through air, 

emia a7: through glass, 262 _ 

insulators, 245, note 

jar, or Leyden vial, 
262 


b ~ 


—— — charged, 263 a 
—— — charged by the trans-_ 
fer of its own electri- 
city from one surface 
to the other, 265 
—— — discharged, 263 
—— — discharged by vibra= 
tion, 245, note a 
—— — metallic coatings of, — 
266 
—— — power of, as a source — 
of accumulation, 264 
luminous tubes and — 
words, 260 
machines, cylinder and q 
plate, described, 254 
peal of bells, 259° . 
perpetual motions, 287 — 
—— phenomena, natural, 271 
—— — nature or cause of, 
unknown, 240 
——-—of thunder-storms, © 
275 . q 
powers follow the law of 
gravitation, 247 5 
sparks, probable cause’ 
of, 256 q 
states, annihilation of — 
opposite, 257, 264 © 
——— opposite, attract; 
similar, repel, 241. 
—_—-- opposite, of the elec- — 
tric column, 287 
toy for showing attrac- — 
tion, repulsion, induc- — 
tion, &e., 259, et seq. — 
transferences of ele-— 
ments, 307 
unit jar, 264 4 
Electrically-excited bodies, — 
241 “+4 


Electricians, controversy | 
among, respecting the — 
-construction of light- — 
ning-conductors, 278 

Electricity, 240 

accumulated in the Ley- 

den jar, 263 
—— atmospheric, cause of, 
unknown, 273 . 
common, power of, to 
effect polar chemical 
decomposition, 324 

common. and voltaic, 5 

identity of, 323° 

-convulses the dead limbs — 

of animals, 283 al 

—developed by change 

of temperature, 330 — 

— distribution of, 258 


Electricity drawn from the 
heavens, 273 
— evolution of, by trivial 
changes in the general 
state of matter, 283 
, excitation of, 241 
—— — by chemical action, 
283 
—  — by contact of dis- 
similar metals, 283 
——hby the machine, 
254 
generation of, in living 
animals, 327 
gunpowder inflamed by, 
326 
— induced, phenomena of, 


.—— influence of points upon, 
261 


—— kind of, by which the 
electrometer is affected, 
how judged of, 247 
of tension, general phe- 
nomena of, 256 
F — aurora borealis, 279 
— — voltaic battery, 283 
—— — thunder storm, 271 
positive and negative 
states of, 242 
production of, by mag- 
netism, 343 
quantity and intensity 
of, 266 
quiescent, belongs to 
surfaces only, 258 
-_— series of conductors of, 
330 
source of, in the voltaic 
pile, 319 
—— specific inductive power 
of, 266 
striking distance 
267 
suspension of ordinary 
affinities by, 311 
Electrics and non-electrics, 
243, 245 
Electro-chemical decomposi- 
tion, definite nature 
of, 316 
—— — or electrolysis, expe- 
rimental illustrations 
of, 304 
equivalents, 316, et seq. 
phenomena, simple in- 
stances of, 285 
Electrodes of the voltaic bat- 
tery, 298 
variation in the size of, 
facts regarding, 317 
Electrolysis, experimental il- 
lustrations of, 304 
extreme powers of, 308 
phenomena attendant 
upon, 303 


of, 
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Electrolysis, proximate and 
ultimate elements se- 
parated by, 314 

water decomposed by, 
388 

Electrolyte defined, 298 

Electrolytes, ions, and electro- 

chemical equivalents, 
summary of certain 
points respecting, 318 

Electrolytic action, 314, 315 

Electro-magnet, floating, 342 

Electro-magnetic effects de- 

pend upon electricity 
in motion, 337 

—— — multiplier, 341 

— rotation, 339 

Electro-magnetism, 336 

Electrometer, balance, 264 

discharging, 264 

quadrant, 263 

— with each gold leaf se- 

parately insulated, 287 

Electromotive power of me- 

tals, 284 
Electrophorus, a contrivance 
~ often used as a per- 
manent source of elec- 
tricity, 269 
Electro-polar state of the 
voltaic battery, 297 
Electro-polarity, 249 
Electro-polarized _ particles, 
251 
Electroscopes and_ electro- 
meters, 246 
Electro-thermancy, 331, note 
Electrotypes, apparatus for 
producing, 308 
Electrum, 810 
Elementary atoms and proxi- 
mate atoms of vege- 
table subtances, 1066 
Elements and compounds, 
refractive powers of, 
192 

—— — specific heats and 
atomic weights of, 163 

of vegetable matter, 
1053 

proximate and ultimate, 
separated by electro- 
lytic action, 314 

Eliquation, 954 

Ellagie acid, 1108 

Ellegate of ammonia, 1108 

Emerald, 1009, 1035 

Emery, 1019 

Emetic tartar, 1177 

Emetina, 1230 

Empyreal air, 358 

Empyreumatie oil, 1332 

Emulsin, 1093, 1156, and 

note 

Emulsions, 1128 

Enamel, 1042 
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Enamel colours, 1042 
of teeth, 1408 
Endosmose and exosmose 
experiments, 383 
English phosphorus, 482 
: weights and measures, 
1417 
Eins veneris, 735 
Epidermis or cuticle of ani- 
mals, 1394 
Epsom salt, 111, 112, 710 
Equisetic acid, 1198 
Equivalent numbers, 235 
— — of acids and bases, 
237 
— — of metals, 585 
—— — rules for the deter. 
mination of, 238 
Equivalents, chemical, synop- 
tic scale of, 237 
—— — and the atomic the- 
ory, 234, et seq. 
electro-chemical, 
et seq. 
Erythric acid, 1375, 1377 | 
Erythronium, or vanadium, 
918 
Esculie acid, 1142, note 
Essence of lemons, 1148 
Essential oils, 1143, 1144 
— first class, or hydro- 
carbons, 1144 
— — second class, or ox- 
ides of hydrocarbon, 
1148 
Ethal, 1402 
Ether, 1274, e¢ seq. g 
its action with nitric 
acid, 1281 
composition, 1282 
inflammability, 1279 
—— mixture with alcohol, 
1282 
permanent fluidity, 1279 
—— production of cold by 
evaporation, 183 
properties, 1278 
slow combustion, 226, 
1279, note 
—— solution of chloride of 
gold, 976 
volatility, 1278 
and alcohol, composi- 
tion of, 1066, 1286 
Ether sulphuricus, 1275 
Kthereal matter, phenomena 
presented by, 188 
vapour, its density, 1278 
— elastic force, 1279 
Etherification, theory of, 1284 
Etherine, 547 
chloride of, 548 
Etherole, 1290 
Etherophosphorie acid, 1293 
Etherosulphuric acid, 1293 
Kthionic acid, 1293 


316 
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Ethiops mineral, 943 
Ethiops per se, 929 


Ethule, combinations of with » 


halogens, 1303 
—— — with hydracids, 1303 
Ethyle, or ethule, 1283 
Euchlorine, 365 
Euclase, 1009, 1035 
Eudiometers, 445 
Eudiometrical experiments, 

445, ef seq. 

Eupion, 1166 
Evaporation produces cold, 


Evaporation, rate of per 
minute from a circular 
surface six inches dia- 
meter, and force of 
vapour at different 
temperatures, 182 

spontaneous, of solu- 
tions for production 

of crystals, 113 

Excitation of electricity, 241 

Excrement of snakes, 1375 

Exosmose and endosmose 

experiments, 383 

Expansion, anomalous, by 

cold, 136, 138 

—— by heat, 131, 133, 142 

produces cold, 164 

of alloys during solidi- 
fication, 865 

of water in freezing, 390 

Expansive force and easy 

condensation of steam 
illustrated by the 

steam-engine, 186 

Explosion of chloride of nitro- 
gen, 424 

fire-damp and air, 540 

iodide of nitrogen, 426 

peroxide of chlorine, 
369, note 

Extemporaneous bleaching- 

liquor, 615 
Extinction of flame by cool- 


ing, 226 
Extractive matter, 1098, 1099 
Extracts, preparation of, 


1098, 1099, noée 
Extraordinary refraction, 195 


Fanrenueir’s thermometer, 
149 

Falling stars, supposed elec- 
tric origin of, 282 

Fat of animals, 1399 

— birds, 1404 

— insects, 1404 

— sweet principle of, 1136 

Fat-lute, 1037 

Feathered shot copper, 829 

Felspar, 1035 

Fergusonite, analysis of, 926 

Fermentation, acetous, 1308 
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Fermentation, 
1259 
vinous, 1256, e¢ seq. 
Fermented liquors contain 
carbonic acid, 529 
Ferri ammonio chloridum, 735 
Ferric oxide, 732 
Ferricyanogen, 747 
Ferricyanurets, 753 
Ferridcyanutrets, 753 
Ferriferous oxide of ura- 
nium, 866 
Ferrochyazic acid, 751 
Ferrocolumbate of manga- 
nese, 923 
Ferrocyanate of ammonia, 
752 
potassa, 747 
Ferrocyanic acid, 751 
Ferrocyanogen, 747 
Ferrocyanuret of ammonium, 
752 
barium, 752 
bismuth, 865 
calcium, 752 
cobalt, 800 
copper, 825 
lead, 847 
magnesium, 753 
mercury, 949 
nickel, 807 
potassium, 747 
—— — and iron, 757 
silver, 965 
sodium, 752 
strontium, 752 
uranium, 869 
zine, 777 
— and potassium, 777 
Ferrocyanurets, 747 
Ferrosesquicyanic acid, 754 
F Seis ae of iron, 
54 
potassium, 753 
Ferrosoferric oxide, 733 
Ferrosulphuret of copper, 819 
Ferrous oxide, 732 
Ferrum ammoniatum, 735 
Fibrin of the blood, 1343 
Filter for diguor potasse, 611 
Finely-divided mereury, 929 
Fire-damp of coal mines, 227, 
539 
Fire-places and stoves for 
warming apartments, 
remarks on the con- 
struction of, 213 
Fire-proofing, 1033 
Fishery salt, bay salt, &c., 648 
Fishes, respiration of, 1415 
Fixed air, 519 
alkali, 427, 594 
oils, 1128, e¢ seg. 
Fixing photogenic drawings, 
962 
Flake manna, 1082 


process of, 


Flame, 223 - 
are of voltaic, 299 
extinction by cooling z 

226 aq 


quired for the existe 
ence of, 226 “ 
hollow structure of, 225 
intercepted by wi re= 
gauze, 226 
may be regarded as Tue 
minous gaseous mat. 
ter, 223 % 
monochromatic ,unfit fod a 
common purposes of 
illumination, 224, note 
—— of the blowpipe lamp, ; 
internal and external, | 


589, note -¥ 

oxidating and reducing, - 

590, note “Y 

—— phenomena presented — 
by, 223 


theory of, 224 
Flames, coloured, 1271 3 
for illumination should 
resemble the light of — 
the sun, 224, note ~~ 
Flashes of lightning, singular 
variety in the appear- — 
_ ance of, 277 a 
Flint, varieties of, 1028, note 
Flint-glass, 1041 pe 
Floating electro- magnet, 342 
Flores Martiales, 735 a, 
Flounders, muscular con- — 
tractions of by gal- 
vanic electricity, 283 _ 
Flowers, 1250 2 
colouring matter of, | 
1118 "i 
—— influence of, upon the — 
atmosphere, 1051 
of benzoin, 1152 
sulphur, 459 
zine, 771 
Fluids, ascent of, in tubes, 
108 q 


5 
2 


Fluoborate of ammonia, 583 
lime, 688 
Fluoboric acid, 582 
——- gas, 582 é; 
Fluoride of aluminum, 1021 a 
arsenic, 890 4 
barium, 693 
—— bismuth, 863 
boron, 582 
cadmium, 791 
calcium, 378, 677 
chromium, 916 
cobalt, 796 
columbium, 928 
copper, 817 
iron, 736 
lead, 838 
—— lithium, 669 — 


- Fluoride of magnesium, 708 


manganese, 726 
— mercury, 941 
— nickel, 804 
-—— phosphorus, 499 
—— potassium, 619 
— silicium, 1030 
-—— silver, 958 


—— sodium, 651 


: Fluxes, useful 


— strontium, 701 
- sulphur, 477 
— tin, 784 
—— yttrium, 1015 
—~ zine, 773 
—— zirconium, 1013 
Fluorine, 378 
—— its action on metals, 
596 
Fluor-spar, 378, 677 
-— crystals of, mechanically 
dissected, 117 
Fluosilicic acid, 1030 
Fluosulphuret of mercury, 
. 945 


recipe for, 
986, 987, note 
for -experiments with 
the blowpipe, 590, 
note 
Fogs, production of, 173 
Force of vapour at different 
temperatures, and rate 
of evaporation per 
minute from a given 
surface, 182 
Formiate of ammonia, 1196 
Formiates, 1196 
Formic acid, 1195 
ether, 1298 
Fow1zr’s mineral solution, 
or tasteless ague drop, 
883 


_ FravunuoFesr’s lines, 198 
_Fraxinus ornus, 1082 


Freezing and melting points, 
table of, 171 * 
—— by evaporation, 183 


_—— mixtures, 169 


-—- of water, phenomena 
attendant upon the, 
139 


French weights and mea- 
sures, 1418 ~ 
Friction, excitation of elec- 
tricity by, 241 

Fritting, 1039 

Frog-spawn, 1371 

Frogs’ legs prepared for ex- 
periments, or galvanic 
electricity, 283 


_ Frozen mercury, 528 


¥ 

; 
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~ 
4 
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Fruits, colouring matter of, 
1119 

ripe and unripe, com- 
position of, 1051 

—— and seeds, 1252 
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Fulminate of copper, 967 

potassa, 966 

silver, 965 

Fulminates, characters of, 
564, 602 

Fulminating gold, 976 

mercury, 949 

platinum, 989, 994 

powder, 624 

silver, 955, 965 

Fulminie acid, 563 

Fumigation by chlorine, 364 

Fuming liquor (Boyle’s), 
480 

sulphuric acid, 469 

Fungi, useful in medicine and 
the arts, 1247, et seq. 

Fungic acid, 1198 

Fuscin, 1333 

Fusibility of metals, 589 

Fusible alloy, expansion of, 
in cooling, 136 

Fusible alloy of bismuth, 

lead, and tin, 865 

ealeuli, 1391 

salt of urine, 658 

Fusion by heat, 166, note, 
167 

—— by the voltaic battery, 
301 

Fustic, 1117 


GADOLINITE, 874 

contains yttria, 1014 

Galena, or native sulphuret 
of lead, 840 

Gallate of lead, 1108 

quinia, 1216 

Galiates, properties of, 1107 

Gallen asparagin, 1366 

Gallenstoff, 1365 

Gallic acid, 1107 

salts of, 1107 


Gallipoli oi], 1132 : 
Galls, infusion of, precipitates 
by, 1105 


3 

Gall-stones, 1366 

Galvanic: circles, 288 

Galvanism, 283 

Galvano meter, simpiest form 

of the, 340 

Gamboge, 1157 

Gas illumination, 554, et seq. 

— economy of, 558 

Gaseous bodies, specific heat 
of, 163 

combinations promoted 
by light, 200 

manipulation, 354 

oxide of azote, 407 

carbon, 515 

Gases absorbable by water, 
collection of, 357, 366, 
note 

absorbed by charcoal, 
511 
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Gases absorbed by water, 
391 
apparatus for experi- 
ments upon, 354 
conduction of heat by, 
158 
corrections required in 
taking volumes of, 
443 
defined, 176 
desiccation of, 359, 445 
—— diffusion of, 383 
for illumination, compo- 
sition and analysis of, 
557 
generated by the explo- 
sion of gunpowder, 
625 
heavier and lighter than 
air, collection of, 366, 
note 
—— liquified by pressure, 
186 
permanently elastic, 176 
refractive powers, 192 
specific gravity of, 441, 
et seq. 
Gasholders and gasometers, 
395 
Gastric juice, 1369, 1411 
— contains free hydro- 
chloric acid, 399, 1369 
Gauge for liquid carbonic 
acid, 525 
Gazolyta, 349 
Gelatin, 1395 
Gems, cutting and polishing 
of, 117 
Generator and receivers for 
carbonic acid gas, 523 
Gentiana lutea, 1239 
Gentianin, 1239 
German silver, 810 
Germination of seeds, 1043 
Gilding, methods of, 972, 976, 
983 
GitPIn’s tables of alcohol, 
1269 
Glacial acetic acid, 1315 
phosphoric acid, 490, 
685 
sulphuric acid, 469 
Glance coal, 514, 1164 
Glass, adhesion of air to, 
109 
annealed, 1040 
conchoidal fracture of, 


129 

corrosion of by water, 
1038 

electrical excitation of, 
241 

electrical induction 


through, 262 
—— expansion of, by heat, 
132, 133 
5 B 
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Glass, for optical purposes, 
: 1041, note 
—— impermeability of, tothe. 
electric fluid, 265 
—— manufacture’ of, 1038 
silvering of, for mirrors, 
950 
— unannealed, 1049 
welded to platinum, 169, 
135 
Glass of antimony, 854 
phosphorus, 484 
Glass-gall, or sandever, 1040 
Glass-house furnace, 1639 
Glass-pots, 1639 
Glass-soap, 1039 
GLAUBER’S salt, 653 
Glauberite, 682 
Glaze for earthenware, 1034, 
1035 
Gliadine, 1092 
Glucic acid, 1077 
Glucina, 1009 
—— its bisulphate, 1010 
carbonate, 1011 
native compounds, 1009 
—— nitrate, 1010 
—— phosphate, 1011 
salts, 1611 
subsulphate, 1011 
sulphate, 1010 
Glucinum, 1009 
its chloride, 1010 
— oxides, 1009 
phosphuret, 1011 
seleniuret, 1011 
sulphuret, 1010 
Gluten, 1091 
nutritious 
1691, note 
Glycerine, 1136 
its acetate, 10683 
—— hbistearate, 1139 
sulphate, 1083 
Glycium, or beriilium, 1009 
Glyeyrhizin, 1083 
Goat’s fat, 1401 
milk, 1361 
Gold, 971 
its alloys, 978, e¢ seq. 
ammoniuret of peroxide, 
976 
bromide, 977 
chloride, $74 
—— — dissolved in ether, 
976 
—— — hydrochlorated, 974 
—— — united with other 
chlorides, 976 
coinage, 980 
deutoxide, 973 
ethereal solution, 976 
-——— fulminating compound, 
976 | 
—— hydrochlorate of chlo- 
ride, 974 


nature of, 
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Gold, its iodide, 977 
"metallic precipitation, 
972 
muriate, 974 
oxides, 973 
pereyanuret, 978 
—— peroxide, 973 
—— phosphuret, 978 
—— physical characters, 972 
—— protochloride, 974 
protoxide, 973 
salts, $82 
——— — decomposed by light, 
200 
separation from silver, 
981 
sulphocyanuret, 978 
sulphuret, 977 
— with potassium, 978 
Golden sulphuret of anti- 
mony, 855 
Gold-leaf, 972 
electrometer, construc- 
tion and uses of, 246, 
287 
Goniometers, 118 
Goose-fat, 1404 
GovuLarp’s extract of lead, 
1323 
Grain, nutritive powers of, 
1098 
Granular sugar, 1081 
Grape juice, fermentation of, 
1259 
sugar, 1061 
Grapes, drying of, 1259, note 
Graphite, 513 
Gravitation, 
107 
law of, followed by elee- 
trical powers, 247 
Greasy oils, 1132 
Green bottle glass, 1041 
hydrous carbonate of 
copper, 625 
verditer, 824 
vitriol, 739, 741 
Groups of isomorphous bo- 
dies, 128 
Guaiacum, 1157, note 
Gum, action of acids on, 
1069 
action of salifiable bases 
on, 1069 
action of suiphuric acid 
on, 1069 
varieties of, 1068 
Gum-arabic, 1069 
Gum-resins, 1157, note 
Gum-senegal, 1070 
Gum-tragacanth, 1070 
Gunpowder, analysis of, 626 
composition of, 624 
explosion of, 625 
inflamed by electricity, 
326 


attraction of, 


Gymnotus, or electric eel, 


Gunpowder inflamed by p ". 
cussion, 626 a 
strength of, tested, 626 
varieties of British and 
foreign, 624 a 


327 
Gypsum, selenite, alabaster, 
681 


Hamacrome, 1346 s 
Heematite, 734 
Heematosyn, 1346 © 
HAuNEMANN’S soluble mers 
cury, 942 3 
Hair of animals, 1399 a 
pyrites, 804 a 
Halogenia, 349 a 
Halogens, combinations of 
with ethule, 1303 
Hamburg white, 846 
Hard ana soft water, 389, € 6a 
Hardening and tempering ng 
steel, 766, note 
Hardness of metals, 5 588 
Hartshorn, 1332 
Hatchetine, or mineral adi- 
pocere, 1163 2 
Hausmanite, 722 
Head of hair, an electrical 
toy, 259 . 
Heat, 131, e¢ seg. 
‘absorbed iy liguitaction, Ny 
166 


9 


absorption of, 206 

affects form and ¢0« 
lour of crystalline bo- 
dies, 129, 130 

affects specific gravities, 
139 


and light, attend intense ] 
chemical action, 230_ 
anomaly regarding ey 
pansion by, 136 
capacities for, 161 
capacity for, affected by. 
density, 164 - 4 
cause of, unknown, 131 
combined or latent, 166 
compensations for eX= 
pansion by, 136 j 
conduction of, by ease 
158 
conduction of, by solids, 
liquids, and gases, li 
et seq. 
crystalline toxtaeae 
fected by, 129 
currents that ensue 
itsapplication to wat 
destroys magnetism,334 
dilatation of glass and 
metals by, 132 
effects and_ sources: « 
131 


ee 
“ 


—— 


— 
soa 
vs 


~ 


Heat, effects of, in changing 
the form of bodies, 165 
—— — on liquids, 172 
evolved during conden- 
sation, 164 
——— during congelation, 
168, 170 


-— expansion of aériform 
bodies and vapours by, | 


142 


_ — — air by, 142 


—— — bodies, anomaly re- 
garding, 136 
—— — iron structures, 134 
—— — liquids by, 182, 137 
—— — metals by, 132, 133 
—— — solids, liquids, and 
aériform matters by, 
131, et seq. 
—— — vapours by, 142 
— — volume by, ascer- 
tained, 133 
fusion by, 167 
general effects of, 131 
increasing dilatation of 
glass and metals by, 
133 : 
insensible to the ther- 
mometer, 166 
-—— intensity of voltaic, 299 
— latent, 165 


— of steam and other 
vapours, 179, note 
—ofwater, 170. 
loss of, by cooling, 214 
loss of sensible, “during 
the production of va- 
pour, 178 
metal - work’ expanded 
by, 134 
—— of electric sparks,269,n. 
—— — flame, independent of 
luminosity, 223 
——-— ithe blowpipe lamp 
flame, 589, note 
—— opacity regarding, 216 


opposes attraction, 131 
pendulum affected by, 
135, note 
- phosphori by, 217 
progressive dilatation of 
solids by, 134 
quantity of, contained in 
bodies, 161 
radiant, 202, e¢ seq. 
——  — different kinds of, 
dependent upon the 
sources whence it ema- 
nates, 210 
—— — passage 
glass, 208 
—— — receptive and emis- 
sive powers of surfaces 
in regard to it co- 
existent and co-equal, 
210 


through 
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Heat, radiant, transmission 
of, by rock-salt and 
other transparent bo- 
dies, 209 

—— — transmission of, thro’ 

different media, 209 
vessels intended to re- 


tain, should be me- 


tallic and polished, 212 
radiates from bodies in 
right lines, 203 
radiation from metallic 
and non-metallic sur- 
faces, 212 


219 


—— — in vacuo, 203 
—— — of terrestrial, 202 
rate of time-keepers af. 
fected by, 135 
reception and retention 
of, materially affected 
by texture, 207 
—— — affected by surfaces, 
206 
receptive powers of sur- 
faces for, 206 
reflectors of, 206 
repulsive force, 108 
series of conductors of, 
330 
- specific, 161 
—— — and atomic weight of 
elements and com- 
pounds, 163 
——-—of gaseous bodies, 
163 
—— — of iron at different 
temperatures, 162 
—— — of metals, 162 
—— unequal expansion of 
crystals by, 118 
Heated bedies, emanation of 
rays from, 203 
Heating by steam, 180 
powers of the solar rays, 
202 
Heavens, appearance of the, 
during a thunder- 
storm, 276 
Heavy inflammable air, 539 
magnesia, 714 
muriatic ether, 1304 
oil of wine, 1287 
Heavyspar, 696 
Heavystone, 874 
Heliacal or spiral arrange- 
ments for electro-mag- 
netic experiments, 342 
Heliotrope, 1628, note 
HELLOT’S sy mpathetic ink, 
796 
Hematin, 1113 
HENLY’s quadrant electrome- 
ter, 263 
Herbs, useful in medicine and 
the arts, 1247, et seq. 
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Hessian crucibles, 1037 
Heterogeneous attraction, 229 
Hexacetate of lead, 1323 
High-pressure steam, pro- 
duction and effects of, 
illustrated, 177 
Hircic acid, 1401 
Horrman’s anodyne liquor, 
1282 
Hogs’-lard, 1400 
Hompere’s phosphorus, 673 
pyrophorus, 1024 
Homogeneous attraction, 107 
Honey, 1081 
Honeystone, 1165 
Hordein, 1087, note 
Horn silver, 956 
Horse-shoe ‘magnets, 336 
Hot-air blast used in iron 
furnaces, 761, note 
Human bile, 1366 
bones, analysis of, 1408 
fat, 1400 
a milk, 1360 
saliva, 1367 
urine, 1377 
Humboldtite, 1179 
Humours of the eye, 1371 
Humus, or humine, 1099 
Hyacinth, or jacinth, contains 
zirconia, 1012 
Hyacinths of Compostella, 
1028, note 
Hydracids, 394, note 
combinations of 
ethule, 1303 
-——— —= with . methylene, 
1328 
Hydrargo-bromides, 940 
Hydrargo-chlorides, $38 
Hydrargo-cyanurets, 949 
Hydrargo-periodide of potas- 
sium, 949 
Hydrargo-periodides, 940 
Hydrargo-perchloride of so-= 
dium, 938 
Hydrargo- _per chlorides of po- 
tassium, 938 
Hydrargyrate of ammonia, 
931 
Hydrargyrt ammonio-chlori- 
dum, 937 
—— binoxydum, 939 
chloridum, 932 
—— nitrico-oxidum, 931,943 
——- oxidum cinereum, 929 
—— sulphuretum nigrum,943 
Hydreargyrum, $28 
Hydrargyrum cum creta, $29 
Hydrated chloride of ealeium, 
674 
dicarbonate of copper, 
824 
dichloride of copper,815 
iodic acid, 374 
—— oxide of chromium, 908 


5B2 


with 
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Hydrated peroxide of man- 
ganese, 722 

phosphoric acid, 490 

protoxide of copper, 814 

—— — manganese, 720 

sesquioxide of manga- 
nese, 721 

subnitrate of bismuth, 
863 

subphosphate of copper, 
824 

Hydrate of alumina, 1020 

—— baryta, 690 

bromine, 376 
camphogen, 1147 

carbon, 1064 

chlorine, 363 

lime, 672 

magnesia, 706 

oil of turpentine, 1147 

potassa, 609 

silica, 1029 

soda, 647 

strontia, 700 

zirconia, 1012 

Hydriodate of ammonia, 434 

lime, 677 

periodide of mercury, 
940 

potassa, 617 

strontia, 701 

Hydriodic acid, 400 

ether, 1305 

Hydriodide of carbon, 544 

Hydrobromate of ammonia, 

434 

Hydrobromic acid, 402 

— ether, 1306 

Hydrobromide of carbon, 545 

Hydrocarbon, chloride of, 
543 

iodide of, 544 

sulphate of, 1287 

Hydrocarbons, or hydrocar- 
burets, 538, ef seq. 

modify crystalline 
forms, 116 

Hydrocarburet of bromine, 
545 

iodine, 544 


oe 
———— 
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———. 
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Hydrochlorate of ammonia, 


432° 
bichloride of mercury, 
936 
camphogen, 1147 
chloride of gold, 974 
einchonia, 1212 
citrene, 1148 
fibrin, 1345 
— methylene, 1328 
morphia, 1203 
quinia, 1215 
Hydrochloric acid, 394 
— boiling points of its 
aqueous solutions,398, 
note 


———— 


——y 
——$——— 
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Hydrochloric acid consists of 
equal volumes of chlo- 
rine and — hydrogen, 
236 

—— — value of its aqueous 
solutions, 400 © 

Hydrochloric ether, 1303 

Hydrocyanate of ee 
571 

Hydrocyanates, rebate, 602 

Hydrocyanie acid, 568 

“— — sources and proper- 

ties of, 568, 965 

——-—tests for discovery 
of, 571 

Hydrocyanic ether, 1306 

Hydroeyanoferric acid, 751 

Hydroelectric current, 330 

Hydroferrideyanic acid, 754 

Hydroferrocyanic acid, 751 

Hydrofluate of ammonia, 434 

methylene, 1329 

Hydrofluorie acid, 403 

Hydrogen, 379 

action of on metals, 596 

assumed as = 1 or unity, 

and other equivalents 
deduced therefrom, 
239 
carburetted, 539 
explodes with air or 
oxygen, 380, 381 

its bicarburet, 546 

—— — bisulphuret, 481 

—— — dicarburet, 539 

—— — general characters, 
380 

—— — peroxide, 392, 690 

—— — protoxide, 384 

phosphuretted, 499 

seleniuretted, 506 

its sulphuret, 477 

supersulphuretted, 481 

telluretted, 879 

Hydroguret of carbon, 541 

phosphorus, 499 

Hydromellonic acid, 575 

Hydrometer for specific g gra- 
vities, 147 

Hydropersulphoeyanic acid, 

576 


Hydrophane, 1028, note 

Hydrophosphoric gas, 500 

Hydropneumatic apparatus, 
354 


Hydroselenic acid, 506 
Hydroselenio¢yanie acid, 573 
Hydrospiroilic acid, 1251 
Hydrosulphate of ammonia, 
480 
hydrocarbon, 1307 _~ 
Hydrosulphates, or hydrosul- 
phuretted oxides of 
metals, 600 
Hydrosulphocyanate of am- 
monia, 573 


owe ieee 
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aha 
fg 


480 1 nia, 


—— — affects metallic iol I. 
tions, 600 a 
—— lime, 679 : a 


potassa, 628 
potassium, 628 
sulphuret of ethule, 
1307 
Hydrosulphuriec acid, 4770 
—— ether, 1307. 
Hydrothionic acid, 477 
Hydroxalates, 1188 
Hydroxalic acid, 1187 
Hydroxanthic acid, OT4 
Hydroxygen blowpipes, 384 
Hydruret of arsenic, 891, 892 
benzule, 1150 q 
bismuth, 863 
potassium, 619 
salicule, 1232 a 
spiroyle, 1232 
Hydrurets, or hy drogurets, of 
metals, 596 
Hygroscopes and hyoraual 
ters, 448, et seq. 
Hyoscyamia, 1225 
Hyoscyamus niger, 1225 
Hyperchloric acid, 370 
Hypermanganic acid, 723 
Hypochloric acid, 368 +a 
Hypochlorite of soda, 619 
Hypochlorous acid, 365, 367 
Hyponitric acid, 415 “a 
Hyponitrite of ammonia, 434 
Hyponitrous acid, 413 \ 
ether, 1294 eo 
Hypophosphite of ammonia, 
489 | 


a 


baryta, 697 . 
lime, 683 
magnesia, 712 
manganese, 729 
potassa, 633 
silver, 963 
soda, 656 / P 
strontia, 703 . 
Hypophosphor ous acid, 488 I 
Hyposulphate of baryta, 695 
bismuth, 864. —=% 
cadmium, 791 
cerium, 87 6 
copper, 821 
iron, 740 
lead, 841 
lime, 680 
magnesia, 709 
manganese, 728 
potassa, 631 
silver, 962 4 
soda, 653 — 
—— strontia, 702 * 
zine, 775 a 
Hyposulphite of alumins a, 
1022 


» a Ft ae 
= . 
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Hyposulphite of baryta, 469 

cobalt, 798 

copper, 820 

iron, 740 

lead, 840 

—— lime, 679 

magnesia, 709 

manganese, 727 

mercury, 945 

potassa, 630 

—— — and silver, 962 

silver, 962 

soda, 652 

strontia, 702 

—— tin, 786 

zine, 774 ' 
Hyposulphites, 475, 598 
Hyposulphuric acid, 475 

, — combines with 
tallic oxides, 599 

Hyposulphurous acid, 474 

— combines with me- 

tallic oxides, 598 

Hypotheses regarding the 

excitation of electri- 
citiy, 240 


me- 


Tatroruic acid, 1132 
Ice, absorption of heat by, in 
liquifying, 166 
— formation of, 138 
— general properties of, 390 
— mode of obtaining in Ben- 
gal, 221 
— production of, by artificial 
refrigeration, 168, 183 
—and salt produce intense 
cold, 168 
Iceland spar, double refrac- 
tive power of, 194 
Identity of voltaic and com- 
mon electricity, 323 
Tdrialine, 554 
Tgnition and combustion, 221 
— of metals by voltaic 
electricity, 299 
_ Immediate principles of vege- 
tables, 1068 
Imperfect conductors of elec- 
tricity, 244 
— heat, 
Impermeability of glassto the 
. electric fluid, 265 
Imponderable matter, pheno- 
mena presented by, 
188 
Incandescence, a property 
which bodies possess 
of giving out light at 
high ~ temperatures, 
222 
Incombustibles, 361 
Incompatible forms, 129 
‘Increasing dilatation of glass 
and metals by heat, 
133 
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Indelible ink,.960 
Indian steel or wootz, 766 
Indifferent oxides, 732 
Indigo, 1119 
action of nitric acid on, 
1123 
— — sulphuric acid on, 
1121 
analysis of, 1120 
— hihydrate of, 1123 
colouring, matter of, 
1120 
deoxidized, 1121 
quadrihydrate of, 1123 
white, 1121 
Indigogené, 1121 
protoxide of, 1122 
Indigotate of ammonia, 1127 
baryta, 1127 
copper, 1128 
iron, 1127 
-— lead, 1127 
mercury, 1128 
—— potassa, 1127 
— silver, 1128 
— soda, 1127 
Indigotie acid, 1126 
Induced electricity, 248 
magnetism, 333 
Induction, electrical, 248,262 
magnetic, 333 
magneto-electric, 343 
Inelastic fluids, 108 
Inert bodies produce active 
compounds, 231 
Inertia restrains attraction, 
107 
Infectious and contagious 
matters, 1335 
Inflammable air, 379 
— of marshes, 539 
—— — pistol], 380 
bodies, 361 
Ink, black writing, 1105, n. 
— blue writing, 1105, note 
— red, 1113 
Insoluble compounds decom- 
posed by soluble salts, 


233 

Instantaneous crystallization, 
115, 654 

Insulators of electricity, 245, 
note 

Integral elements of crystals, 
12] 

Intensity of electricity, 258, 
266 


and quantity of electri- 
city in the voltaic bat- 
tery, upon what de- 
pendant, 297 

Intestinal concretions, 1405 

Inulin, 1090 

Invisible rays in the spec- 

trum just beyond the 

violet extremity, 201 
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Todate of ammonia, 434 

baryta, 692 

bismuth, 863 

cinchonia, 1212 

—— copper, 817 

— iron, 736 

— lead, 838 

—— lime, 677 

magnesia, 708 

mercury, 940 

potassa, 617, 618 

quinia, 1216 

— silver, 958 

soda, 650 

—— strontia, 701 

—— tin, 784 

zine, 773 

Todates, 374, 596 

Iodic acid, 374 

— its action upon me- 
taly, 596 

Iodide of aluminum, 1021 

antimony, 854 

arsenic, 590 

bariuin, 692 

benzule, 1150 

—— bismuth, 863 

bromine, 377 

cadmium, 790 

calcium, 677 

chromium, 916 

cobalt, 796 

copper, 516 

ethule, 1305 

gold, 977 

hydrocarbon, 544 

iron, 736 

lead, 837 

— and potassium, 838 

—— lithium, 669 

magnesia, 708 

—— magnesium, 7038 

manganese, 726 

mercury, 939 

molybdenum, 904 

nickel, 803 

nitrogen, 426 

phosphorus, 498 

potassium, 617 

—— — decomposed by elec- 
tricity, 288 

silver, 958 

—— sodium, 650 

—— strontium, 70} 

sulphur, 477 

tellurium, 879 

tin, 783 

—— yttrium, 1015 - 

zine, 773 

Todides, metallic, 596 

Iodine, 371 

its action on metals, 596 

aqueous and alcoholic 
solutions, 372 

with bro- 


LTT | 


HTT 


compound 
mine, 377 
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Iodine, its compound with 
chlorine, 375 
—— — with oxygen, 373 
—— — with starch, 372 
its crystals, 371 
cyanuret, 567 
general characters, 371 
— hydrocarburet, 544 
vapour, 371, 372 
Lodoform, 1306 
Todosulphuret of antimony, 
: 857 ; 
mercury, 945 — 
Todous acid, 373 
Ioduretted iodide of potas- 
sium, 618 
Ions, simple and compound, 
310 
Tpecacuanha, 1230 
Tridio-bichloride of potas- 
sium, 1007 
sodium, 1007 
Tridio-bichlorides, 1007 
Iridium, 1005 
its alloys, 1008 
ammonio-bichloride, 
1007 
bichloride, 1007 
—— binoxide, 1006 
carburet, 1008 
deutoxide, 1006 
native alloy with os- 
mium, 1008 
oxides, 1005 
peroxide, 1006 
protochloride, 1096 
protoxide, 1005 
salts, 1008 
sesquichloride, 1006 
sesquioxide, 1006 
sulphate, 1008 
sulphuret, 1008 
Iron, 730 
its acetates, 1319 
alloys, 757 
ammonio-protosul- 
phate, 742 
ammonio-chloride, 735 
ammonio-persulphate, 
742 
antimoniate, 852 
benzoate, 1154 
—— bisulphuret, 739 
borate, 757 
boruret, 757 
bromides, 736 
carbonates, 745 
carburet, 744 
chlorate, 136 
chlorides, 734 
chromite, 909 
citrate, 1191 
combustion in oxygen, 
360 
eyanuret, 746 
—— diphosphuret, 743 
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its disulphuret, 740 
ferrocyanuret, with po- 
tassa, 757 


er 
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fluorides, 73 
hyposulphate, 740 
hyposulphite, 740 
indigotate, 1127 
iodate, 736 
iodides, 736 
manufacture, 758 
molybdate, 902 
nitrates, 737 
nitruret, 737 
ores, 733 
oxalate, 1185 
oxidation by steam, and 

reduction of its oxide 

by hy drogen, 233 
oxides, 731 
passive condition with 

nitric acid, 738 
perarseniate, 888 
perborate, 757 . 
percarbonate, 746 
perchloride, 735 
perchromate, 913 
percyanuret, 746 
periodide, 736 
pernitrate, 737 
peroxide, 732 
perphosphate, 744 
persalts, 758 
persulphate, 742 
— and potassa, 742 
persulphocyanuret, 757 
pertannate, 1105 
phosphates, 744 
phosphuret, 743 
potassasulphate, 742 
potassatartrate, 1176 
potassiochloride, 735 
protarseniate, 888 
protiodide, 736 
protoborate, 757 
protocarbonate, 745 
protochloride, 734 
protonitrate, 737 
protophosphate, 744 
protosalts, 757 
protosulphate, 741 
protosulphite, 740 
proto-sulphocyanuret, 

757 - 
protosulphuret, 738 
protoxide, 732 
reduction, 758 
salts, 757 
—act on astringent 

matter, 1101 
sesquichloride, 735 
sesquicyanuret, 746 
sesquioxide, 732 
sesquisulphur et, 739 


—— silicate, 20N8 
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Tron, its specific heat at dif 
ent temperatures, Sk 
subcarburets, 763, 
note’ . 
subperphosphate, 744 
subpersulphate, — 
succinates, proto — 
per, 1161 4 
sulphate with alumin: ay 
1025 
—— — with nickel, 806 
sulphates, 740 a 
sulphuret with arsenic, 
897 
sulphurets, 738 
tamnate, 1105 
tartrates, 1176 . 
tetras ubpersulphate, a 
742 
tetrasulphuret, 740 
—— titaniferous oxide, 872 
varieties, 763 
Iron bottle for oxygen, 358 — 
erucibles, 1037 : 
glance, 734 
oe pyrites, 739 3 
smelting-furnace, 759 
work, expansion of by 
heat, 134 
Isatis, or woad, 1119 


.. 


Island of St. “Michael, 
rine volcano near the, 
279 , 
Iscethionie acid, 1281 2 


Isomerism, instances of, r 
garding hydr cea 
538 

Isomorphism, 127 

Isomorphous ‘podies, 128 

crystals, 128 

salts, 110 

Ttalian recipient, 1148 

Ivory black, 512 


James’s Powder, 858 
Japan copper, 820 
Japonic acid, 1109. " 
Jasper-ware, 696 ce 
Jelly, varieties of, viz., glue, 
1396; isinglass, 1397 3 
size, 1396 * 


KaLtum, or potassium, 608 
Kelp yields iodine, 371 
and barilla are sources 
of soda, 660 . 
Kermes, 1116, 1117 © 
mineral, B55, 856 
Kinates, 1219 
Kinie acid, 1218 - 
Kite, electricity drawn fro m 
the clouds by a com. 
mon, 273 
Krems, or ’ Kremnitz wilt 


Kreosote, or creosote, 1167 


-Kryolite, 1021 
Krystallin, 1333 
-Kupfernickel, 801, 896 
Laparrague’s disinfecting 
liquid, 663 
Lac, 1159 
Lac red, 1116 
Laccate of lead, 1116 
Laccie acid, 1116 
Lacmus, or litmus, 1115 
Lactalbumen, 1358 
Lactates, 1363 
Lactic acid, 1353, note, 1362 
Lactine, 1359 
Lakes, 1113 
aluminous, 1019 
Lamp-black, 512 
‘Lampic acid, 
1331 


1279, note, 


Lanz’s discharging electro- 
meter, 264 
_ Lantanum, 877 
general characters of, 
877 
Lapis infernalis, 959 
Large plates of zine and 
copper for voltaic bat- 
teries, 299 
Latent heat, 165 
—of steam and other 
vapours, 179, note 
— of water, 170 
Laumonite, 1035 
Lead, 832 
its acetate, 1521 
alloys, 848 
amylate, 1089 
— antimoniate, 853 
antimonite, 851 
arseniate, 868 
arsenuret, 396 
aspartate, 1235 
—— benzoate, 1155 
—— binoxide, 835 
—— biphosphate, 842 
borate, 647 
—— bromate, 838 
bromide, 858 
—— butyrate, 1356 
carbizotate, 1126 
carbonate, 843 
carburet, 843 
chlorate, 837 
— chloride, 836 
— chromate, 913 
cinchonate, 1219 
citrate, 1192 
cobaltocyanuret, 847 
corrosion by air and 
water, 833 
cupellation, 840 
cyanate, 847 
cyanuret, 847 
diacetate, 1323 
—— dichromate, 914 
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Lead, its dicitrate, 1192 

dinitrate, 839 

dioxide, 836 

ferrocyanuret, 847 

—— finely-divided state, 833 

fluoride, 838 

gallate, 1108 

hexacetate, 1823 

—— hyposulphate, 841 

— hyposulphite, 840 

indigotate, 1127 

iodate, 833 

iodide, 837 

—— —with potassium, 833 

laceate, 1116 

malate, 1193, 1194 

margarate, 1140 

melting, absorption of 
heat during, 167 

molybdate, $02 

mucate, 1072 

nitrate, 833 

nitrite, 839 

nitrophosphate, 843 

oleate, 1142 

oxalate, 836, 1186 

oxichloride, 837 

oxides, 834 

oxiodide, 838 

peroxide, 835 

—— phlorizate, 1234 

—— phosphate, 842 

—— phosphite, 642 

—— phosphuret, 841 

poisonous nature, 633 

—— production of metallo- 
chromes, 836 

protoxide, 834 

-—— pyrophorie state, 230, 

333 

—— quadribasic nitrite, 839 

reduction, 840 

saccharate, 1079 

salts, 848 . 

selenite, 843 

seleniuret, 843 

sesquibasic acetate, 1322 

—— — phosphate, 842 

-—— sesquioxide, 835 

— sesquiphosphate, 642 

—— sexbasic nitrate, 839 


silicate, 1034 
stearate, 1139 
strychnate, 1222 
subarseniate, 888 
—— subchromate, 914 
subfluoride, 838 

—— subhyposulphates, 841 
succinate, 1161 
sulphate, 841 

—— sulphite, 840 
sulphocyanuret, 847 
sulphovinate, 1290, 1292 
sulphuret, 839 
tannate, 1105 
tartrate, 833, 1177 
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| Lead, its tartrate with potassa, 


W177 
thionurate, 1382 
— trisacetate, 1325 
trisnitrate, 839 
use in assaying, 970 
Leather, 1897 
varieties of, 13897 
Leaves of plants, 1249 
functions of, 1048 
Lerryre’s soluble cream of 
tartar, 1173 
Legumine, 1093 
Lemon juice yields citric acid, 
1189 
Lemons, essence of, 1148 
oil of, 1147 
Leo ruber of the alchemists, 
974 
Leucine, 1344, note, 1899 
Leucite, 1635 
Levity of hydrogen, 889 
Leyden jar or vial, 262 
Lisavivs’s fuming liquor, 783 
Lichenates, 1198 
Lichenic acid, 1198 
Lichenin, 1699 
Lichen islandicus, 1080 
Lichen starch, 10990 
Lichens uséful in medicine 
and the arts, 1247,etseq. 
Ligaments, membranes, and 
tendons, 1399 
Light, aberration of, 190 
absorbed by black sur- 
faces, 198 
absorption of by bodies, 
confers _ phosphores- 
cence, 215 
affected by passing 
through different me- 
dia, 130 
—— analyzed by refraction, 
197 
—animal creation 
fluenced by, 199 
— chemical agencies of 
bodies influeneed by, 
200 
—— chemical powers of, 199 
decomposition of, 197 
-—— discolours salts of silver, 


956, 959 
double refraction of, 
194 


electric, 257 
emission of, during cry- 
stallization, 219 


extraordinary refrac 
tion of, 195 
gaseous combination 


promoted by, 200 
—— impression of, on the re- 
tina, 198, note 
—— influences  crystalliza- 
tion, 116 » 


ine 


e dabiec tS 
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Light influences vegetation, 
189 


—— intensity of, diminishes 
_as the squares of the 
distance, 190 

interception and trans- 
mission of by bodies, 
190 

— lunar, peculiarities of, 


\ 


magnetism produced by, 
BOLE ot 

metallic salts decom- 
posed by, 200 

ordinary and extraordi- 
nary ray of, 195 

passage of through dif- 
ferent substances, 207, 
note . 

polarization of, 194 

——-— by different reflect- 

ing surfaces, 197 

——— — by ordinary . reflec- 
tion, 195 

reflected by white sur- 
faces, 198 

reflection of, 188, 193 

refracted by the atmo- 
sphere, 191 

refraction of, 188, 190 

——.— affected by density 

and chemical nature, 


. 


191 
resolved into seven 
colours by refraction, 
197 


solar, 207, note 

-—— — chemical effects of, 
199 

theories regarding its 
nature, 188 

transmission of in right 
lines, 190 

vegetation 
by, 199 

velocity of, 189 

—— — compared with that 
of sound, 277 

violet, chemical agencies 
of, 200 

aa magnetism conferred 

upon 1 steel by, 201 
_ Light of candles, intensity of, 
559 


influenced 


—— — oil and gas, 559, note 
Light carburetted hydrogen, 
539 

oil of wine, 1290 

Lightning, analogy between 
it, and the electric 
spark, 272 

-—— conductors attached to 
buildings, ships, &c., 
274 


sandy soil fused by, 276, 
note | 
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Lightning, singular variety in 
the appearance of the 
flashes of, 277 

tree struck by, 276 

velocity of compared 
with that of sound, 
277 

Ligneous starch, 1086 

Lignin, 1094 

itsultimate composition, 
1097 

Lime, 671 

its acetate, 1318 

antimoniate, 852 

antimonite, 851 — 

arseniate, 886 

benzoate, 1154 

—— hbimalate, 1194 

—— bimeconate, 1208 

biphosphate, 685 

borate, 688 - 

bromate, 677 

butyrate, 1356 

caproate, 1357 

carbazotate, 1125 

carbonate, 686 

chlorate, 677 

chloride, 674 

chromate, 912 

cinchonate, 1219 

citrate, 1191, 1189 

columbate, 928 

—— fluoborate, 688 

hydrate, 672 

hydriodate, 677 

—— hypophosphite, 683 

hyposulphate, 680 

——— hyposulphite, 679 

ignition by the oxyhy- 
drogen flame, 224 

iodate, 677 

magnesian 
716 

malate, 1194 

meconate, 1208 

molybdate, 902 

-—— muriate, 673 

native carbonate, 686 

neutral phosphate, 683 

—— nitrate, 678 

oxalate, 1183 

oxymuriate, 674 

pectate, 1071 

phosphate, 683 

phosphite, 683 

purpurate, 1377 

quadriphosphate, 685 

salts, 689 

selenite, 685 

separation from magne- 
sia, 716 

sesquiphosphate, 683 

silicate, 1033 

—— — with magnesia, 1034 

slaking, 672 

— stearate, 1138 
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carbonate, 


Lime, its subphosphate B 
—— succinate, 1161 4 
—— sulphate, 681 * 
sulphite, 686 
sulphovinate, 1292 
supercarbonate, 686 
superphosphate, 685 
tannate, 1105 3 
tartrate, 1175 
tartrovinate, 1303 
—— tungstate, 923 
volatility by heat, 22 
Lime-burning, 687 
Lime-light, 224, 672 
Lime-water, 672 
Limestone, magnesian, 717 
varieties of, 687 
Line of no variation, ise 
Linseed oil, 1130 
Liquid ammonia, 429 
blue, 1120 ¥ 
carbonic acid, 522. 
— — general properties of of 
527 


n 
—a 


—— hydriodie acid, 401 
hydrocarburet, 547 
nitrous oxide, 410 
Liquids, adhesion of air to, 
109 4 
adhesion of to solids, 
108 
—— bulk of enlarged and 
specific gravity dimi- 
nished by heat, 139 
—— compression of, 108 3 
convex and concave 
surfaces of, 108 
effects of heat upon, 1 
evaporation of, produces 
cold, 183 
expansion of by heat, 
132, 137 
and solids, electrical con-— 
ducting power of, 248 
—— — mutualattraction be 
tween, 108 
specific gravity of, ho ; 
taken, 146 
transmit solar radiant 
heat without becoming 
- heated, 208 
volumes’ of vapours 
formed by, 172 i 
Liquifaction, 166 
of carbonic acid gas, 
— — chlorine, 363 
—— — gases, 186 
produces cold, 166 
Liquified chlorine, "363 
— hydrochloric acid gas 8) 
396 
peroxide of 
369 
Liquor ammonia, 428 a 
ammonie acetatis, 1316 
arsenicalis, 883 


chlorine, 


Liquor ferri alkalini, 737 
— plumbi subacetatis, 1323 
— potasse, 611 
sanguinis, 1337 
silicum, 1033 
Liquorice sugar, 1083 
Litharge, 834 
peculiarities regarding 

its crystallization, 118 
_ — of gold and silver, 834 

Lithia, 667 
—— its acetate, 1318 
-—— ammonio-phosphate, 669 
—— bicarbonate, 670 
— biphosphate, 669 
— hbisulphate, 669 
borate, 670 
carbonate, 670 
chromate, 912 
citrate, 1191 
— nitrate, 669 
oxalate, 1183 
_ —— phosphate, 669 
salts, 671 
soda, phosphate, 670 
sulphate, 669 
tartrate, 1174 
Lithic acid, 1374 
Lithium, 667 
its chloride, 668 
—— fluoride, 669 
iodide, 669 
protoxide, 668 

— sulphuret, 669 

Litmus, or lacmus, 1115 

Liver of antimony, 855 

Livers of sulphur, 630 

Loaf sugar, 1076 

Local action in voltaic bat- 
teries prevented, 297 

Logwood, 1113 

London flint glass, 1039 

Looking-glasses, process for 
silvering, 950 

Lucifers, 615. 

Lucullite, or black marble, 


_ Luminosity of flame depend- 
ant chiefly upon solid 
matter diffused through 
it and ignited by it, 223 
Luminous tubes and words 
| are pleasing electrical 
toys, 260 
Luna, or Diana, 953 
Luna cornea, 956 
Lunar caustic, 959 
rays possess no heating 
property, 221 
Lupulin, 1239, note 
Lutes for securing the junc- 
tures of vessels, 1037 
Lymph, 1369 


Macuinrs, magneto-electric, 
343, 349 
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MacqQuEr’s neutral arsenical 


salt, 684 
Madder, 1112 
Made wines, 1259 
Magic landscapes, 796 
Magilp, 1131 
Magistery of bismuth, 863 
Magnesia, 705 
— its acetate, 1318 
ammonio carbonate, 715 
— nitrate, 709 
— phosphate, 713 
— sulphate, 711 
— sulphite, 709 
antimoniate, 852 
arseniate, 887 
benzoate, 1154 
borate, 716 
carbazotate, 1125 
carbonate, 714 
chlorate, 708 
chloride, 708 
chromate, 912 
citrate, 1191 
heavy and light states, 
714 
—— hydrate, 707 
—— hypophosphite, 712 
—— hyposulphate, 709 
——— hyposulphite, 709 
iodate, 708 
iodide,, 708 
—— lime, carbonate,716 
malate, 1194 
molybdate, 902 
muriate, 707 
—— nitrate, 708 
oxalate, 1184 
—— phosphate, 712 
phosphite, 712. 
potassa, sulphate, 712 
—— — carbonate, 715 
salts, 716 
separation from lime, 
716 
—— silicate, 1033 
—— — with lime, 1034 
soda, carbonate, 716 
—— — sulphate, 712 
strychnate, 1222 
succinate, 1161 
sulphate, 710 
sulphite, 709 
tartrate, 1175 
tungstate, 924 
Magnesia alba, 714 
Magnesian limestone, 717 
minerals, 717 
Magnesium, 705 
its ammonio-chloride, 
708 
bromide, 708 
chloride, 705, 706 
ferrocyanuret, 753 
fluoride, 708 
—— iodide, 708 


Beeene 


1449 


Magnesium, its oxide, 705 

phosphite, 729 

phosphuret, 712 

potasso-chloride, 708 

purpurate, 1377 

sulphuret, 709 

Magnet, obvious properties 

of the, 332 

Magnetic attraction and re- 
pulsion, 333 

coil, circular, 342 

force, emanation of, 336 

induction, 333 

iron ores, 332, 731, 733 

needle, 333, 335 

— deflection of, by the 
connecting wire of a 
battery, 337 

polarity, 332 

poles, 333, e¢ seq. 

powers of iron and steel, 
336 

spirals, 341 

Magnetism, 332 

communicated to steel 
wires by violet light, 
201 

destroyed by heat, 334 

electricity produced by, 
343 

—in motion induces an 
electric current, 343 

permanent, 332 

temporary, 333 

vertiginous, 339 


| 


eligi 


Magneto-electric induction, 
343 

Magneto-electrical machines, 
343, 345 


Magneto-electricity, 343 

Magnets made by electricity, 
341 

method of making, 332, 
nole 

Malachite, 824 

Maleeates, 1194 

Maleeic acid, 1194 

Malate of lead, 1193, 1194 

lime, 1194 

magnesia, 1194 

silver, 1194 

Malates generally, 1193 

Malic acid, 1192 

Malleability of metals, 588 

Malleable metals, 588 

palladium, 997 

platinum, process for 
obtaining, 983, et seq. 

Malt, 1086, note 

Maltha, or mineral pitch,1163 

Manganate of potassa, 723 

Manganese, 718 

its acetate, 1318 

ammonio-chloride, 726 

ammonio-sulphate, 729 

—— antimonite, 851 


1450 


Manganese, its arseniate, 887 

benzoate, 1154 

—— binoxide, 721 

black oxide, a source of 
oxygen, 358 

bleaching compounds, 
721 

— borate, 730 

——- carbonate, 718, 729 

—— carburet, 729 

—— chlorate, 726 

— chromate; 912 

—— citrate, 1191 

compounds, 719 

cyanuret, 729 

— deutoxide, 720 

ferrocolumbate, 928 

fluoride, 726 

hyposulphite, 727 

icdide, 726 

molybdate, 902 

nitrate, 727 

oxalate, 1184 

perchloride, 726 

peroxide, 721 

phosphate, 729 

—— phosphuret, 729 

potassa-sulphate, 729 

potassa-tartrate, 718 

protochloride, 725 

protoxide, 719 

—— red oxide, 722 

— salts, 730 

—— sesquioxide, 720 

silicate, 1034 

— succinate, 1161 

sulphate, 728 

— sulphite, 728 

—— sulphurets, 727 

—— tartrate, 1175 

tungstate, 924 

Manganese brown, 728 

‘Manganesic acid, 723 

Manganic acid, 723 

Manganous oxide, 719 

Manheim gold, 828 

Manna sugar, 1082 

Mannite, 1082 

Manufacture of glass, 1038 

iron and steel, 758 

—— pottery and porcelain, 
1035 

starch, 1084 

Manures, 1052 

Maple sugar, 1080, note 

Marble, varieties of, 687 

Marbre di Bergamo, 682. 

Marcasite, or bismuth, 861 

Mare’s milk, 1361 

_ Margarate of ammonia, 1140 

cetene, 1403 

lead, 1140 

potassa, 1140 

soda, 1140 

Margarates, 1140 

Margaric acid, 1149 
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Margarine, 1140 
Margaritic acid, 1142, note 
Margarone, 1140 
Margarous acid, 1140 
Marine volcanos, electrical 
phenomena of, 279 
Marking ink, 950 
Marly clay, 1084 
Martial Ethiops, 733 
regulus, 859 
Massicot, 834 
Massive and granular gyp- 
sum, 682 
Mastich, 1157, note 
Matches for instantaneous 
light, 615 
Materia hermaphrodita, 1099 
saponacea, 1099 
Matter is indestructible, 223, 
230 
powers and properties 
of, connected with 
chemical changes, 107 
Maximum density of water, 


Mead, 1259 
Meadow saffron, 1223, note 
Meanheight of the barometer, 
174 
pressure of the atmo- 
sphere, 438 
Mechanical aggregation fre- 
quently opposes che- 
mical action, 229 
properties of the air, 438 
Meconates, 1208 
Meconia, 1205 
Meconic acid, 1208 
Meerschaum, 1933 
Melam, 565, 576 
Melamin, 577 
Melassic acid, 1077 
and glucic acids, 1077 
Mellilite, or honeystone,1165 
Mellitates, 1165 
Mellitic acid, 1165 
Mellon, 575 
Mellonurets, 575 
Melting and freezing points, 
table of, 171 
Melting pots, 1037 
Membranes, ligaments, and 
tendons, 1399 
Menachanite, 871 
Menilite, 1029, note 
Menispermic acid, 1226 
Menispermum coculus, 1226 
Menyanthine, 1090 
Mercaptan, 1307 
Mereaptum, 1308 
Mercurial horn ore, 935 
Mercurio-pneumatic appara- 
tus, 357 
Mercurius vite, 853 


“Mercury, 928 


its acetate, 1824 


Mercury, its alloys, 950 
- ammonio-chlorides, 937 
ammoniuret, 931 
arseniate, 950 
benzoate, 1155 
bichloride, 935 
bicyanuret, 947 
biniodide, 939 
biseleniuret, 947 
—— hbisulphuret, 944 
borate, 950 
_bromates, 941 | 
bromide, 940 
bromosulphuret, 945 
chlorates, 938 ; 
chlorides, decomposed 
by lime, 936 - 
chlorosulphuret, 945. 
chromate, 9590 4 
citrate, 1192 — 
con gelation by solid ear- 
bonie acid and ether, 
528 4 
employment for collect= 
ing gases, 357 % 
ferrocyanuret, 949 
finely-divided state, 929 
—— fluorides, 941 4 
fluosulphuret, 945 
fulminate, 949 ~ 
—— hydriodates of periodide, 
940 
hydrochlorate of bichlo- q 
ride, 936 ] 
—— hyposulphite, $45 
indigotate, 1128 
iodate, 940 
—— iodides, 939 
iodosulphuret, 945 
lampate, 1279, note __ 
mercaptide, 1307 
molybdate, 950 
nitrates, 941 
nitrico-oxide, 942 
oxalate, 1187 
oxichloride, 937 
oxicyanuret, 948 4 
— oximuriate, 935 4 
perborate, 950 
—— peracetate, 1324 
—— perchloride, 935 
—— periodide, 939 
pernitrate, 942 - 
pernitrates, action of © 
ammonia on, 942 
peroxide, 930 
perphosphate, 947 
eit a 933, 935, _ 
946 
phosphates, 947 
phosphuret, 946 
precipitated form, 925 
protacetate, 1324. 
~ protocarbazotate, 1125 
protochloride, 932 
protiodide, 939 


Mercury, its protonitrate, 
941 


—— protophosphate, 947 
protosulphate, 946 
protosulphuret, 943 
protoxide, 929 
salts; 952 
seleniuret, 947 
sesquiodide, 939 
—— suboxide, 929 
subpernitrate, 942 
—— subprotonitrate, 941 
— succinate, 1162 
— sulphite, 945 
—— sulphoeyanuret, 949 
sulphurets, 943 
— supersulphate, 946 
tartrate, 1178 
—— — with potassa, 1178 
yellow iodide, 939 
Merorganized sugar, 1089, 
note 
Mesoxalic acid, 1380 
_ Metacetone, 1326 
Metagallic acid, 1108 
Metal and wood, comparative 
conducting power of, 
160 
Metaldehyd, 1330 
Metallic alloys, 603 
— table of, 604 
‘borates, 603 
bromides, 596 
carbonates, 602 
carbureis, 602 
chlorates, 595 
chlorides, 594 
coating of the Leyden 
jar is not essential to 
its charge, 266 
combinations, 
586 
compounds, change of 
their physical and che- 
mical characters, 130 
—— — reducible by light, 
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native, 


F 


200, 593 
contact, perfect, essen- 
‘tial in electromagnetic 
experiments, 337 

cyanurets, 602 

-—— fluorides, 596 

_— fulminates, 602 

— hydrocyanates, 602 

—— hydrosulphates, or hy- 
drosulphuretted ox- 
ides, 600 

—— hypophosphites and 
phosphites, 601 

—— hyposulphates, 599 

—— hyposulphites, 598 

iodates, 596 

iodides, 596 

lustre, 586 

nitrates, 597 

—— opacity, 586 
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Metallic oxides, 591 
— absorption of chlo- 
rine by, 595 
-—— — combine with oxy- 
acids, 595, et seq. 
—— — rendered insoluble in 
acids by ignition, 130 
——- phosphates, 601 
—— phosphurets, 601 
precipitates by a strong 
infusion of galls, 1106 
——- precipitation of copper, 


Metals, action of sulphuric 
acid on, 599’ 

—— — sulphuretted hydro- 
gen on, 600 

——— — upon each other, 603 

— — water on, 597 

— atomic weights and spe- 
cifie gravities, coinci- 
cidence of, 594 

—- attraction of for oxygen, 
592 

—— brittleness of, 588 


830 classification of, 605 
—— — gold, 972 cold produced by the 
—— — silver, 959, 971 liquifaction of, 168 
salts, 586 conduction of heat by,155 
—— — decomposed by light, congealing points of, 172 
200 


crystalline structure of, 
developed by action of 
acids and other agents, 
113 

—- crystallization of, 587 

crystallized by fusion, 
113 

definite compounds of 
with oxygen, 593 

detected by ferrocyanu- 
ret of potassium, 749 

—— different, by contact ex- 
cite electricity, 284 

ductility of, 583 

— elasticity of, 588 

—— electromotive power of, 

284 
—— elicited from oxides by 
electrolysis, 309 

—— enumeration of, 585 

—— equivalent numbers of, 

585 


seleniurets, 601 

solutions affected by 
sulphuretted hydrogen 
and hydrosulphuret of 
ammonia, 600 

—— — reduced by phospho- 

rus, 601 

— sulphates, 599 

sulphites, 599 

sulphocyanurets and 
sulphocyanates, 603 

—— sulphurets, 598 

-—— surfaces are good re- 

flectors of heat, 212 

—— — compared with non- 
metallic, as regards 
reception and reten- 
tion of radiant heat, 
210 

wires, tenacity of, 568 

Metallization of ammonia,952 


Metallo-chromes, 836 —— expansion of, by heat, 

Metalloids, 349 132, 133 

Metals, action of ammonia fluxes for assaying, 599, 
on, 597 note 


—— — boron on, 603 
—— — bromine on, 596 - 
—— — carbonic acid on, 602 
—— — carbon on, 602 
——— — chloric acid on, 595 
—— — chlorine on, 594 
—— — cyanogen on, 602 
—— — fluorine on, 596 
—— — hydrogen on, 596 
—— — hyposulphurous acid 
on, 598 
—— — iodine on, 59¢ 
—— — nitric acid on, 597 
—— — oxygen on, 591 
—— — phosphoric acid on, 
601 
—— — phosphorus on, 601 
—— — selenium on, 601 
—— — sulphur on, 598 
—— — sulphuretted hydro- 
gen and _ hydrosul- 
phuret of ammonia 
on, 600 


fusibility of, 589 

general properties of, 
585 to 605 

good reflectors and im- 
perfect radiators of 
heat, 586 

hardness of, 588 

—— hydrosulphates or hy- 
drosulphuretted ox- 
ides of, 600 

ignition and combustion 
of, by voltaic electri- 
city, 299 

malleability of, 588 

—— native, 586 

nomenclature of oxy- 
salts of, 593 

odour and taste of, 589 


oxygen, 605 
—— — their discovery, 585 
— oxides of, combine with 
oxyacids, 593 


—— order of attraction for 
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Metals, oxides of, nomencla- 
ture for, 593 
oxysalts of, 593 
— physical characters of, 
586 
—— production of, 809 
proto and per-salts of, 
594 
reduction of, 592 
—— relation between their 
‘atomic weights and 
specific gravity, 594 
— salts of, 586 
—— sonorousness of, 588 
—— sources of, 586 
specific oravity of, 587 
—— — heat of, 162 
— sulphur salts of, 598 
— symbols of, 583 
tenacity of, 588 
Metal-work, expansion and 
contraction of, by heat 
and cold, 134 
Metameconie acid, 1209 
Metaphosphate of soda, 658 
Metaphosphates, 493 
Meteoric iron, 608 
phenomena, general ob- 
servations upon, 282 


— 


stones, or  aérolites, 
807 
Meteors, supposed. electric 


origin of, 282 

Methylene, 1326 

its binhydrate, 1326 

compounds, 1329 

—— hydrochlorate, 1328 

—— hydrofluate, 1329 

protohydrate, 1327 

sulphate, 1328 

Mica, 1035 

Micaceous iron ore, 734 

Microcosmie salt, 658 

Milk, 1353 

of the cow tree, 1093 

Mine tin, 779 

Mineral adipocere, 1163 

caoutchoue, 1163 

charcoal, 514 

green, 824 

—— pitch, 1163 

tar, 1163 

Minerals containing glucina, 

1009 

isomorphous, 128 

Miners’ safety lamp, the, de- 
seribed, 227 

Minium, or red lead, 834 

Mirrors arranged for experi- 
ments upon the re- 
flection of heat, 203, 
note 

Mispickel orarsenical pyrites, 
897 


Moder, or géine, 1099 - 
Moirée metallique, 113, 788 
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Moisture influences prirefiare 
tion, 1334 
Molybdate of ammonia, 900, 
901 
baryta, 902 
cadmium, 902 


.— chromium, 917 


cobalt, 902 
—— copper, 903 
iron, 902 
— lead, 902 

—— lime, 902 ~ 
—— magnesia, 902 


manganese, 902 

mercury, 950 

nickel, 902 

—— oxide of molybdenum, 
900 

potassa, 901 

—— silver, 967 

— soda, 902 

——- strontia, $62 

—— tin, 902 

uranium, 903 

zine, 902 

Molybdenum, 899 

its ammonio-chloride, 
903 

bichloride, 903 

—— bifluoride, 904 

—— biniodide, $04 

—— binoxide, 900 

—— bisulphuret, 904 

bromide, 904 

chlorides, 903 

chromate, 915 

deutoxide, 900 

fluorides, 904 

iodides, 904 

—— oxalate, 1186 

oxichloride, 903 

oxides, 899 

perchloride, 903 

perfluoride, 904 . 

persulphuret, 905 

protiodide, 904 

protochloride, 903 

protoxide, 899 

quadrosulphuret, 905 

salts, 905 

sulphur salts, 905 

sulphurets, 904 

Molybdic acid, 899, 901 

compounds, general cha- 
racters of, 905 

oxide, 900 

Molybdo-persulphurets, 905 

Molybdo-tersulphurets, 905 

Molybdous acid, 900 

oxide, 899 

Monochromatic flame and 

lamp, 224, note 
Moonlight possesses no heat- 
ing power, 221 
Moroxite, 683 
Moroxylates, 1198 


Moroxylic acid, 1198 
Morphia, 1200. 
its acetate, 1203 — 
bisulphate, 1203 
—— hydrochlorate, 1203 
— nitrate, 1203 
—— phosphate, 1203 
salts, 1202 | 
sulphate, 1202 
Mortars and cements, 1037 
Mosaic gold, 786 a 
Mother liquor or water, 11 0, 
11 


¥ 


Mother-of-pearl shells, 1407 

Motion of light, 189 

Mountain-blue, 825 

Mountains, accessible, mea- 
sured by the barome- 
ter, 438 

Mucate of lead, 1072 4 

Mucates, 1072 

Mucie acid, 1071 

Mucilage, 1070. 

Mucilaginous extractive 1807 i 

Mucus, 1371 

Muffle used in silver assay: 
970 

Mulberry caleuli, 1183, 1391 

Mumia mineralis, 1163 , 

Mummification, pyroligneous 
acid employed in, 1313, 
note 

Murexan, 1386 

Murexid, 1384 

Muriacite, 682 

Muriate of baryta, 691 . 

gold, 974 

— lime, 673 

magnesia, 770 

potash, 612 

soda, 647 

zine, 772 

Muriatic acid, 394 

ether, 1303 

Muscle, or flesh of animal 
1398 g 

Muscovado, or raw sugar, 
1073 

Mushroom sugar, 1083 

Mustard seed oil, 1133 

Mutton fat, 1401 

Mykomelinic acid, 1380 

Myrica cerifera, 1134 

Myricin, 1135 


N AIRNE’S electrical machine, 
254 
Naphtha, 550, 1163 
Naphthalase, 553 
Naphthalin, 553 
chloride of, 553 
Narceia, 1204 
Narcotina, 1205 
Native alloy of iridium and 
osmium, 1008 
alumina, 1019 


hd i lis 


‘Native arseniates of copper, 


888 

arsenic, 880 

—— boracic acid, 581 

carbonate of baryta, 698 

—— — copper, 825 

— — lead, 847 

—— — lime, 686 

— — magnesia, 715 

— — strontia, 704 
— chloride of lead, 837 

—— — silver, 957 

chromate of lead, 914 

chromite of iron, 909 

— cinnabar, 945 

copper, 812 

cubic arseniate of iron, 
888 

disulphuret of copper, 
819 

gold, 971 

green vitriol, 742 

hydrate of alumina, 
1020 

— magnesia, 706 

iodide of silver, 958 

iron, 730 

— enormous masses of, 
808 

metals, 586 

mercury, 929 

naphtha, 550 

orpiment, 893 

oxide of bismuth, 862 

—— — copper, 813 

oxides of iron, 733 

palladium, 998 

peroxide of tin, 781 

— phosphate of copper, 
824 

— — iron, 744 

— — lead, 842 

-——. — lime, 683 

protocarbonate of iron, 
745 

protochloride of mer- 
cury, 939 

protoxide of chromium, 
908 

sal-ammoniae, 433 

seleniuret of mercury, 
947 

silicates, 1033 

— — of alumina, 1035 

silver, 953 

sulphate of baryta, 696 

— — lead, 841 

— — lime, 682 


Fila ae 


—— 


——$—_ 


——— 


-—— — magnesia, 710 


—— — strontia, 703 

—— — zine, 775 

sulphur, 457 

sulphuret of bismuth, 
864 

—— — iron, 739 

—— — léad, 840 
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Native sulphuret of molybde- 
num, 904 
— — silver, 961 
—— — zine, 774 
sulphuric acid, 469 
—— tungstate of iron and 
manganese( Wolfram) 
924 
varieties of sulphate of 
lime, 661 
Natrolite, 1035 
Natural electrical phenome- 
na, 271 
Neats’-foot oil, 1400 
Negro’s skin absorbs the 
sun’s rays without ill 
effect, 207, note 
Nephelin, 1035 
Neutralization of electricities, 
257 
point of, learned by test 
papers, 231 
Nickel, 801 
its acetate, 1320 
alloys, 807, 810 
ammonio-carbonate,807 
ammonio-chloride, 803 
ammonio-nitrate, 804 
ammonio-sulphate, 805 
antimoniate, 853 
arseniate, 889 
arsenuret, 896 
benzoate, 1155 
— binarsenuret, 896 
biselenite, 806 
borate, 807 
bromide, 803 
carbonate, 806 
earburet, 806 
chlorides, 803 
chromate, 913 
citrate, 1192 
eyanuret, 807 
ferrocyanuret, 807 
fluoride, 804 
iodide, 803 
— molybdate, 902 
—— nitrate, 804 
oxalate, 802, 1186 
oxides, 802 
peroxide, 803 
—— phosphate, 806 
phosphuret, 806 
potassa-sulphate, 805 
protoxide, 802 
salts, 810 
selenite, 806 
seleniuret, 806 
sesquioxide, 803 
subchromate, 913 
subsulphuret, 805 
sulphate, 805 
— with iron, 806 
—— — with zine, 806 
—— sulphuret, 804 
—— tartrate, 1178 
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Nickel-ochre, 889 
Nicotina, 1226 
Nihil album, 771 
Nitrate of alumina, 1021 
ammonia, 435 
baryta, 693 
bismuth, 863 
cadmium, 791 
chromium, 916 
cinchonia, 1212 
cobalt, 796 
copper, 817 
—— — and chloride of so- 
dium, 818 
glucina, 1010 
iron, 737 
lead, 838 
—— lime, 678 
—— lithia, 669 
magnesia, 708 - 
manganese, 727 
mercury, 941 
morphia, 1203 
nickel, 804 
palladium, 999 
platinum, 993 
potassa, 620 
quinia, 1216 
rhodium, 1002 
silver, 959 
soda, 651 
strontia, 701 
tin, 784 
uranium, 868 
vanadium, 920 
—— yttria, 1016 
zine, 773 
zirconia, 1013 
Nitrates, 422, 597 
Nitre, a source of nitric acid, 


—— 
—— 
— 
—_— 
—— 


416 
erystals, 111, 112, 116 
sources, purification, 


and uses of, 620, 622 

Nitric acid, 415 

action of on indigo, 
1123 

— action of on metals, 
597 

— passive condition of 
iron in respect to, 738 

— produced by electri- 
city passing through 
air, 325 

— sources ani 
perties of, 416 

— tests for, 422 

— uses of, 421 

— value of aqueous so- 
lutions of, 419 

Nitric oxide, 411 

Nitrico-oxide of mercury, 942 

Nitricum, 407 

Nitrite of lead, 83) 

silver, 958 

Nitrogen, 404 


oo 


pro- 
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Nitrogen, its bicarburet, 560 


binoxide, 411 
bromide, 426 
carburet, 562 
chloride, 424 
compounds with oxy- 
gen, 236, 407 
—— deutoxide, 411 
iodide, 426 
oxides, 407 to 411 
peroxide, 415 
phosphuret, 498 ° 
—— protoxide, 407 
terhydruret, 427 
Nitrohydrochloric acid, 423 
Nitroleucic acid, 1399 
Nitromuriate of ‘tin, 783 
Nitromuriatic acid, 423 
Nitronaphthalase and nitro- 
naphthalese, 553 
Nitrophosphate of lead, 843 
Nitrosaccharine acid, 1396 
Nitrosulphuric acid, 962 
Nitrous acid, 413, 415 
ether, 1294 
oxide, 407 
Nitruret of iron, 737 
Noble metals, 591 
Nomenclature, chemical, ge- 
neral principles of, 351 
of oxysalts of the metals, 
593 
Non-supporter of combus- 
tion, 406 
Nooru’s apparatus, 530 
Nordhausen, or German sul- 
_ phuric acid, 469 
Nucleus for erystals, 115 
Nut oil, 1131 
Nutmeg oil, 1134 
Nutritive powers of vege- 
tables, 1096 
Nux vomica, 1219 


Opsip1ANn, 1029, note 

Octobasic sulphate of alu- 
mina, 1023 

Octoédral borate of soda, 666 

Odorin, 1333 

Odour and taste of metals, 
589 

CEnothionic acid, 1285 

Oil gas, 556 

— of amber, 1189 

— ben, 1133 

‘— bricks, 1129 

— copivi, 1148 

— grain, 1264, note 

— lime, 673 

— tartar, 636 

— turpentine, 1144 

—  — hydrate of, 1147 

— yitriol, 463 

— wine, 1287 

Oils, 1128, e¢ seq. 
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Olanin, 1333 

Oleate of ammonia, 1141 
baryta, 1142 
copper, 1142 

lead, 1142 

potassa, 1141 

soda, 1142 

Oleates, 1141 

Olefiant gas, 541. 


Oleic acid, 1140 


Olein, or elain, 1128 

Oleone, 1142 

Olibanum, 1157, note 

Olive oil, 1132 

Olivin, or chrysolite, 1033 

Onyx, a variety of quartz, 

— 1028, note 

Opal, 1028, ‘note 

Opium, components of, 1200 

crystalline principles, 
table of, 1207 

Organic analysis, 1054, e¢ seq. 

bodies are all combusti- 
ble, 361 

compounds, ultimate 
analysis of, 1064 

matter interferes with 
tests for copper, 830, 
note, 832 

matters, 


spontaneous 


phosphorescence _ of, 


218 
Organization, 
1043 


Organs of plants, 1046 
Orpiment, 892 


893 
Orselle, 1115 
Orthite, 874 
Osmazome, 1344 
Osmie acid, 1004 
Osmiochlorides, 1004 
Osmium, 1003 
its binoxide, 1004 
chlorides, 1004 
oxides, 1003 
peroxide, 1004 
protochloride, 1004 
protoxide, 1003 


——— sesquioxide, 1003 


sulphuret, 1004 
teroxide, 1004 
Ovalbumen, 1339, et seq. 
Oxalamide, 1181 

Oxalate of alumina, 1187 
ammonia, 1181 
antimony, 1186 
baryta, 1184 

—— bismuth, 1186 

— cadmium, 1185 
— cerium, 1186 


chromium, 1186 
cinchonia, 1212 
cobalt, 1 186 


— essential or volatile, 1143 | —— columbium, 1187 


| Oxalis acetosella, 1179 


products of, 


ammoniacal solution of, 


j iG i 
- -- 
“he 


Oxalate of copper, 1185 “4 a 
— — and ammonia, 1185. 
—— — and potassa, 1185 


—— — and soda, 1186 
iron, 1185 Anan 
lead, 836, 1186 
—— lime, 1183 

lithia, 1183 
magnesia, 1184 
manganese, 1184 
mercury, 1187 — 

= molybdenum, 1186 
nickel, 802, 1186 
potassa, 1182 
quinia, 1216 

ilici 1028 
silver, 1187 

soda, 1183 
strontia, 1184 
—— tin, 1185 

—— titanium, 1187 
uranium, 1186 
zine, 1188. 
Oxalates, 1182, e¢ seq. 
Oxalic acid, 1179 
ether, 1296 


ae 
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Oxalovinic acid, 1297 
Oxalyle, 517 
Oxamide, 1181 
Oxibromide of cerium, 876 
Oxichloride of antimony, 853 
bismuth, 862 
chromium, 915 
copper, 816 
lead, 837 
mercury, 937 \ 
molybdenum, 903 
tin, 782 
tungsten, 924 
Oxicyanuret of mercury, 948° 
Oxidation by the blowpipe 
lamp flame, 590, note 
Oxide of aluminum, 1018 
antimony, 849 
arsenic, 881 
barium, 689 
bismuth, 861 
cadmium, 790 
calcium, 671 - 
—— chromium, 907 -) 
— cobalt, 795 “2 
— columbium, 927 


&. 


a 
A 


copper, 812 . f 
ethule, 1274 ng 
glucinum, 1009 
gold, 973 
iodine, 373 
iridium, 1005) 
—— iron, 731 
— lead, 834 a 
—— magnesium, 705 aq 
mercury, 929 * 
molybdenum, 899 a 
nickel, 802 ah 
—— osmium, 1003 ’ 


Oxide of palladium, 998 .. 
—— phosphorus, 487 
platinum, 988 
silver, 955 
— tellurium, 878 
thorinum, 1016 
—— tin, 780 
titanium, 871 
tungsten, 921 
urapium, 867 
vanadium, 919 
—— yttrium, 1015 
zine, 770 
zirconium, 1011 
Oxides, nomenclature of, 593 
production of, 361 
Oxidizement and oxidation, 
’ 361 
Oxidizing agency of nitric 
acid, 421 
Oxidum ferroso-ferricum, 731 
Oxidum manganoso-mangani-~ 
cum, 722 
' Oxiodie acid, 375 
Oxiodide of lead, 838 
Oxisulphuret of antimony, 
855, 857 
Oxyacids, compounds of, with 
methylene, 1328 
Oxychlorate of potassa, 616 
Oxychloric acid, 370 
Oxychloride of calcium, 674 
carbon, 517 
Oxygen, 358 
—— absorption of by silver, 
j 954 
—— action of on metals, 591 
assumed as = | or unity, 
and other equivalents 
deduced therefrom,239 
combustions in, 360 
original names of, 358 
sources and properties 
of, 358, 359 
Oxygenated water, 392 
Oxyhydrogen blowpipes, 384 
blowpipe, ignition of 
lime by the, 224 
Oxymuriate of lime, 674 
mercury, 935 
tin, 783 
Oxymuriates, 370 
Oxymuriatic acid, 362 
| Oxysalts of metals, 593 
Oxysulphuret of cobalt, 797 
- zine, 774 
Oyster-shells, solar phospho- 
_ rus obtained from, 216 


PAINTERS’ varnish, 1130 

Palladio-bichloride of potas- 

sium, 999 

Palladio-cyanuret of potas- 
sium, 1000 

Palladio-protochloride of po- 
tassium, 999 
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Palladium, 997 
its alloys, 1000 
ammonio-protochloride, 
999 
- bichloride, 999 
—— binoxide, 998 
carburet, 1000 
cyanuret, 997, 1000 
malleability, 997 
nitrate, 999 
oxides, 998 
perchloride, 999 
—— phosphuret, 999 
—— protochloride, 998 
protoxide, 998 
salts, 1000 
seleniuret, 999 
sulphate, 998 
sulphuret, 999 
Palm oil, 1134 
Pancreatic juice, 1369 
Paper, electrically excited, 
242 
Parabanic acid, 1380 
Paraffine, 1165 
Paramaleeates, 1195 
Paramaleeic acid, 1194 
Paramorphia, 1205! 
Paramucic acid, 1073 
Paranaphthalin, 554 
Paratartaric acid, 1179 
Paratartrovinie acid, 1303 
Parillin, 1240, note 
Parts of plants, 1241, e¢ seq. 
— useful in medicine 
and the arts, 1241, e¢ 
seq. 
Passive condition of iron in 
respect to the action 
of nitric acid, 738 
Paste for artificial gems, 
1042 
Patent yellow, 837 
Peach-blossom cobalt, 889 
Pearlash and potash, manu- 
facture of, 637 
Pearls, 1407 
Pearl white, or dlane de fard, 
863 . 
Peat and turf, 1164 
Pechblende, 866 
Pectates, 1071 
Pectic acid, 1071 
Pectin, 1071 
Pellicle upon the surface of a 
saline solution, 112 
Pendulum, length of the, 135, 
note 
Pentasulphuret of calcium, 
679 
Peracetate of mercury, 1324 
Perarseniate of iron, 888 
Perborate of iron, 757 
mereury, 950° 
Perbromide of tin, 784 
Percarbonate of cerium, 877 
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Percarbonate of iron, 746 
uranium, 869 
Perchlorate of potassa, 616 
Perchloric acid, 370 ; 


Perchloride of antimony, 853 


chromium, 915 

iron, 735 

manganese, 726 

mereury, 935 

molybdenum, 903 - 

palladium, 999 

—— phosphorus, 496 

platinum, 991 

potassium and uranium, 
568 

—— rhodium, 1001 

tin, 782 

tungsten, 924 

Percussion inflames gunpow- 

der, 626 

Percyanuret of gold, 978 

iron, 746 

Perfluoride of chromium, 916 

molybdenum, 904 

Perfumed essences, 1143 

Periodic acid, 375 

Periodide of iron, 736 

mercury, 939 

tin, 784 

Permanent crystals, 112 

fluidity of alcohol, 1265 

white, 696 

Permanently elastic or gase- 

ous bodies, 349 

Permanganate of ammonia, 
725 

potassa, 725 

Permanganic acid, 723 

Pernitrate of iron, 737 

mercury, 942 

——- —— action of 
on, 942 

platinum, 993 

tin, 785 

Pernitrous acid, 414 

Peroxide of antimony, 851 

barium, 393, 690 

calcium, 673 

cerium, 875 

chlorine, 368 

— explosion of, 369, n. 

— theory of its evclu« 
tion, 616 

cobalt, 785 

gold, 973 

— ammoniuretted, 976 

hydrogen, 392, 690 

iridium, 1006 

iron, 732 

lead, 835 

manganese, 721 

mercury, 930 

nickel, 803 

nitrogen, 415 

osmium, 1004 

—— platinum, $89 


——— 
—— 
—n 
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ammonia 
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Peroxide of potassium, 612 

rhodium, 1001 

silver, 955 

sodium, 646 

strontium, 700 

tellurium, 879 

tin, 780 

titanium, 872 

uranium, 867 

Perpetual motions, electrical, 
287 

Perphosphate of iron, 744 

mercury, 947 

uranium, 869 

Persulphate of ammonia and 
iron, 742 

— cerium, 876 

—— iron, 742 

— — and potassa, 743 

mercury, 933, 935, 946 

—— platinum, 994 

uranium, 869 

Persulphocyanuret of iron, 
757 

Persulphuret of arsenic, 893 

molybdenum, 905 

Pertannate of iron, 1105 

Peruyian bark, crystalline 
principles of, 1210 

Petalite, 667, 1035 

Petrifying well, 686 

Petroleum, 1163 

Pharmacolite, 886 

Phenakite, 1009 

Phenicin, 1121 

Philosopher’s oil, 1129 

wool, 771 

Phlogisticated air, 404 

“sulphuric acid, 460 

Phlogiston, 361 

Phloretine, 1234 

Phlorizates, 1234 

Phlorizeine, 1234 

Phlorizin, 1233 

Phocenates, 1404 

Phocenine, 1404 

Phosgene gas, 517 

Phosphate of alumina, 1025 

ammonia, 495 

—— — and magnesia, 713 

antimony, 858 

baryta, 697 

bismuth, 865 

cadmium, 792 

chromium, 917 

cobalt, 799 

copper, 824 

glucina, 1011 

lead, 842. 

— lime, 683° 

lithia, 669 

magnesia, 712 

manganese, 729 

mereury, 947 

morphia, 1203 

nickel, 806 
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Phosphate of potassa, 634 
quinia, 1216 . 
silver, 963 

soda (rhombic), 656 
soda and lithia, 670 


—— — and potassa, 660 


strontia, 703 

=— tin, 787 

— titanium, 873 

— yttria 1016 

zine, bn 6 

zirconia, 1014. 

Phosphates, 601 

of soda, table showing 
the composition of, 659 

water, singular facts 
regarding, 492 

— tabular view of, 494 

Phosphite of ammonia, 489 

baryta, 697 

lead, 842 

— lime, 683 

magnesia, 712 

manganese, 729 

potassa, 634 

silver, 963 

soda, 656 

strontia, 703 

tin, 787 

Phosphorescence, phenomena 

of, 215 

Phosphori, solar, 215 

spontaneous, 218 

thermal, 217 

Phosphoric acid, 490 

— action of heat on, 491 

—— — combines with me- 

tallic oxides, 601 

—— — its deutohydrate, 492 

—— — protohydrate, 492 

— terhydrate, 492 

Phosphorite, 683 

Phosphorous acid, 1293 

Phosphorus, 482 

its ammoniuret, 501 

bromide, 498 

combination with me- 
tals, 601 

combustion in chlorine, 
365 

— — oxygen, 360 

fluoride, 499 

general characters, 482 

—— hydroguret, 499 

iodide, 498 

oxide, 487 

perchloride, 496 

presence in brain, 1406 

protochloride, 496 

sesquihydroguret, 500 

Phosphovinie acid, 1293 

Phosphuret of aluminum, 
1025 

antimony, 858 

arsenic, 897 

—— barium, 697 


“—— yttrium, 101¢ 


| Platinate of bar yta, 992 


Phosphuret of sigan 20s 
caleium,. 682 
car bon, 574 
cerium, 876 
chromium, 917 a 
cobalt, 799. ove 
—— glucinum, 1011 ) 
gold, 978 

iron, 743 ~ 

lead, 841 
magnesium, 712 
manganese, 729. 
mercury, 946 
nickel, 806 
— nitrogen, 498 
palladium, 999 
platinum, 994 
potassium, 633 
selenium, 507 
sodium, 656 
strontium, 703_ 
: sulphur, 501 
—— titanium, 873 
tungsten, 925 
uranium, 869 
vanadium, 921 


zine, 776 

Phosphurets, 601 

Phosphuretted hydrogen, 499, — 
683 


Photogenic drawings,200,956_ 

— how fixed, 962 j 
Photometer, 207, note 

for experiments on ra<_ 

diant heat, 211 | 

Physical characters of metals, — 
586 


Picamar, 1168 
Picrotoxia, 1226 
Pinates, 1158 
Pinchbeck, 827 
Piniec acid, 1158 
Pinit, 1035 
Pins, tinning of, 788 
Pipe clay, 1034. 
Piperine, 1234 
Pisolite, 687 
Pitchstone, 1029, note 
Pit-coal, 1164 " 
Pith-balls, electrical dance of, % 
260 
Pittacal, 1169 2. 
Plants, growth, structure, 
and functions of, 1043 — 
parts of, 1241, e¢ seq. — 
and animals, "functions 
of, influenced by light, 
199 . 
Plaster, 1136, note 
of Paris, 112, 681 . 
Plate electrical machine, 255 
glass, 1041 


Platino-bichloride of ammo- 
nia, 991 ‘ 
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Platino-bichloride of barium, 

. 992 

potassium, 992 

sodium, $92 

Platino-chloride of calcium, 
993 

— silver, 993 

Platino-chlorides, proto and 
per, 991 

Platino-protochloride of am- 

monia, 991 
potassium, 991 


= sodium, 991 


Platinode and zincode de- 
fined, 299 
Platinum, 983 
its actionupona mixture 
of oxygen and hydro- 
gen, 386 


_— alloys, 995 


amalgam, 996 © 
ammonio-muriate, 991 
— hichloride, 991 
bisulphuret, 993 


_ — chlorides, 990 


cyanuret, 994 

—— — with potassium, 994 

fulminating compound, 
989, 994 

malleable state, 983, et 
seq. 

— nitrates, 993 

oxides, 988 

perchloride, 991 

pernitrate, 993 

peroxide, 989 

persulphate, 994 

— phosphuret, 994 

protonitrate, 993 

protosuiphate, 993 

protosulphuret, 993 

protoxide, 989 

salts, 997 

seleniuret, 994 

sesquioxide, 989 

suboxide, 988 

—— sulphates, 989, 993 

sulphocyanuret, 995 

sulphurets, 993 

welding with glass, 109, 
135 

— with steel, 995 

Platinum black, 990, 994 

vessels, cautions  re- 
garding their use, 996 

Plumbago, 513 

crucibles, 1037 

Plumose alum, 1025 — 

Pneumatic apparatus 

scribed, 354 * 


de- 


- Pointed conductors attract 


electricity, 273 
Points, influence of, upon 
electricity of tension, 
261 
Poison by lead, 833 
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Polar arrangement caused 
by induced electricity, 
249 

chemical decomposition 
effected by electricity, 
324 

Polarity, magnetic, 332 

Polarization of light, 194 

Poles of the voltaic battery 

termed anode and 
cathode, 298 

Pollenin, 1094 

Polychroite, 1118 

Polygalic acid, 1198 

Polyhedral atoms, 124 

Pompholix, 771 

Poppy oil, 1131 

Porcelain clay, 1034 

Porcellaneous shells, 1407 

Positive and negative elec- 
tricity, 242 

— annihilation of, 264 

Potash alum, 1023 

and pearlash, manufac- 
ture of, 637 

Potassa, 608 

its acetate, 1316 

—— ammonio-oxalate, 1183 

—— ammonio-sulphate, 633 

—— ammonio-tartrate, 1174 


antimoniate, 852 
antimonite, 851 
argento-fulminate, 966 
arseniate, 884 
benzoate, 1154 
bicarbonate, 641 
bichromate, 911 
bimargarate, 1140 
—— hbinarseniate, 884 
—— binoxalate, 1182 
biphosphate, 634 
biselenite, 635 
bisilicate, 1033 
bismuthate, 862 
bistearate, 1138 
bisulphate, 632 
—— bitartrate, 1170, 117 
borate, 645 
bromate, 619 
butyrate, 1356 
caproate, 1357 
carbazotate, 1125 
carbonate, 639 
carburet, 635 
ceruleo-sulphate, 1121 
chlorate, 613 
chromate, 910 
chromosulphate, 917 
citrate, 1190 
columbate, 927 
croconate, 608, note 
cyanate, 643 
diphosphate, 634 
ferrocyanate, 747 
—— fulminate, 966 

-—— hydriodate, 617 
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Potassa, its hydrosulphuret, 
628 
hypophosphite, 633. -- 
—— hyposulphate, 631 ’ 
hyposulphite, 630 
— withsilver, 962 
indigotate, 1127 
iodate, 617, 618 
magnesio-carbonate,715 
manganate, 723 
manganesian tartrate, 
718 
margarate, 1140 
—— molybdate, 901 
nitrate, 620 
oleate, 1141 
oxalate, 1182 
— with copper, 1185 
oxalovinate, 1297 
oxychlorate, 616 
perchlorate, 616 
—— perchloride with ura- 
nium, 868 
permanganate, 725 
phocenate, 1404 
phosphate, 634 
—— phosphite, 634 
prussiate, 747 
—— purpurate, 1377 
quadriselenite, 635 
quadroxalate, 1182 
“seleniate, 635 
selenite, 635 
sesquicarbonate, 642 
sesquisulphate, 633 
—— silicate, 1027, 1033 
soda, phosphate, 660 
sources, 609 
stearate, 1137, 1138 
succinate, 1161 
sulphate, 631 
— with alumina, 1023 
— cerium, 876 
— chromium, 917 
— cobalt, 799 
— copper, 823 
— iron, 742 
— magnesia, 711 
— manganese, 729 
— nickel, 805 
— zine, 776 
sulphite, 630 
— with copper, 821 
sulphovinate, 1292 
supersulphate, 632 
supertartrate, 1173 
tannate, 1104 
tartrate, 1172 
— with antimony, 1177 
— copper, 1177 
— iron, 1176 
— lead, 1177 
— lime, 1175 
— mercury, 1178 
— silver, 1178 
— soda, 1174 
5C 
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Potassa, its tartrovinate, 1302 

tellurate, 880 

—— titaniate, 874 

—— tungstate, 923 

— ulmate, 1099 

valerianate, 1264 

Potasse sulphas, 631 

Potassiamide, 627 

Potassii sulphuretum, 630 

Potassio-bichloride of tin, 783 

Potassio-chloride of iron, 735 

Potassio-sulphate © of chro- 
mium, 917 

Potassium, 606 

its action on ammonia, 

627 

—— alloy with sodium, 666 

argentocyanuret, 965 

arsenio-protosulphuret, 


894 

auro-perchloride, 977 
bichromated chloride, 
911 


—— biferrocyanuret, 750 

bisulphuret, 629 

——- borofluoride, 645 

bromide, 619 

chloride, 612 

cobaltocyanuret, 600 

cuprocyanuret, 625 

cyanide, 642 

cyanuret, 642 

ferrocyanuret, 747 

—— — with iron, 757 

ferrosesquicyanuret, 
753 

fluoride, 619 

— general properties, 608 

——— hydrargo-cyanuret, 949 

—— hydrargo - perchlorides, 

938 

—— hydrargo-periodide, 940 

—— hydruret, 619 

iodide, 617 

—— — with lead, 838 

ioduretted iodide, 618 

iridio-bichloride, 1007 

mercapturet, 1308 

molybdo-tersulphuret, 
905 

palladio-bichloride, 999 

palladio-cyanuret, 1000 

palladio-protochloride, 
999 

peroxide, 612 

--—— phosphuret, 633 

platino-protochloride, 
991 

-—— protoxide, 608 

salts, 645 

seleniocyanuret, 645 

silico - - fluoride, 1027, 
1031 oy mt 

spiroilide, 1251 

sulphocyanuret, 644 

sulphuret, 627 
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Potassium, i sulphuret with 
gold, 

— ubactinanide 873 

zincocyanuret, Ti 

Potasso-chloride of magne- 
sium, 708 

Potasso-fluoride of colum- 

bium, 926 

zirconium, 1013 

Potato spirit, 1264, note 

starch, 1084, ‘note 

Potter’s clay, 1035 

Pottery and porcelain manu- 
facture, 1035 

Powdered tin, 779 

Powders, adhesion of, to elec- 
trified surfaces, 325 

Powers or properties 
matter, 107 

Prase, or green quartz, 1028, 
note 

Precipitated mercury, 929 

sulphur, 459 


655 
Precipitation of metallic 
copper, 830 
Precipitatum per se, 930 
Preservation of animal 
matter, 1333 
Pressure, effects of, on boiling 
points, 174 
of the atmosphere, 437 
and elasticity of air, 
439, 440 
Primary electro-chemical de- 
compositions, 309 
Primitive angles of crystals, 
8 


forms of crystals, 121 

marble, 687 

Prince Rupert’s metal, 827 

Printer’s ink, 1131 

Prismatic colours, 198 

Products of combustion ge- 
nerally, 223 

— in oxygen, 361 

Proof spirit, 1268, and note 


Proofs, or Bologna vials, 1040 | 
Proportionals, meaning of the | 


term, 235 


| Prostate gland, calculi from | 


the, 1391 
Protacetate of iron, 1319 
mercury, 1324 
Protarseniate of iron, 888 
Protected copper sheathing, 

313 
Protiodide of carbon, 537 
copper, 816 
iron, 736 
‘mercury, 939 
molybdenum, 904 
tin, 783 


| Protoborate of iron, 757 
| Protobromide of copper, 817 


of | 


sulphuret of antimony, | 


| — gold, 973 


~-— nickel, 802 2 


Protobromide of iron, 
tin, 784 
Protocarbazotate of mereury 


Protocarbonate of cerium 1,877 
iron, 745 
Protochloride of antimon ny, 
853 
carbon, 536 
copper, 816 
gold, 974 
iron, 734 ; 
iridium, 1006 
manganese, 725 
mercury, 932 
molybdenum, 903 
Osmium, 1004 
palladium, 998 
phosphorus, 496 
tin, 781 
Protohydrate of mothylell ne 
1327 


I 


Dene 


Protonitrate of iron, 737 

mercury, 941 © 

platinum, 993 

tin, 784 

Protophosphate of cerium, 
876 : 


iron, 744 
mercury, 947 
Protosulphate of cerium, 876 
— and potassa, 876 
iron, 741 
— — and ammonia, 742 
-—— — and potassa, 742 
—— mercury, 946 — 
—— platinum, 993 
uranium, 869 
Protosulphite of iron, 740 © 
Protosulphocyanuret of iron, 
757 
Protosulphuret of arsenie,89 
cobalt, 797 
iron, 7 38 
mercury, 943° 
platinum, 993 
tin, 785. . 
Protoxide of antimony, 849 
bismuth, 861 
cadmium, 790 
—— carbon, 517 
— cerium, 874 
— chlorine, 365 
— cobalt, 795 
—— copper, 814 


—— hydrogen, 384 
indigogene, 1122 
iridium, 1005 
iron, 732 ; 
lead, 834 
— lithium, 668 
manganese, 719 
mercury, 929 
molybdenum, 899 ~ 


+ 


_ Prussiate cake, 748 


_-—— soda, 1377 


- Pyrophorus, 1024 


Protoxide of nitrogen, 407 


_ — osmium, 1003 


—— palladium, 998 
—— platinum, 9&9 
potassium, 608 
silver, 955 
—— sodium, 646 
—— strontium, 700 
tin, 779 
titanium, 871 
—— uranium, 867 
vanadium, 919 
zine, 770 
Proximate atoms and elemen- 
tary atoms of vegeta- 
bles, 1066 
—— bitter principles, 1101 
elements, 235 
Prussian blue, 754 


of potassa, 747 
Prussie acid, 568 
Prussine, 560 
Pseudo-morphia, 1205 
Pulvis antimonialis composi- 
tus, 858 
Pumice, 1029, note 
Pure alcohol, 1265 
— silver, 953 
starch, 1085 
Purification of coal gas, 559, 
note 
— nitre, 622 
Purified carbonate of potassa, 
|” 641,.nole 
Purple of Cassius, 782, 975 
quartz, or amethyst, 
1028, note 
Purpurate of ammonia, 1377 
—— haryta, 1377 
— lime, 1377 
——— magnesia, 1377 
potassa, 1377 


‘Purpurates, 1377 
Purpuric acid, 1376 
Pus, 1371 
Puteanic acid, 1199 
Putrefaction, 1333 
how accelerated and 
retarded, 1333, e¢ seq. 
Pyrites, 739 
Pyroacetic ether, 1325 
— spirit, 1325 
Pyrocitrie acid, 1192 
Pyrogallates, 1108 
Pyrogallic acid, 1108 
Pyroligneous acid, 1313 
spirit, 1326 
Pyrolusite, 721 ~ 
Pyromalic acid, 1194 
Pyromeconie acid, 1209 
Pyrometers, 150 
Pyromucates, 1073 
Pyromucie acid, 1072 
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Pyrophorus of lead, 230, 833, 
1177 

Pyrophosphate of silver, 964 

soda, 657 

Pyrotartaric acid, 1171 

Pyroxene, or augite, 1034 

Pyroxylie spirit, 1326 


QuapRANT electrometer, 263 

Quadrihydrate of indigo, 
1123 

Quadrilydrocarburet, or 
etherine, 547 

Quadriphosphate of lime, 685 

Quadriselenite of potassa, 
635 

Quadrosuiphuret of molyb- 
denum, 905 

Quadroxalate of potassa, 1182 

Quantity and intensity of 
electricity, 266 

—— — in thevoltaic battery, 
upon what dependant, 
297 


Quartz, varieties of, 1028, 
note 
| Quater-hydrated —_hyposul- 


phate of baryta, 695 
Quercitron bark, 1117 
Quicklime, 671 
Quicksilver, 928 
Quinia, 1213 
its acetate, 1216 
arseniate, 1216 
chlorate, 1216 
distinctive characters, 

1216 
disulphate, 1214 
gallate, 1216 
— hydrochlorate, 1215 
iodate, 1216 
—— nitrate, 1216 
oxalate, 1216 


|} — phosphate, 1216 


—— sulphates, 1214 
— tannate, 1216 
tartrate, 1216 


Racemic acid, 1179 

Racemovinic acid, 1803 

Radiant heat, reflection of, 
203 

matter, 202 


| —— — a source of heat, 202 
/}—__- — influence of various 


surfaces upon the re- 
ception and retention 
of, 202 
—— — phenomena 
sented by, 818 
Radiated celestine, 703 
Radiating powers of different 
substances, 211 
and consequent cooling 
powers of different 
surfaces, 212 


pre- 
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Radiation, apparent, of cold, 
205 


in nature, effects of, 219 
of heat in air, 203 
— in vacuo, 204 
Rape oil, 1133 
Rarefaction produces cold, 
164 
Rays, calorific and luminous, 
intensity of, decreases 
as’ the squares of the 
distance from the sub- 
stance whence they 
emanate, 205 
Realgar, 892 
Receiver for liquid carbonic 
acid, 524 
Receptive powers of surfaces 
_for heat, 206 
and emissive powers of 
surfaces in regard to 
heat are co-existent 
and co-equal, 210 
Rectified spirit, 1265 
Red antimony, 857 
— dyes, 1112 
— fire for theatrical displays, 
791 
— globules 
1337 
— ink, 1113 
— lead, or minium, 634 
— lotion, 936 
— matter of urine, 1388 — 
— oxide of manganese, 722 
— Peruvian bark, 1210 
— ray of light, heating effects 
of, 202 
— rose test-paper for de- 
tecting alkalis, 232, 2. 
— sandal or Saunders wood, 
1114 ; 


of the blood, 


| — silver ore, 961 


— sulphuret of arsenic, 892 

Reds, vegetable, 1112 — 

Reduction by the blowpipe 

lamp flame, 590, note 

of copper ores, 820 

—— lead ores, 840 

—— metals, 592 

—— silver ores, 954 

zine ores, 777 

Refining of nitre, 117 

sugar, 1074 

Reflection of heat, 203 

light, 193 

and refraction of light, 

188 y 

Reflective goniometer for the 
measurement of crys 
stals, 119 

Refracting media, 190 

Refraction of light, 190 

nitre, 620 


Refractive power of air, gases, 


and vapours, 192 
5 C2 
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Refractive power of bodies 
affected not only by 
their density but by 
their chemical nature, 
191 - 

powers of gases, liquids, 
and solids, 193 

Refrigeration by evaporation, 

183 

Rennet, 1353 

Repulsion, electrical, 241 

Repulsive force of heat, 108 


Resin, black and y ellow, 1158 


Resin-vas, 556 


Resinigomme de sabadilline, 


1223 
Resins, 1157, note 
Respiration of animals, 1413 
supported by oxygen, 
360. 

_ Results, general, of chemical 
attraction, 229 
Retardation of the electric 

current by water, 326 
Retarding cells, 295 
Rete mucosum, 1395 
— discolouration of the, 
960 
Retinasphaltum, 1163 
Rhabarbarin, 1239 
Rhaponticin, 1239 
Rhein, 1239 
Rheum palmatum, 1239 
raponticum, 1239 
Rhodiochlorides, 1002 
Rhodium, 1001 
its alloys, 1002 
chlorides, 1001 
— nitrate, 1002 
—— — with soda, 1002 
perchloride, 1001 
— peroxide, 1001 
red compounds, 1001 
salts, 1002 
sesquichloride, 1001 
sesquioxide, 1001. 
sulphate, 1002 
sulphuret, 1002 
Rhombic phosphate of soda, 
656 
Rhubarb, principle of, 1239 
Ricinic acid, 1131 
- RInMANN’S green, 798 
Ripe and unripe fruits, com- 
position of, 1051 
River water, 389 
Roasted coffee, 1237 
Rocella, 1115 
Rocellic acid, 1142, note 
’ Rochelle salt, 1174 
Rock erystal.or quartz, 1028, 
note 
salt is the only sub- 
stance whose powers 
of transmission are the 
same for heat from all 
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sources and intensi- 
ties, 209 

Roman alum, 1023 

vitriol, 821 

Roots, 1241, ef seq. 

useful in medicine and 

arts, 141, e¢ seq. 

Rose quartz, 1028, note 

Rosin of copper, 815 

Rotation, electro-magnetic, 
339 

Rubinic acid, 1109 

Ruby copper, 813 

oriental, 1019 

RvpErt’s drops, 1040 

Rutilite contains titanium, 
872 


SABADILLINE, 1223 

Sabulous deposits from urine, 
1389 

Saccharate of lead, 1079 

Saccharates, 1078 

Saccharie acid? 1078, 1187 

Saccharometer, 1257 

Saclactates, 1072 

Saclactic acid, 1071, 1360 

Safety during thunder storms, 
directions regarding, 
275 

Safety-lamp for miners, 227 

Safflower, 1113 

Saffron, 1118 

of antimony, 855 

—— Mars, 732 

Sal alembroth, or salt of wis- 
dom, 937 

— enixum, 632 

— mirabile, 653 

— prunella, 623 

Salicin, 1231 

Salicule, 1232 

hydruret of, 1232 

Saliculites, 1232 

Saliculous acid, 1232 

Salifying substances, 349 

Saline solutions, crystals 
from, 11], 112 

Saliretine, 1231 

Salt of hartshorn, 1332 

Saturn, 1321 

tartar, 636 

— tin, 782 

Venus, 822 

wood sorrel, 1182 

Salt-petre or nitre, sources, 
purification, and uses 
of, 620, 622 

Salts, anhydrous, 112 

deliquescent, 112 

—— different, separated by 

crystallization, 114 
efflorescent, 111 
inseparable by crystal- 
lization, 128 
——— isomorphous, 128 


Salts, metallic, 586 
permanent, 112 
Sandever or glass gall, 104 ) 
Sand tubes, electrical origin 
Sanguinaria, 1230 
Sanguinaria canadensis, 123¢ 
Sap of plants, 1047, note 
Saponic acids, 1137 . 
Saponification, 1135 
elaborate examinatio 1 
of, 1142, note 
Sapphire, 1019 
Satin gypsum, 682 
Saunders’ or red sandal wood, 
1114 
Saxon, or liquid blue, 1120 
Scarlet dyes, 1116 
ScHEELE’S green, 883, 897, 
Scheelium, or Wolframium, 
921 
Sealing wax, 1159 
— electrical excitation 
of, 241 q 
Sea-salt, 647 ‘a 
Sea-water, 107 
constituents before and 
after evaporation, 707 
copper sheathing cor- 
roded by, 312 
Separation of commoi 
salt from, 117 
uncry stallizable residue 
of, LTT 
Sebacic acid, 1401, note 
Sebates, 1401, note + 
Sebic acid, 1401, note -\ =m 
Secondary. oc action, 4 
314 
forms of crystals, 122 
limestone, 687 
Seconds’ pendulum, longth of of 
the, 135, note 
Secret sal-ammoniac, 413 a 
Sedative salt, 580 " 
Seed lac, 1116 
Seeds, germination of, 1043 
Sel de Seignetie, 1174" 4 
Seleniate of baryta, 698 
potassa, 635 , 
soda, 656 ae 
Selenic acid, 504 
Seleniocyanuret of potassi m, 
645 
Selenious acid, 504 
oxide, 503 — ; 
Selenite of baryta, 698 
cobalt, 799 
copper, 824 
lead, 843 
lime, 685 
nickel, 806 
potassa, 635 _ 
silver, 964 
soda, 656 
strontia, 704 


Selenite, gypsum, alabaster, 
681 


Selenium, 502 
—— its action upon metals, 
601 

earburet, 575 

chloride, 505 

-—— cyanuret, 573 

—— oxide, 503 

phosphuret, 507 

sulphuret, 507 

Seleniuret of aluminum, 1025 

antimony, 858 

arsenic, 897 

bismuth, 865 

calcium, 685 

—— carbon, 575 

—— cobalt, 799 

—— copper, 824 

— ethule, 1308 

— glucinum, 1011 

lead, 843 

mercury, 947 

nickel, 806 

platinum, 994 

palladium, 999 

silver, 964 

yttrium, 1015 

Seleniurets, 601 

Seleniuretted hydrogen, 506 

Senna, principle of, 1238 

Sensible heat, 167 

Separation of lime and mag- 
nesia, 716 

_ salts by crystallization, 
114 

Serous portion of the blood, 

1337, 1338 


- Serum of the chyle, 1412 


Sesquibasie acetate of lead, 
1322 

phosphate of lead, 842 

Sesquibromide of antimony, 

854 

Sesquicarbonate of ammonia, 
533 

potassa, 642 

soda, 664 


 Sesquichloride of antimony, 


853 

carbon, 535 

— chromium, 915 

— iridium, 1006 

— iron, 735 

rhodium, 1001 

Sesquicyanuret-of iron, 746 

Sesquifluoride of antimony, 
854 

Sesquihydroguret of phospho- 
rus, 500 


 Sesquiodide of antimony, 854 


carbon, 537 

-—— mercury, 939 

Sesquioxide of aluminum, 
1018 

—— antimony, 849 


pod 
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Sesquioxide of cerium, 875 

chromium, 907 

cobalt, 795 

iridium, 1006 

iron, 732 

lead, 835 

manganese, 720 

nickel, 803 

osmium, 1003 

platinum, 989 

rhodium, 1001 

sodium, 646 

tin, 780 

uranium, 867 

Sesquiphosphate of baryta, 
697 


lead, 842 

lime, 683 

Sesquisulphate of potassa,633 

soda, 655 

Sesquisulphuret of antimony, 

854 

arsenic, 892 

cobalt, 797 

iron, 739 

tin, 785 

Sexbasic nitrate of lead, 839 

Shell and bone, 1407 

lac, 1116 

Ships, lightning conductors 

for, 2795 

Shooting-stars, supposed elec- 
tric origin of, 282 

Silica, 1626 

its hydrate, 1029 

varieties, 1028, note 

Silicated fluoric acid, 1030 

Silicate of alumina, 1034 

baryta, 1033 

copper, 1034 

iron, 1034 

lead, 1034 

—— lime andmagnesia, 1034 

magnesia, 1033 

manganese, 1034 

potassa, 1027, 1033 

seda, 1033 

zine, 1034 

zirconia, 1011 

Silicates, 1032 

Silicie acid, 1028 

Silicious minerals, 1028, note 

Silicium, 1026 

its alloys, 1032 

bromide, 1030 

carburet, 1032 

chloride, 1629 

—— fluoride, 1030 

oxide, 1628 

sulphuret, 1032 


1461 


| Silver, 953 


its absorption of oxygen, 
954 
acetate, 1324 
alloxanate, 1379 
alloys, 968 
amalgams, 969 
ammonio-hyposulphate, 
962 
ammonio-nitrate, 961. 
ammoniuret, 955 
antimoniate, $67 
arseniate, 967 
arsenite, 897, 967 
assay, 970 
benzoate, 1155 
bifuiminate, 966 
borate, 964 
bromide, 958 
carbazotate, 1126 
carbonate, 944 
chlorate, 987 
chloride, 956 
chromate, 967 
cinchonate, 1219 
citrate, 1192 
cobalto-cyanuret, 967 
coinage, $68 
columbate, $67 
compounds discoloured 
by light, 956, 959 
cupellation, 970 
cyanate, $65 
cyanurate, 967 
cyanuret, 964 
ferrocyanuret, 965 
fluoride, 958 
—— fulminate, 965 
fulminating compounds, 
955, 965 
humid assay, 970, note 
—— hypophosphite, 963 
—— hyposulphate, 962 
—— hyposulphite, 962 _ 
—— — with potassa, 962 
indigotate, 1128 
iodate, 958 
iodide, 958 * 
malate, 1194 
meconate, 1209 
metallic precipitation, 
959, 971 
molybdate, 967 
—— nitrate, 959 
—— nitrite, 958 
oxalate, 1187 
oxalurate, 1381 
oxides, 955 
peroxide, 955 
—— phosphate, 963 
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Silicofluate of ammonia, 1031 | —— phosphite, 963 _ 
Silicofluoride of barium, 1032 | —— phosphuret, 963 


potassium, 1027, 1031 
sodium, 1631 
Silicofluorides, 1031, ec/'seg. | 
Silvates, 1159 


—— platinochloride, 993 
potassa-tartrate, 1178 
protoxide, 955 

—— pyrophosphate, $64 
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Silver, its reduction, 954 — | Soda, its gor ta’ Soda, its sulphate with alam m 
— from chloride, 956 655 na, 1026 , 
— saliculate, 1233 arseniate, 885 sulphite, 652 a 
— salts, 971 arsenio-protosulphuret, | ——— sulphovinate, 1292 _ 
—— — decomposed by light, 894 | tannate, 1104 
200 benzoate, 1154 tartrate, 1174 
— selenite, 964 bicarbonate, 663 —— — with potassa, 1174 | 
seleniuret, 964 . bichromate, 912 tartrovinate, 1302 — 
separation from gold, binarseniate, 885 tungstate, 923 
981 biphosphate, 657 Soda-alum, 1025 
— solution in —nitro-sul- - bipyrophosphate, 658 Soda-waste, 661 
phuric acid, 962 bisulphate, 655 Soda tariarizata, 1174 
—— suboxide, 955 bisulphite, 652 Sodaic powders _ illustrate 
— succinate, 1162 —— bitartrate, 1174 chemical action en- 
—— sulphate, 962 borate, 665 suing upon solution 
— sulphite, 962 borofluoride, 666 229 P 
—— sulphocyanuret, 965 butyrate, 1356 Sodalite, 1035 
— sulphuret, 961 carbazotate, 1125 Sodiamide, 652 
tarnish, 953, 961 carbonate, 661 Sodium, 646 
tartrate, 1178 chlorate, 649 its alloy with potassiun 
—— — with antimony, 1178 chloride, 649 666 


tartrovinate, 1303 
tellurate, 967 
tungstate, 967 
Silver-glance, 962 


chlorite, 649 
chromate, 912 
citrate, 1190 
columbate, 928 
white, 846 cyanuret, 665 ferrocyanuret, 752 
Silvering looking-glasses, pro- formiate, 1298 fluoride, 651 

cess of, 950 —— hypochlorite, 649 —— hy drargo-perchla a 
Silvie acid, 1158 —— hypophosphite, 656 ~ 938 
Similor, 827 hyposulphate, 653 iodide, 650 
Simple attraction or affinity, hyposulphite, 652 iridio-bichloride, 1007 


auro-perchloride, 977 z 
bisulphuret, 652 
bromide, 650 
chloride, 647 
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233 indigotate, 1127 —— phosphuret, 656. 
bodiesare probably ions, iodate, 650 platino-bichloride, 992 
310 magnesian-sulphate,712 platino-protochlor ide, 


galvanie circle’ de- 
seribed, 288 
non-metallicsubstances, 
concluding remarks 
regarding, 584 


magnesio-carbonate, 716 991 
margarate, 1140 protoxide, 646 
metaphosphate, 658 
molybdate, 902 
nitrate, 651 


sesquioxide, 646 
silico-fluoride, 1031 | 
triarsenio- -persulphur 


aie 


—— substances  alphabeti- — with rhodium, 1002 897, note 
cally enumerated, 348 octoédral borate, 666 | Soft soap, 1136 
—— — have all the same oleate, 1142 Solania, 1225 
capacities for heat, 162 oxalate, 1183 Solanum nigrum and solanum ym 
Skin of animals, 1396 — with copper, 1186 dulcamara, 1225 
of the negro, 1394 peroxide, 646 Solar phosphori, 2168 
Slaked lime, 672 —— phocenate, 1404 radiant heat, reception 


Slickensides, a variety of ga- | —— phosphate (rhombic), of, affected ‘by the. 
6 


lena, 840 65 lour of surfaces, 20 
Sliding-rule of chemical equi- phosphate, with lithia, |——— rays, chemical effects 
valents, 237 670 of, 199 ss 
Slimes of starch-waters, 1084 | —— — with potassa, 660 —— — heating powers of, 
Slow combustion of bodies | —— phosphates, 659 202 
attended with pecu- | —— phosphite, 656 Solid carbonic acid, 526 
liar. results, 225 purpurate, 1377 — and ether, mercury 
— phosphorus, 486 —— pyrophosphate, 657 frozen by, 528 
Smalt, 793, note, 800 seleniate, 656 — chloride of cyanoge 
Sme Jting-furnace, 799 —— selenite, 656 —— extract in a wine 
Smilacin, 1240, note —— sesquicarbonate, 664 of urine, 1388, no 
Snow — eryatailine forms | —— sesqu su phate, 655 —— matter diffused through 
, 114 —— silicate, 1033 flame and ignite 
Soap, Peder solution, 1136 | —— stearate, 1138 it, causes jumino 
lye, 610 — subphosphate, 657 224 
Soaps, varieties of, 1135 — succinate, 1161 Solidification of carbonic 
Soda, 646 —— sulphate, 653 gas, 522 
~ its acetate, 1317 —— — instantaneous ery- | Solids, conduction of hea 
Beamonio-phosphate,658 stallization of, 115 154 ; 


a 


Pi ae, 


=| velocity of, 


bs 


oe 


Solids, expansion by heat,131, 
132 


progressive dilatation of, 
by heat, 134 
— specific gravity of, how 
taken, 146 
Solids and liquids, electrical 
conducting power of, 
245 
— — mutual attraction 
between, 108 
Soluble mercury, 942 
salts decompose insolu- 
ble compounds, 233 
tartar, 1172 
Soluticn, 110 
cold produced by, 168 
promotes chemical ac- 
tion, 229 
Sonorousness of metals, 588 
Sound produced by burning 
hydrogen, 382 
compared 
with that of light, 189, 
277 
Source of voltaic electricity, 
and theory of the pile, 
319 
Spathose iron ore, 745 
Specific gravity, determina- 
tion of, 145 


—— — affected by tempera- 


ture, 139, 145 


— —and atomic weights’ 


{ 


of metals, relation be- 

tween, 594 

—— — balance for, 145 

—— — bottle for, 146 

——— definition of 
term, 145 

—— — of air, 440 

— — alloys, 604 

—— — gases, 44] 

— metals, 587 


the 


Specific heat, 161 


=- of air and gaseous 
bodies, 163 


—— — ironat different tem- 


peratures, 162 
— — metals, 162 
—— — water and oil com- 
pared, 161 
Specific inductive power, 266 
Spectrum, black lines in the, 
193 ,- > 
coloured rays of the, 198 
decomposing, or. che- 
mical effects of, 200 
heating powers of, 202 
iliumin: iting power of 
the, 198 


_ —— invisible rays of, 201 


lenzth of the, depends 
upon the nature of the 
prism, or refracting 
medium, 198 
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Specular iron ore, 734 
Speculum metal, 828 
Speiss, 801 
Spermaceti crystallized, 113 
oil, 1402 
Sphene, 1035 
Sphere, metallic, with move- 
able coatings, presents 
curious phenomena 
when electrized, 258 
Spherical atoms, theory of, 
125 
Spirit, duty on, 1258, note 
of ether, 1282 
Mindererus, 1316 
Spirituous liquors, strength 
of, 1268, note 
Spiroile, 1251 
Spiroyle, 1232 
its hydruret, 1232 
Splint coal, 1164 
Spodumene, 667, 1035 
Spontaneous discharge of ac- 
cumulated electricity, 
263 
evaporation, 181 
—— — of solutions for pro- 
duction of crystals, 113 
Spring water, 389 
Spurious Angustura bark, 
1219 
Staffordshire ware, 1035 
Stalactites and stalagmites, 
686 
Standard gold, 979 
— of Britain & France, 
979 
silver, 968 
spirit, 1268, note 
Stannic oxide, 780 
Stannous oxide, 779 
Staphisain, 1230 
Starch, 1083 . 
its action on iodine, 372 
change into sugar, 1085 
sulphate, 1088 
tannate, 1088 
torrefied state, 1088 
—— ultimate analysis, 1088 
uses, 1090 
varieties, 1083 
States of bodies and their 
electrical conducting 
powers, no constant 
relation between, 245 
Stavesacre, 1230 
Steam, bulk of, formed by a 
given bulk of water, 
172 
decomposition of, 
iron, 233 
expansive force and easy 
condensation of, il- 
lustrated by tlie action 
of the steam engine, 
186 


by 
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Steam, heating buildings by, 
180 
——— high-pressure, 
iulustrated, 177 
latent heat of, 179 
loss of sensible heat 
during formation of, 
178 
non-conducting power 
of, as to heat, 158. - 
production of, 173 
—— — facilitated, 173 
properties of, 173 
quantity and elasticity 
of, 177 
specific gravity of, 391 
temperature of, under 
pressure, 177 
Steam-engine, theory of its 
action, 186 
Stearate of ammonia, 1138 
baryta, 1139 
lead, 1139 
—— lime, 1138 
potassa, 1137 
soda, 1138 
Stearic acid, 1137 
Stearine, 1128, 1139 
Stearone, 1139 
Steatite, 1033 
Steel, hardening and temper- 
ing of, 766, note 
—— and iron, manufacture 
of, 758 
—— surfaces used for metal- 
lochromy, 836 
—— varieties of, 764. 
— welding of, with pla- 
tinum, 995 
Stereo-electric current, 330 
Stibium, or sulphuret of an= 
timony, 849 
Stick lac, 1116 
sulphur, 459 
Stilbite, 1035 
Stone-blue, 1091 
Stream tin, 779 
Strontia, 700 
its acetate, 1318 
arseniate, 887 
baryto-sulphate, 703 
benzoate, 1154 
borate, 704 
bromate, 701 
—— butyrate, 1356 
carbonate, 704 
chlorate, 701 
chromate, 912 
citrate, 1191 
— hydrate, 700 
—— hydriodate, 701 
— hypophosphite, 793 
— hyposuiphate, 702 
—— hyposulphite, 702 
iodate, 701 
—— molybdate, 902 


effects 


1464 


Strontia, its nitrate, 701 
oxalate, 1184 
— phocenate, 1404 
phosphate, 703 
—— phosphite, 703 
selenite, 704 
succinate, 1161 
sulphate, 702 
—— sulphite, 702 
tannate, 1105 
tartrate, 1175 
Strontianite, 704 
Strontites, or strontia, 700 
Strontium, 700 

its bromide, 701 
chloride, 701 
cyanuret, 704 
ferrocyanuret, 752 
fluoride, 701 
iodide, 701 
peroxide, 700 
phosphuret, 703 
protoxide, 700 
sulphocyanuret, 704 
sulphuret, 702 


Structure of crystallized bo- 


dies, 117 
Strychnate of lead, 1222 
magnesia, 1222 
Strychnates, 1222 
Strychnia, 1219 
its sulphate, 1221 
Strychnic acid, 1219, 1222 
Subacetate of copper, 1320 
Subarseniate of lead, 888 - 
zine, 888 
Subcarburets of iron, 

765, note 
Subchromate of Jead, 914 
Suberates, 1197 
Suberic acid, 1196 
Subfluoborate of 

583 
Subiodide of copper, 816 
Sublimation, 114 
of benzoic acid, 114 
calomel and 

sublimate, 114 
camphor, 114 
iodine, 114 
naphthalin, 114 
Sublimed sulphur, 459 
Submuriate of copper, 815 
Subnitrate of bismuth, 863 
copper, 818 
uranium, 869 
Suboxide of mercury, 929 
platinum, 988 
silver, 955 


Subpernitrate of mercury,942 


Subperoxide of cerium, 875 


Subpersulphate of i iron, 742 


Subphosphate of lime, 683 
soda, 657 


Subprotonitrate of mercury, 


41 


763, 


ammonia, 


corrosive 
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Subsesquiacetate of copper, 


1321 


Subsesquiarseniate of baryta, 
88 


Subsulphate of ammonia and 


copper, 823 
glucina, 1011 


Subsulphuret of arsenic, 892 


nickel, 805 


Subtrisulphate of alumina, 


1022 


Succinamide, 1162 
Succinate of ammonia, 1161 


baryta, 1161 
copper, 1161 
iron, 1161 

lead, 1161 
lime, 1161 
magnesia, 1161 
manganese, 1161 
mercury, 1162 
potassa, 1161 
silver, 1162 
soda, 1161 
strontia, 1161 
tin, 1161 

zine, 1161 


Succinates, 1161, e¢ seq. 
Succinic acid, 1159 


ether, 1300 


Succinone, 1162 
Sugar, 1073 


conversion of, into alco- 
hol, 1274, note 

production . of, 
starch, 1085 

refining of, 1074 

ultimate constituents of, 
1079 © 

varieties of, 1080, note 


from 


Sugar-candy, 115, 1075, 1080, 


note 


Sugar-loaves, 1076 
Sugar of lead, 1321 


milk, 1359 


Sulfamide, 474 
Sulfimide, 463 
Sulpharsenic acid, 893 
Sulpharsenious acid, 692 
Sulphate of alumina, 1022 


Wii 


alumina and ammonia, 
1024 

— and iron, 1025 

— and potassa, 1023 

— and soda, 1025 

ammonia, 473 

— and copper, 823 

— and manganese, 729 

— and nickel, 805 

antimony, 857 

baryta, 695 

decomposition of, 696 

— decomposition of, by 
voltaic electricity, 307 

bismuth, 864 

brucia, 1222 


Sulphate of cadotaa 79 . 
chromium, 917 i 
cinchonia, 1211 
—— cobalt, 798 . 
a potassa, 799 | 


copper, 821 B, 
— an athermanous bos 
dy, 210 
—— — use of, in the con- 
stant battery, 296 
—— — and potassa, 823 ~ 
——— fibrin, 1344.) ae 
—— glucina, 1010 
—— glyeyrhizin, 1083 
hydrocarbon, 1287 
—— iridium, 1008 q 


——— lime, 112; 681 
—— lithia, 669 
magnesia, 716 
manganese, 728 
methylene, 1328 
morphia, 1202 
nickel, 805 
— and i iron, 806 
— and zine, 806 
palladium, 998 
platinum, 989, 993, 
potassa, 631 
— and ‘chromium, 9) 
— and copper, 823 
— and magnesia, 711 
— and manganese, 729 
— and nickel, 805 
quinia, 1214 
rhodium, 1002 
silver, 962 
soda, 653 q 
— carbonate obtained 
from, 660 
— decomposition of, k 
voltaic electricity, 
— instantaneous 
Stallization of, 115 
— and magnesia, 712, 
starch, 1088 
strontia, 703 
strychnia, 1221 
— tin, 786 
uranium, 869 
yttria, 1015 
zine, 779 
— and potassa, 776 
zirconia, 1012, 1013 
Sulphates, 466, 599 — 
Sulphatic ether, 1287, 12990, 
note 
Sulphite of alumina, 1022 — 
ammonia, 462 
antimony, 857 
baryta, 694 
bismuth, 864 
caseum, 1358 
chromium, 916 
cobalt,©798 


ie 
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-Sulphocyanurets and sulpho- 


Sulphite of copper, 821 

lead, 840 

—— lime, 680 

—— magnesia, 709 

manganese, 728 

mercury, 945 

potassa, 630 

—— — and copper, 821 

silver, 962 

soda, 652 

strontia, 702 

—— tin, 786 

zine, 774 

Sulphites, 599 

Sulphoadipic acid, 1129 

Sulphocetic acid, 1403 

Sulphocyanates, 603 

Sulphocyanhydric acid, 572 

Sulphocyanic acid, 572 

ether, 1307 

Sulphocyanogen, 572 

products of its decom- 
position, 575 

Sulphocyanuret of aluminum, 

1026 


—— ee 


ammonium, 573 
barium, 699 
calcium, 688 
cobalt, 800 
copper, 825 
gold, 978 

lead, 847 
manganese, 729 
mercury, 949 
platinum, 995 
potassium, 644 
silver, 965 
strontium, 704 


—— 
— 
—— 
—— 


| 


cyanates of metals, 
603 
Sulphomethylic acid, 1328 
Sulphonaphthalic acid, 553 
Sulphonaphthalin, 553 
Sulphosaccharic acid, 1082, 
note 
Sulphosinapates, 1133 
Sulphosinapic acid, remarka- 
ble composition of, 
1133, note 
Sulphovinates, 1289, 1291 
Sulphovinie acid, 1285, 1290 
Sulphur, 457 
-—— its action on metals, 598 
-—— bicarburet, 573 
bromide, 477 
chloride, 476 
combustion in oxygen, 
360 
crystals, 113 
cyanuret, 572 
—— fluoride, 477 
: general characters, 458 
iodide, 477 . 
natural sources, 457 
phesphuret, 501 
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Sulphur, its varieties, 457 

Sulphur acids, 598, 879 

bases, 598 

salts, 598, 600, 629, 

894, 905 | 

Sulphur vivum, 458 

Sulphuret of aluminum, 1021 

ammonium, 480 

antimony, 854 

arsenic, 892 

—— — and iron, 897 

barium, 694 

benzule, 1150 

—— bismuth, 864 

boron, 583 

cadmium, 791 

calcium, 679 

cerium, 876 

chromium, 916 

cobalt, 797 

columbium, 928 

copper, 229, 819 

ethule, 1307 

glucinum, 1010 

gold, 977 

—— — and potassium, 978 

iridium, 1008 

iron, 738 

lead, 839 

— lithium, 669 

magnesium, 709 

manganese, 727 

mercury, 943 

molybdenum, 904 

nickel, 804 

osmium, 1004 

palladium, 999 

phosphorus, 501 

platinum, 993 

—-— potassium, 627 

rhodium, 1002 

selenium, 507 

silicilum, 1032. 

- silver, 961 

— strontium, 702 

tin, 785 

tungsten, 925 

uranium, 869 

vanadium, 920 

—— yttrium, 1015 

zine, 774 

zirconium, 1013 

Sulphurets of metals, 598 

Sulphuretted hydrogen, 477 

— acts on metals, 600 

—— — a test of metals, 479 

spirit (Beguin’s), 480 

sulphite of zine, 774 

sulphites, 474 

Sulphuric acid, 463 

— — action of, on alcohol, 
1284, 1285, note 

—— — action of, on indigo, 
1121 

—— — action of, on zine, 
772 


—— 
—_——— 
—_—— 
—— 
—_—_—— 


——- 


_ 
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Sulphuric acid, affinity of, for 
bases, 233 
—— — anhydrous, 469 
—— — combines with me- 
tallic oxides, 599 
characters 
of, 465 
— — manufactured on the 
large scale, 463 
—— — table of the value of, 
467 
—— — theory of its produc- 
tion, 471 
Sulphuric ether, 1274 
Sulphurous acid, 460 
— combines with me- 
tallic oxides, 599 
Sulphydric acid, 477 
Sun, velocity of light emitted 
by the, 189 
Sun and stars, observance of 
their true places in- 
terfered with by at- 
mospherical __refrac- 
tion, 191 
Sun-light, intensity of, 207, 2. 
Supercarbonate of lime, 686 
Superficial fracture of cry- 
-stals promotes their 
efflorescence, 111, note 
Superolefiant gas, 550 
Superphosphate of lime, 685 
Supersulphate of mercury, 
946 
potassa, 632 
Supersulphuretted hydrogen, 
481 


Supertartrate of potassa,1173 

Surface, electricity solely 
resident upon, 258 

Surfaces, different, influence 
of, upon reception’and 
retention of heat, 206 

Symbols, 351 

—- by which simple sub- 
stances are enume- 
rated, 348 

——-— of metals, 585 

Synaptase,.1156, note 

Synovia, 1371 

Syrup of sugar, 1076 

— decolourization of, by 

animal charcoal, 512 
Sweat, analysis of, 1415, note 
Sweet principle of fat, 1136 


TaB_E of alcohol in wines, 
261 

copper coinage, 832 

distinctive characters 
of cinchonia and 
quinia, 1217 

gold coinage,!980 

metallic precipitates by 
a strong,infusion of 
galls, 1106 
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Table, showing the composi- 
tion of phosphates of 
soda, 659 

of silver coinage, 968 

Table-spar, or Wollastonite, 

1033 

Tannate of antimony, 1105 

baryta, 1105 

iron, 1105 

lead, 1105 

—— lime, 1105 

potassa, 1104 

quinia, 1216 

—- soda, 1104 

starch, 1088 

strontia, 1105 

Tannates, 1103, 1105 

Tannic acid, 1101, 1103 

Tannin, 1101, 1103 

- proportion in different 
vegetables, 1101 

‘Tannous acid, 1104, note 

Tantalite and yttro-tanta- 

lite, 925 

Tantalum, 926 

Tar, 1165 

animal, coal, and vege- 
table, 1165 

remarkable products of, 

- 1165 

Tarnish of silver, 953, 961 

Tartar of the teeth, 1368 

Tartar of wines, 1262 

Tartaric acid, 1170 

ether, 1300 

Tartarus boraxatus, 1173 

Tartrate of alumina, 1179 

ammonia, 1172 

antimony, 1177 


_—— — and potassa, 1177 


baryta, 1175 
bismuth, 1178 
cerium, 1178 

cobalt, 1178 

copper, 1177 

— iron, 1176 

—— — and potassa, 1176 
— lead, 833, 1177 


— lime, 1175 


lithia, 1174 

—— magnesia, 1175 
manganese, 1175 
mercury, 1178 

nickel, 1178 

—— potassa, 1172 

and ammonia, 1174 
—— — and copper, 1177 
—— —and ead, 1177 

— and lime, 1175 
—— — and manganese, 718 
—anidmercury, 1178 
—— — and soda, 1174 
quinia, 1216 

—— silver, 1178 

ss and antimony, 1178 
—— — and potassa, 1178 
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Tartrate of soda, 1174 

strontia, 1175 

tin, 1176 

titanium, 1178 

uranium, 1178 

zine, 1176 

Tartrates, 1172, et seq. 

Tartromethylic acid, 1330 

Tartrovinates, 1302 

Tartrovinie acid, 1301 

Taste and odour of metals, 
589 

Tasteless purging salt, 656 

Tawed leather, 1397 

Tea, principle of, 1240 

Tellurate of silver, 967 

Tellurates, 879 

Telluretted hydrogen gas, 
879 


Telluric acid, 879 
Tellurium, 878 
its bichloride, 879 
— chloride, 879 
—— iodide, 879 
—— oxides, 878 
peroxide, 879 
salts, 879 
Tellurous acid, 878 
Temperature affects forma- 
tion of crystals, 129 
—— influence of, on elec- 
trical conducting 
power, 246 
—— — on magnetism, 334 
—— — on putrefaction, 1333 
of flame, 223 
of steam, 177 
—— range of, within which 
certain. points have 
been accurately deter- 
mined, 154 
—— very high, required for 
the existence of flame, 
226 
Temperatures may agree, but 
actual quantity of heat 
differ, 161 
Tempering and _ hardening 
steel, 766, note 
Tenacity of metals, 588 
Tendons, membranes, 
ligaments, 1399 
Tennantite, 819 
Tension, electricity of, belong- 
ing to the voltaic pile, 
297 
of vapours, 182 
Terchloride otf chromium, 
915 
columbium, 928 
nitrogen, 424 
Terfluoride of chromium, 
916 
Terbydrocarbon, 559 
Terhydruret ot nitrogen, 427 
Teriouide of nitrogen, 426 


and 


Terrestrial radiation, and the 


. Thorina, 1016 


Teroxide of osmium, 1004 
Terra foliata mineralis, 131° 
Terra foliata tartari, 1317 


influence of various 
surfaces upon the re- 
ception and emission 
of radiant matter, 202° 

Tersulphuret of columbium, 

928 

molybdenum, 904 

Test papers, 640, 232, note 

Tests for arsenic, 896 

hydrocyanie acid, 571 

Tetrasubpersulpbate of i iron, 
742 

Tetrasulphate of copper, 822 

Tetrasulphuret of iron, 740 

Texture of a surface influ- 
ences the reception 
and retention of heat, — 
207 

—— of bodies affects their 
power of conducting — 
heat, 156 

Textures of solids illustrate 
attraction of aggrega- 
tion, 107 

Thebaia, 1205 

Thein, 1240 

THEN ARD’S blue, 799 

Theories of crystallization, 
11 
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Theory of chemical combi- 
nation and decompo- — 
Sition, 232 

decrements of cnystals, 
122 

polyhedral atoms, 124 

spherical atoms, 126 

the composition of the 
complex ‘products of 
the decomposition 0: of 
sulphocyanogen, 579 

the production of sul-— 
phuric acid, 471 

voltaic pile, 319 

Thermo-electric phenomena, 

converse of, 331, note 

— — pile, 331 

— series, 330 

Thermo-clectricity, 329 

Thermometers, history and . 
construction of, 147° ¥ 

various forms oe 450 8 

Thermoscope, delicate,. 331 

Thiolic ether, 1307 

Thionurate of ammonia, 138] 

lead, 1382 

Thionuric acid, 1381 


Thorinum, 1016 

its compounds, 1016 _ 

Thousand-grain bottle, fcr 
taking specific gravi= 
ties of liquids, 146 


> ih 
rape! 
ia. > 


Thunder bolt, an appearance 
of lightning thus de- 
signated, 277 
bolts, 739 
report of, modified ac- 
cording to a variety 
of circumstances, 277 
—— storms, best means of 
personal safety dur- 
ing, 275 

— — electrical phenome- 
na of, 271, 275 

Tile ore, 813 

Tin, 778 

— its acetate, 1319 

— alloys, 787 

— amalgam, 950 

— ammonio-bichloride, 
783 

— ammonio - protochloride, 
782 

— arseniate, 888 

— arsenuret, 896 

— benzoate, 1154 

— hbisulphuret, 785 

— borate, 787 

— bromate, 784 

— carbonate, 787 

— chloride, 781 

— chromate, 913 

— citrate, 1191 

— deutoxide, 780 

_ — ferrocyanuret, 787 
+— fluoride, 784 
— hyposulphite, 786 
— iodate, 784 
— iodide, 783 
— molybdate, 902 
— nitrate, 784 
— nitromuriate, 783 
— ores, 779 
— oxalate, 1185 
— oxichloride, 782 
— oxides, 780 
— oxymuriate, 785 
— perbromide, 784 
— perchloride, 782 
— periodide, 784 
— pernitrate, 785 
— peroxide, 780 
— phosphate, 787 
-— phosphite, 787 
— phosphuret, 787 
— patassio-bichloride, 783 
— protiodide, 783 
— protobromide, 784 
— protochloride, 781 
— protonitrate, 784 
— protosulphuret, 785 
— protoxide, 779 
— saits, 789 
— sesquioxide, 780 
— sesquisulphuret,. 785 
— succinate, 1161 
— suiphates, 786 
— suiphite, 786 
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Tin, its sulphuret, 785 
— tartrate, 1176 


Tin bars, dissection of, by mer- 


cury, 113 
— filings, 779 
— foil, uses of, in electrical 
arrangements, 260,262 
— medals, how bronzed, 788 
— plate, 787 
— — crystallization of, 113 
Tineal, Pounxa, or Chryso- 
“colla, are varieties of 
borax, 665 
Tinctura ferri sesquichloridi, 
735 
Tincture of turnsole, 1115 
Tinned copper, 830 
Tinning, operation of, 788 
Titaniate of potassa, 874 
Titanic acid, 872 
Titaniferous oxide of iron, 
872 
Titanite, 871 
Titanium, 670 
its bichloride, 873 
— hifluoride, 873 
bisulphuret, 873 
chloride, 873 
oxalate, 1187 
oxides, 871 
peroxide, 872 
—— phosphate, 873 
—— phosphuret, 873 
protoxide, 871 
salts, 874 
—— tartrate, 1178 
Titanofluoride of potassium, 
873 
Tobacco, principle obtained 
from, 1226 
Tombae, 827 
Topaz, 1035 
Oriental, 1019 
Torrefied starch, 1088 
Torricellian vacuum, 437 
Tourmaline, uses of, in expe- 
riments upon the po- 
larization of light, 195 
Train oil, 1401 
Transfer of acid and alkaline 
matter from a neutral 
salt during electroly- 
sis, 306 
Transparency, relative, of 
substances, 207, note 
and opacity, perfect, do 
not exist, 190 
Transparent soap, 1136 
substances, different 
portions of heat trans- 
mitted by, 209 
Tree struck by lightning, 276 
Triarsenio-persulphuret — of 
sodium, 697, note 
Tribasicphosphate of water, 
492 
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Triple crystals, 115 

Trisacetate of copper, 1321_ 

lead, 1323 

Trisnitrate of bismuth, 864_ 

copper, 818 

lead, 839 

Trisulphate of copper, 822 

zine, 775 

Trona, or native carbonate 

of soda, 664 

Tubes, rise of fluids in, 108 

Tungstate of ammonia, 923. 

baryta, lime, and stron- 
tia, 923 

iron and manganese, 
924 

magnesia, 924 

manganese, 924 

and iron, 924 

potassa, 923 

silver, 967 

soda, 923 

Tungstates, characters of, 

923 

Tungsten, 921 

its bisulphuret, 925 

-— chloride, 924 

compounds, 925 . 

deutoxide, 921 

oxichloride, 924 

oxide, 921 

perchloride, 924 

—— phosphuret, 925 

sulphurets, 925 

tersulphuret, 925 

Tungstic acid, 922 

Turf and peat, 1164 

Turmeric, 1118 

TuRNEULL’s blue, 756, note. 

Turner's yellow, 837 

Turpentine, oil of, 1144 

kindles in chlorine, 365 

Turpeth mineral, 946 

Tutenag, 810 

Type metal, 859 


— 


ULMarte of potassa, 1099 

Ulmie acid, 1099 

Ulmin, 1098 

Ultimate elements of com- 
pound atoms, 235 

-—— principles of vegetables, 


Umbers, 1100 

Unguentum hydrargyri, 929 

Uramil, 1882 

Uramilie acid, 1382 

Uranie acid, 867 

Uranite, or uranitic mica, 
866 

Uranite of Autun, 86) 

Uranitice ochre, 868 

Uranium, 866 

its acetate, 1824 

ammonio-nitrate, 869 

arseniate, 889 - 


“ 
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Uranium, its benzoate, 1155 
bromide, 868 
chloride, 868 
chromate, 915 
citrate, 1192 
cyanuret, 869 
ferriferous oxide, 866 
— ferrocyanuret, 869 
molybdate, 903 

—— nitrate, 868 

oxalate, 1186 

oxides, 867 
percarbonate, 869 
peroxide, 867 
perphosphate, 869 
persulphate, 869 
—— phosphuret, 869 


potassa - persulphate, 

869 
protosulphate, 869 
protoxide, 867 
salts, 870 
sesquioxide, 867 
subnitrate, 869 
sulphates, 869 
sulphurets, 869 
tartrate, 1178 
Urea, 1387 


- 


Urethan, 1298 
Uric acid, its compounds, 
1377 
—— — existence in calculi, 
1391 ; 
Urile, 1377 
Urilic acid, 1377 
Urinary calculi, 1389 
— table of, 1390 
Urine, 1371 . 
benzoic acid from, 1153, 
note 
complicated characters 
_ Of, in disease, 1386 
composition of, in dis- 
eases, 1386 
fusible salt of, 658 
human, examination of, 
in health and disease, 
1377 
morbid changes of, 1386 
of animals, 1393 
sabulous deposits from, 
1389 
solid contents of, table 
of, 1388, note 
specific gravity of, 1388 


Vacvo, electric light in, 257 
Valerianic acid, 1142, note 
Valeric acid, 1142, note 
Vanadiate of ammonia, 918 
Vanadiates, 920 

Vanadie acid, 919 


potassa-perchloride, 868 


modifies the crystalline 
forms of common salt 
and sal-ammoniac,116 
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Vanadium, 918 

its bisulphuret, 920 
chlorides, 920 
deutoxide, 919 
—— nitrate, 920 
oxides, 919. 
—— phosphuret, 921 
protoxide, 919 
salts, 920 
sulphurets, 920 
Vaporization, 172 


Vapour, aqueous elastic force 
and weight of, at dif- 
ferent temperatures, 


182 


the same, 181 


175 


surface, 182 
loss of sensible 


of, 178 
vesicular, 173, noée 


Vapours, existence of, having 
great density under 


high pressure, 181 


evaporation, 181 
tension of, 162 
volumes of, formed. by 

different liquids, 172 
Variegated copper, 820 


Varieties of iron, 763 


Varvicite, 722 

Vegetable acids, 1170 
albumen, 1092 
alkaloids, 1199, e¢ seq. 
blues, 1118, e¢ seq. 
butters, 1128, 1133 
chemistry, 1043 
colouring matter, 1110 
extract, 1098 

products, 1043 

—— reds, 1112, e¢ seq. 
substances, tabular view 
of elements of, 1066 
Vegetables, analysis of, 1054, 


et seq. 

chemical physiology of, 
1043 

destructive distillation 
of, 1054 

doubtful proximate 


principles of, 1239, 7. 
elementary atoms and 
proximate atoms of, 
1065 


*« 


3 


constitution of, always 
definition of the term, 


force of, at different 
temperatures, and rate 
of evaporation per 
minute from a given 


heat 
during the production 


expansion by heat, 142 
latent heat of, 179, note 
refractive powers of, 192 
slow formation of, in 

cases of spontaneous 


Vegetables, functions of 1048 
immediate principles of, 


1068 ; 
nutritive powers of, 
1098 
proportion of tannin in, 
1101 
ultimate principles of, 
1053 
Vegetation influenced by 


light, 199 
Vegeto-animal matter, 1091 — 
Veins of metals, 586 a 
Velocity, enormous, of tle 

electric fluid, 246 
of light compared with 
the progress of sound, — 
189 4 
Venice white, 846 ; 
Ventilating rooms and build- 

ings, art of, 143 a 
Veratria, 1223 
salts of, 1224 
Veratrin, 1223 
Veratrum album, 1223 
Veratrum sabadilla, 1223 
Verdie acid, 1198 . 
Verdigris, 115, 1320 " 
Verdous acid, 1198 
Vermilion, 944 
Vertiginous magnetism, 339 
Vesicular vapour, 173, note _ 
Vessels employed in gaseous 

manipulations, 354 
Vinegar, 1310 

strength of, ascertained, — 

1311 <7 
Vinous fermentation and its t 
products, 1256, et seq. 


‘Violet vapour of iodine, 371 — 


Violine, 1231 . 
Viscid state of sulphur, 458, — 
459 
Vision, phenomena of, 189 — 
Vital air, 358 _ 
Vitreous silver ore, 961 
Vitrifiable lute, 483 
Volatile alkali, 427 
oils, 1143 
— table of, 1143 
Voleanic ashes, bad conduct- — 
ing powers of the 
earthy bodies of, 159 — 
Voleanoes and waterspouts, 
electrical phenomena 
of, 279 
Volta-electrie current, wire 
transmitting the, de- 
flects a magnetic 
needle, 337 a 
Volta-electrometers, or yol- 
tameters, construction — 
and uses of, 317 


Voltaic apparatus, various 
forms of, described, 
290 7 


ny 


Voltaic batteries, various 
forms of, 291 to 297, n. 
—— battery, electrochemical 
or electrolytical effects 
of the, 304 
—— —electropolar state of 
the, 297 
current, production of 
cold by the, 331, note 
pile, chemical powers 
of the, 303 


'— — construction of the, 


290 
—— — theory of the, 319 
series by acids, 330 
Volume, expansion of, by 
heat, 133 
Volumes and weights, rela- 
tion of, 235 


WaAGNERITE, 713 
Walls, deposition of moisture 
upon, 219, note 
Walnut. oil, 1131 
Warming apartments, fire- 
places and stoves for, 
213 
Wash of distillers, 1258 
Wash-leather, 1398 
Washed ether, 1277 
Water, 384 
action of, on crystal- 
lized substances, 110 
—— — on metals, 597 
adhesion of air to, 109 
aération of, 109 
anomalous expansion of, 
by cold, 138 
atomic constitution of, 
236, 238 
boiling point of, 173 
—— — affected by diminu- 
tion and increase of 
‘pressure, 174 
— — affected by extrane- 
ous matters, 173 
—— — affected by saline 
matters, 176 
bulk of steam formed by 
a given bulk of, 172 
compression of, 108 
congelation of, 390 


-—— — evolves heat, 168 


contamination of, 
lead, 833 
currents that ensue in 
- it when heated, 140 
decomposition of by elec- 
tricity, 388 
ebullition of, 391 
electrolysis or electro- 
chemical decomposi- 
tion of, 304 
experiments illustrative 
of its composition, 384 
—— freezing of, 139 


by 
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Water, frozen by its own eva- 
poration, 184 
—-—by rapid evapora- 
tion of ether, 183 
gases absorbed by, 392 
general characters of, 
389 
heated, tin melted by, 
177 
—— importance of as a natu- 
raland artificial agent, 
392 
latent heat of, 170 
loss of sensible heat 
during its conversion 
into steam, 178 
maximum density of, 138 
—— mixture of, with alcohol, 
1267 
resolution of, into hydro- 
gen and oxygen gases, 
305 
steam formed by, 172 
‘vesicular vapour of, 173, 
note 
and oil, specific heat of, 
compared, 161 
Water of crystallization, 112, 
391 ; 
Water barometers, 438, note 
battery, 297 
Water-proof goods, 551 
Water-spouts, referred to 
electric excitation, 273 
Watery vapour, present in 
the atmosphere, 448, 
et seq. 
Wax, 1134 
lute, 1135 
WepG@woop’s clay pyrometer, 
151] 
Weights and measures, 1417 
and volumes, relation of, 
235 
of combining elements, 
ratio of, 235 
Weld, 1117 
yellow, 1117 
Welded iron, 730 
Welding of metals, 166, note 
glass and platinum,109, 
135 
platinum, 995 
Wetting of solids by liquids, 
108 
Whale oil, 1401 
Wheat starch, 1086 
Whey, 1354, 1359 
White arsenic, 880 
— Dutch metal, 779 
enamel, 1042 
—— flux, 624, 641 
—— Indian fire, 892 
—— indigo, 112] 
lead, or ceruse, manufac- 
ture of, 844, e¢ seq. 
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White light,chromatic nature 
of, 198 
—— muriate of copper, 815 
oxide of arsenic, 881 
precipitate, 937 
vitriol, 775 
wine vinegar, 1311 
Whole numbers for denoting 
elements and com- 
pounds, 239 
Wtson’s phosphorus, 216 
Wine, 1259 
cooled by freezing mix- 
tures, 169 
from the juice of the 
grape, 1259 
Wine-coolers, theory of the 
action of, 185 
Wines, alcohol contained in,* 
1260 
changes of, in cask and 
bottle, 1262 
coloured, 1263 
Wire-gauze, cools and extin- 
guishes flame, 226 
Wires, ignition of, by voltaic 
electricity, 299 
Witherite, 698 
Woad, or isatis, 1119 
Wolfram, 921 
Wood, action of sulphuric 
acid on, 1095, note 
bread made from, 1096 
charcoal of, 509, et seq. 
destructive distillation 
of, 1096, 1313, note 
vinegar obtained from, 
1313 
Woods, useful in medicine 
and the arts, 1246, e¢ 
SEQ. 
Wood-tin, 781 
Woody fibre, 1094 
Wootz, or Indian steel, 766, 
1026 
Wort,strength of, determined, 
1257 
WoutrFE’s apparatus, 397 
Writing fluid, 1105, note 
inks, 1105, note 
Wrought iron, 764 


XANTHIC Oxide, 1392 
Xanthogene, 574 


Yuast, 1093, 1256 

Yellow bitter principle, 1101 

copper ore, or copper 
pyrites, 819 

—— dyes, 1117 

iodide of mercury, 939 

Peruvian bark, 1210 

sulphuret of arsenic, 
289 

turmeric test paper for 
detecting alkalis, 232,n. 
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Yellow vapour of chlorine,863 Zine, its benzoate, 1154 Zine, its sulphite 174— re 
| Yttria, 1015 borate, 777 —— sulphuret, 774 8 
_ its carbonate, 1016 bromide, 773 ——~ sulphuretted sulpl a ite, 
— nitrate, 1016 carbonate, 776 ic Y 
phosphate, 1016 chlorate, 772 ; tartrate, 1176 


salts, 1016 
sulphate, 1015 

- Yttrium, 1014 

its bromide, 1015 


chloride, 772 tartrovinate, 1303 
chromate, 913 trisulphate, 7175 
citrate, 1191 ' |—— and potassium, ferro- 
eyanuret, 777 eyanuret of, 777 
chloride, 1015 expansion by heat, 134 | Zincoey anuret of potassium mn, 
— fluoride, 1015 | ferrocyanuret, 7 

iodide, 1015 —— hyposulphate, 775 Zincode and platinode defined, 
— oxide, 1015 —— hyposulphite, 774 : 299 — a 


VOTE 


—— phosphuret, 1016 iodate, 773 Zincous and chlorous poles of 
seleniuret, 1015 iodide, 173 - the voltaic patiery, a0 
sulphuret, 1015 muriate, 772 Zircon, 1011, 1035 

Yttrocerite, 876, 1014 molybdate, 902 Zirconia, 1011 


Yttrotantalite, i014 nitrate, 773 its ‘carbonate, 1014 


- analysis of, 925 — oxalate, 1185 — ~ hydrate, 1012 
v —— oxide, 770 . metallic base, 1011 
| ZAFFRE, 794, 800 —— oxysulphuret, 774 -—— nitrate, 1013 
: Zimoma, 1092 —— phosphate, 776 —- phosphate, 1014 
Zine, 769 —— phosphuret, 776 salts, 1014 
- action of sulphuric acid potassa-sulphate, 776 silicate, 1011 
on, 772 protoxide, 770 - sulphate, 1013 


—— its acetate, 1319 
—— alloys, 777 
» — amalgamated state, 321, 
note 
ammonio-sulphate, 776 
- antimoniate, 852 
——— arsenuret, 896 


reduction of its ores, 777 Zirconium, 1011 

its salts, 778 its chloride, 1013 
silicate, 1034 —— — hydrated, 1013 
subarseniate, 888 fluoride, 1013 
succinate, 1161 oxide, 1011 
sulphate, 775 potassofluoride, 1013 
— with nickel, 806 sulphuret, 1013 
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A Practical Treatise of the Laws relating to the 
_ Clergy of the Anglican Church. By ARCHIBALD JOHN STEPHENS, ~ 
- M.A., F.R.S., Barrister at Law. Jn the Press. 


History of the Church of England; ombraeia 
Copious Histories of the Thirty-Nine Articles, the Translation of the Bible, 
and the Book of Common Prayer. By T. VOWLER SHORT, D. Dow 
Lord Bishop of Sodor and Man. Third Edition. 16s. 4g 


History of the Church of Ireland: by Ricuarp- 
MANT, D.D., Lord Bishop of Down and Connor. Two large Volumes, ~ 
Octavo, 17s. each. a 


The Anglo-Saxon Church; its History, Revenues, 
and General Character.- The Third Edition, revised. Octavo, 10s.6d.0 


Also a SUPPLEMENT, containing Solemnities for Passion-Week, 
‘from original MSS., with Additions and Corrections to complete the First 
and Second Editions. Octavo, 2s. _ } 

By the Rev. HENRY SOAMES, M.A., Chancellor of St. Paul's, 


A Manual of Christian Antiquities; an Account 
of the Constitution, Ministers, Worship, Discipline, and Customs of the 
_ Early Church: with a complete Analysis of the Works of the Ante-Nicene 
Fathers. ad the Rev. J. E. RIDDLE, M.A. New Edition. 18s. 
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Published by J ohn W. Parker, London. 5 
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The Practical Bee-Keeper; or, Concise and Plain 


Instructions for the Management of Bees and Hives. With copious Glean- 


ings from Ancient and Modern Writers on Bees and Bee-keeping. By 
JOHN MILTON. With Illustrations. 4s. 6d. 


Practical Chemistry for Farmers and Landowners. 
By JOSHUA TRIMMER, F.G.8. Post Octavo 5s. 


Practical Geology and Mineralogy, and the Che- 
mistry of Metals. With an Introductory Discourse on the Nature, Ten- 
dency, and Advantages of Geological Pursuits. By JOSHUA TRIMMER, 
F.G.8. Octavo, with Two Hundred Tlustrations, 12s. 


Practical Geodesy, comprising Chain Surveying, 
the Use of Surveying Instruments, together with Levelling, and Trigono- 
metrical, Mining, and Maritime Surveying. By BUTLER WILLIAMS, 
C.E., F.G.8., Professor of Geodesy in the College for Cwil Engineers, London. - 
Octavo, with numerous Illustrations. 12s. 6d. 


The Mechanics of Engineering, intended for use 
in Universities and in Colleges of Engineers. By Professor WHEWELLI, ~ 
Feb. F-R.S., ~ 9s. ; 


Principles of Mechanism. By R. Willis, M.A., F.R.S. 


Jacksonian Professor in the University of Cambridge. With numerous 
Illustrations. 15s. 


An Introduction to Chemical Philosophy; being a 
Preparatory View of the Forces which concur to the Production of Chemical 
Phenomena. By Professor DANIELL, F.R.S., of King’s College, London. 
New Edition, much Enlarged, 21s. 


A Manual of Chemistry; the Fifth Edition, 
thoroughly revised and greatly enlarged, and containing all New Facts and 
Discoveries in the Science. By WILLIAM THOMAS BRANDE, F.R.S., 
of Her Majesty's Mint; Professor of Chemistry at the Royal Institution. 


Octavo, 35s. 
By the Same Author. 


Dictionary of the Materia Medica and Pharmacy. 
Octavo, lds. 
Tables of Chemical Equivalents, Weights, Mea- 


sures, &c. On five large Sheets, 3s. 6d. 
fe 


~ complete and continuous form is wholly comprised i in one Volume. 


6 - New Works and New Editions, 


Exposition of the Sermon on the Mount, drawn 
from the Writings of St. Augustine, with Observations, By RICHARD 
-CHENEVIX TRENCH, M.A. 33. 6d. | eh 


Notes on the Parables. By the same. Octavo, 
New Edition. 12s. : 


The Mission of the Comforter, and ‘ether Sermons, q 
By JULIUS CHARLES HARE, Archdeacon of Lewes. Jn the Press, — 


Is the Offertory without Communion required by 
theChurch? By Rev. R. WICKHAM, M.4A., of Christchurch, Oxford. 1s. ie 


— he Book of Psalms, “newly Translated from the 3 
Hebrew, with Critical and Philological Notes. By W. FRENCH, D.D., : 
Master of Jesus College, Cambridge; and Rev. G. SKINNER, M.A., late ; 
Fellow and Tutor of Jesus College. New Edition, revised, 12s. 


The Choral Serra et Thee Une Church of 


England and Ireland; being an Enquiry into the Liturgical System of the — 
Cathedral and Collegiate Foundations of the Anglican Communion. By 3 
the Rey. JOHN JEBB, A.M., Rector of Peterstow, Oger, 16s. q 

The Morning Service for the Sundaes and often 
Holidays throughout the Year; with the Psalms and the Lessons in their order 
of use ding to the Book of Common Prayer. Complete in a Volume. - t 


, The Evening Service for the Sundays and other 
Holidays throughout the Year; with the Psalms and the aes in their — 
order of use. Also complete in a Volume. : 

In these Editions separate Volumes are devoted to the esrb and 

‘Aidanite Services respectively. The order of the Book of Common Prayer y 

is strictly observed, with the addition of the First and Second Lessons for — 


every Sunday and Holiday throughout the Year, printed at full in their 
appointed order. By this means the Morning [or the Evening] Service, in a 


These Editions of the Services are printed in two sizes, which may be 4 
- had, bound or in boards, at the following rates: | ie 


| THE MORNING AND EVENING SERVICES, | roorsear ROYAL — 


COMPLETE IN TWO VOLUMES, OCTAVO. THIRTY-TWOS, fe 
és. dd, £8. a 
AAAS eth t usin cliwtate makaaenae anos Late tambameeeiedeeaat 014 0 0 Scan 
Roan Embossed, Gilt Edges........ecscsseseeseeees eee 015 0 O:'\% 6 2 
ear key -dLOrocco, P lala f.5slicek coves dis cndesceecssteea eee 018 0 0 10 ee 
Bilexible’ Moroceo, Fine ...:isatebe(eseceqneees Se Tee Err en lL 1.0. 0sa eae 
| Flexible Morocco, Hlegant .....ssccsessenseceeees ripen eh 160 | 016 0 


Published by John W. Parker, London, 7 


Edited by John Hullah, | f 


Professor of Vocal Music in King’s College, London, 


The Whole Book of Psalms, with the Canticles and 


Hymns of the Church, for Morning and Evening Service, 


Set to appropriate Chants for Four Voices, | 
_ Every Syllable being placed under its proper Note. 
Imperial Octavo, 15s. 


The Psalter; or, Psalms of David, m Metre: 


FROM THE AUTHORIZED VERSION OF 
BRADY AND TATE. 


Set to appropriate Tunes, Arranged for Four Voices, with 
and without Accompaniments ; 


Together with Indices, and Tables showing the Psalms applicable to the Morning 
and Evening Services of the Sundays, and other Holy-Days, throughout 
the Year, according to the Form and Order of the 
Book of Common Prayer. 


Epition I. 


The PSALTER, with the Tunes in Score, Set for Four 


‘Voices, with Accompaniments for the Organ or Piano-forte. Forr1o Eprrion, 
Price, bound in Cloth and Lettered, 24s. ; Half-bound, Morocco, Gilt edges, 28s. 


This E4ition is adapted for the Organ Desk, the Drawing Room, or the Study. 
Epitron II. : 


The PSALTER, with the Tunes in Score, Set for Four | 
Voices. SupER-Royat Octravo. Price, bound in Cloth and Lettered, 15s. ; 
Half-bound Morocco, Gilt Edges, 17s. 6d. 


This Edition is in Score, without Accompaniments, for use in Church, and for practice in Families. 


Epition III. . 


The PSALTER, with the Tunes set in separate Voice 
Parts, viz.;—SOPRANO, ALTO, TENOR, and BASS, in distinct Volumes. Price, 
bound in Embossed Roan, Gilt edges, 6s.; and in Morocco, 8s. 6d. each. 


These Volumes of Separate Voice Parts are ornamentally printed in Foolscap Octavo, uniform in 
size with some of the most approved editions of the Common Prayer, Church Services, &c. 


| Eprrton IV. 
The PSALTER, with the Tunes set for the separate Voice 


Parts, each in a Volume, as above. Price, bound in Coloured Sheep, 2s.; in 
Embossed Roan, Gilt edges, 2s. 6d., per Volume. 


In the same size as the Nonpareil Twenty-fours Editions of the Prayer Book, and adapted by its 
cheapness to general use, and gratuitous distribution. , 


~ In these Editions of the Psaléer, each, or one or more portions of each of the Psalms, 

is set to an appropriate Tune; and every word of each verse is placed under the note to 

which it is to be sung. The work, therefore, forms a complete Psalm Book, for those 
who do not, as well as for those who do, join in congregational singing. 

Each Volume contains Three Hundred and Fifty Pages of Music, besides the Indices 

and Tables, and every Volume, whether of the Score, or of the Separate Voice Parts, 

being printed page for page, perfect uniformity extends throughout the whole Series, 
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ee _. > New Works and New Editions. ie ” 


The Siudent’s Manual of Ancient Bisons ; con- 
taining tlte Political History, Geographical Position, and Social State of the 
- Principal Nations of Antiquity. By W. C. TAYLOR, LL.D., 7.C. D. 
fee Edition, enlarged. 10s. 6d. 


The Student’s “Manual of Modern History; the 
Rise and Progress of the Principal European Nations, their Political Historgl 
and the Changes in their Social Condition; with a History of the Colonies 
founded by Europeans. By W. C. TAYLOR, LL.D., 7.C.D. Thi 
Edition, enlarged. 10s. 6d. 


The Life and Services of General Lord Harris. 
By the Right Hon. 8S. R. LUSHINGTON, late Governor of Madras. With 
Portrait, &c. A New Edition, revised, ina Pocket Volume. Jn the Press. by ) 


Gallus; or, Roman Scenes of the Time of Augustus; 
with Notes and Excursus illustrative of the Manners and Customs of the 
Romans. Translated from the German of Professor W. A. BECKER. By 
F. METCALFE, B.A., of St. John’s College, Cambridge. With Ilustra-_ 
tions. 12s. . 


by 


\Saa 

~ Charicles; or, Illustrations of the Private Life and 
Manners of the Greeks. From the German of Professor. BECKER. To 2 
polls the publication of Gallus. 


, 
bbe’ 


Arundines Cami, sive Meera Cantabrigiensium ; 
oo Canori, collegit atque edidit HEN. DRURY, M.A. New Edit. ey | 


Travels in the Track of the Ten Thousand Greckel 
being a Geographical and Descriptive Account of the Expedition of Cyrus r. 
and of the Retreat of the Ten Thousand Greeks, as related by Xenophon. — 
By WILLIAM FRANCIS AINSWORTH, F.G. S., F.R.G.S., Surgeon 
. to the late Euphrates Expedition. Nearly Read, ly. 


iv 


me! 

Travels and Researches in Asia Minor, Mesopo- 
tamia, Chaldea, and Armenia; by W. F. AINSWORTH, in charge of the 

_ Expedition sent by the Royal Geographical Society, and the Society for’ 
Promoting Christian Knowledge, to the Christian Tribes in Chaldea. Two | 
Volumes, with Maps and Illustrations. Roi ae 


Now Publishing, in Monthly Parts, price 3s. 6d. each, 
The 


2 Ecclesiastical Architecture of Great Britain, 


From the Conquest to the Weformation. | 
By 
HENRY BOWMAN, Architect, and JAMES HADFIELD, Architect. 


~_o_ 


ILLUSTRATED BY VIEWS, PLANS, ELEVATIONS, SECTIONS, AND DETAILS, 
; WITH ; 
HISTORICAL AND DESCRIPTIVE ACCOUNTS OF THE RISE, PROGRESS, AND 
DEVELOPMENT OF THE SEVERAL STYLES OF ARCHITECTURE. 


~ 


oD the ceaseless desire for novelty and improvement in matters of mere utilitarian 

interest, it is consolatory to hear some voices raised for the advancement of nobler and 

purer objects—for something having a higher tendency than mere physical comfort er worldly 
prosperity. 

The Sealy of the Ecclesiastical Architecture of the Middle Ages, is one which has of late 
years spread with such amazing rapidity, and seems to have taken such deep root among us, 
that it is matter of no small surprise how it should have been so long regarded wtth apathy, 
not to say contempt. 

___ This is an inquiry, however, upon which we do not intend to enter. - We may content our- 
selves with remarking, that the present revival may be traced, in a great measure, to the 
efforts of a few individuals, who have, at different times within the last half century, given 
to the world, in the form of illustrated works, the result of their labours and researches in 
this department of art. The beautiful and elaborate works of Carter, Britton, and Pugin, 
and, above all, the excellent and practical work of Rickman, have contributed, more than any 
other cause, to the general diffusion of this taste. But the works just mentioned, with the 
exception of the last, and some of those of Pugin, have, we contend, contributed more to 
excite an interest in the subject, and a desire for information, than to furnish materials for 
acquiring the knowledge sought. The great want at the present time is a sufficient collection 
of examples on which to form correct principles of theory, and a sure guide for modern practice. 

Before we can hope to attain a true knowledge of the principles which guided the eccle- 
siastical architects of the Middle Ages, or imbibe the spirit which enabled them to design 
such glorious structures, we must first patiently study the remains which sacrilegious hands 
have spared to us: we must be content to imitate before we can hope to create. By frequent 
and continuc:] contemplation of models of acknowledged excellence, our taste will be insensibly 
cultivated, 1nd our minds led imperceptibly to imbibe those principles, and to acquire that 
state of susceptibility to beauty, which is essential to the appreciation and production of works 
in every department of the Fine Arts. | fe 

Though abundant in many parts of this country, these venerable remains cannot be studied 
to any extent but at great expense, and by few individuals; it becomes therefore a matter of 
extreme importance to all who desire the revival of genuine Church Architecture, to. be thus 
enabled, through the medium of descriptions and illustrations, to study these ancient remains 
at a cost little more than nominal. 

The object of the present work is to furnish, at a cheap rate, illustrations of the best speci- 
mens of the Ecclesiastical Remains in this vountry, confining them to such as shall be excel- 
lent in design, adapted to modern practice, and not too elaborate or expensive in execution. 

It is not proposed merely to interest and inform the antiquary, but to furnish correct and 
genuine examples of ordinary Parish Churches, erected on true Anglican principles. It must 

not, therefore, be expected that the historical portion of the work will be very comprehensive, 
or exhibit elaborate research, further than may be necessary to elucidate the character, style, 
and date of the examples given; first, because it would not lie within the scope, or accord 
with the nature of the work; and, secondly, because many of the Churches selected afford 
but scanty materials for such disquisitions. . 

The specimens will chiefly consist of such Country Churches as are best suited for imita- 
tion, and most adapted to the wants of the present age, though some of them are compara- 
tively little known. .Many of the examples hitherto chosen for publication are either remark- 
able for their splendour, and therefore not of much practical value, or interesting from their 
great antiquity, but possessing little or nothing suited for imitation, belonging as they generally 
did, to an age and state of society widely different from our own. — : 

Among the subjects given will be some of great excellence, which have within a few years 

- gone into decay, but of which drawings were made while they were in existence. Specimens 
of such ancient Stained Glass and Church Furniture as may be deemed of sufficient excellence, 
will also occasionally be given. yest 

The Work will be published in Numbers, from one to three of which will be devoted to 
each Church. A condensed History of the different Styles of Christian Architecture will be 
added, together with a copious Iudex, in which the examples given will be arranged both 
alphabetically and chronologically. 
a8 
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10 New Works and New Editions, = 
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al cea. a. 
Instructions in Household Matters; or, the You 
Girl's Guide to Domestic Service. Written by A LADY, with an esp 
view to Young Girls intended for Service on leaving School. With Wood- 
Cuts. 1s. 6d. 4 


~ An Introductory Lecture, delivered at King’s Col- 
lege, London. By JOHN HULLAH, Professor of Vocal Music in the 
College. Is. ¢ \e 


i 


— 


Hullah’s Grammar of Vocal Music, for the use of 
Public Schools and Classes of Adults. Royal octavo, 7s., bound. ~ 


Illustrations to Hullah’s Vocal Grammar, for the 
use of Teachers. The Set of Thirty, price £2. 


- Part Music, in Score and in Separate 
Voice Parts, 
Edited by John Hullah. 


_ Hullah’s Part Music, though edited and published 
with an especial view to the Classes and “Upper Schools for the Study a: and 
Practice of Part Singing, now prevalent throughout the Country, is equally 
adapted to the use of Families, Schools, or Associations, wherein Vocal Musie 
forms a part either of instruction or amusement. By 

_ The Part Music is divided into Classes, according to the number of Voice es 
for which it is arranged, and published occasionally in Numbers; ever ie 
N nek contains both Sacred and Secular Pieces. 


Class A. Music in Score, and in Separate Voice if 
Parts, for Four Voices. a 
Of this Class Nine Numbers have been published. Price for the Music in 


Score, 2s. 6d. per Number; for each of the separate Voice Parts (Sopran ‘ 
Alto, Tenor, and Bass,) 8d. per Number. | 
The First Volume contains Numbers I. to VI., (the Sacred and Sectlag . 
Pieces being bound in distinct Volumes,) at 9s. per Volume for the Score, 
~ and 3s. each for the separate Voice Parts, 
Class B. Music in Score for the Voices of 
Women and Children. ial 


_ Numbers I. to V. are already published, price 8d. each; to be contintedal 


Xa 


Class C. Music in Score for the Waits of Men. i 
Be Nos. ‘I. to IV. are published, price 8d. each ; to be continued, _ + : 


Published by John W. Parker. = BE 


A. Statistical Companion to the Pocket Book. 


i e Corrected to 1844. By C. R. WELD, Assistant-Secretary and ‘Librarian to 
_ the Royal Society. 32mo. 2s., gilt. 


Royal Society of Literature. Biographia Britan- 
nica Literaria, a Literary History of the United Kingdom, arranged in 
Chronological Order. Published under the Superintendence of the Royal 


Society of Literature. Vol. I. Octavo, 12s. 


The Journal of the Statistical Society of London. 


ee oe 


$s. d. S. da. Ss. d. S. ds s. d. 
Bedford ..0 9| Durham ....1. 0 | Middlesex, Rutland .... 0° 9 | Sussex 252... 1 0 
BOLE o.a%0)0- 2 lie Gale BIBSOX 4). <). sie ete 2 0 including | 4- 6\| Salop#..=..%- 1.6] Warwick...) 1" (6 
Buckinghaml 0-| Gloucester ..1 6 London .. Somerset, a 6 Westmoreland 1 0 
Cambridge 1 0| Hereford ....1 6| Monmouth .. 0 9 elud.Bristol SW UGS cee ss 1, 6 
Chester ..1 6 Hertford .... 1 0 | Norfolk...... 2 0| Southampton 1 0} Worcester .. 1 6 
Cornwall .. 0 9 | Huntingdon.. 0 9 | Northampton 1 6 | Stafford...... 2 0| York, H.Rid. 1 0 
Cumberland1 0/| Kent........ 2 6 Weanet 9 Suffolk ...... 250 tk P Naw soto 
Derby...... 1 6] Lancaster.... 2 6 berland Surrey, mee Fc ape Yi) 
Devon ....2 6/ Leicester .... 1 6]| Nottingham..1 0 ding South- 11 6 North Wales 2 0 
‘Dorset ....1 0| Lincoln...... 2 6| Oxford ...... 1 6| wark...... { South Wales 1 6 


Published Quarterly. 2s. 6d. 


The Journal of the Royal Asiatic Society. Nos. 


I.to XIV. 6s. each. Published Occasionally. 


Publications of the Cambridge Antiquarian Society. 
Nos. I. to VII. Continued Occasionally. 


Published by Authority. 
Minutes of the Committee of Council on Educa- 


tion ; for 1842-43; with Appendices and Plans of School Houses. 6s. Also, 


The Minutes for the years 1839-40, 1840-41, and 
1841-42. 3s. 6d. each. 


REPORT OF SPECIAL ASSISTANT POOR-LAW 
COMMISSIONERS ON THE 


Employment of Women and Children in Agricul- 
ture. Presented to Parliament, by Command of Her Majesty. Octavo. 3s. 6d. 


The Physical and Moral Condition of the Chuil- 


dren and Young Persons employed in Mines and Manufactures. 2s. 


Official Information on Charities. Digests of the 
Reports presented to Parliament, by Command of Her Majesty. Arranged 
in Counties, with an especial view to general circulation, and published at 
the following prices:— 


General Charities, and Summaries of Charity Property and Income. 9d. 
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Blanca ‘School | Books, | i. 


_ Published under the Sanction of ee. 


The Committee of Council on Baueation, 


Reading. : a 


The First Phonic Reading Book, with N otes exph As 
-natory of the Method and Instructions for Tee ehiitag: 8d. 


The Second Phonic Reading Book. 1s. 


Fifty Wall Tablets, containing the Exercises in the 
First Phonic Reading Book. Ms. ve 


The Reading Frame, with the Letters and Pictures 
employed 1 in the Method. £5. 


- Arithmetic. | a 


Exercises in Arithmetic, for Elementary Schools, 
after the Method of Pestalozzi. 1s. 6d. 


The Tables required in Teaching the Method, on 


Four large Double Sheets, mounted on Canvas, and Varnished. 
e 


: Ss, 


Writing. 
A Manual of Writmg, on the Method of Mul- - 


hauser, adapted to English Use. In Two Parts. Part I. Anatysis of the 
Meruop. Part IT. Apprication of the Metnop. With Plates. Qs. 6d. 


__ _Writing Models (the Set of Forty), Mounted ° for 
the Use of Pupils. Price 2s. 6d. 1 
, Singing. | q 
Manual for Teaching Singing on the Method of 
Wilhem, adapted to English use ie JOHN HULLAH. Parts I. and IL. 
2s. 6d. each ; or bound together, 5s. “a 


The Exercises and Figures, for the use of Pupils, . 
Three Books, 6d. each. 


Large Sheets, containing the Exercises and Rieu 
for the use of Teachers. Sheets Nos. I. to C., in ten parcels of ten numbers 
each, price 7s. 6d. per parcel. 


“’ 


‘ 


Drawing. 


A Manual of Model-Drawing from Solid Foun 
with a Popular View of Perspective; adapted to the Instruction of Classes i in 
_ Schools and Public Institutions. By BUTLER WILLIAMS, C.E., F.G.S, 

Octavo, with Shaded Engravings of the Models, and numerous Wood-Cuts, 15s 


- Instructions in Drawing from Models, for the use of 
‘Elementary Schools. Abridged from the foregoing Manual. With numerous 
Illustrative Wood-Cuts, and Outline Figures of the Models, price 33. am 


Collections in Popular Literature. 


cr: has been frequently suggested to the Publisher, that he might render an 
- acceptable service to the friends of Education, and greatly assist those who 
desire to promote the intellectual amusement of the people, by producing a 
’ series of Popular Books, at low prices, calculated, by their unexceptionable 
tendency, for general use in families; from which School Libraries might be 
formed, Reward Books selected, and Lending Libraries supplied; which, on 
account of their convenient form and size, would be welcome as Fireside and 
Travelling Companions; books, in short, which might be found instructive and 
entertaining wherever introduced. . 

These suggestions he is now carrying out, in compliance with certain con- 
ditions, natnely, that the works produced shall be unexceptionable in subject 
and in treatment; that the series be sufficiently varied to meet the requirements 
of all classes of readers; and that each book shall be complete in itself, and 
-procurable for a small sum. 

The Cottections In Popunar LITERATURE will, therefore, embrace most of 
the features of an Encyclopedia, though the subjects will not be divided into 
fragments, or scattered over many volumes; each subject being treated with 
fulness and completeness, and its information brought up to the present time. 

The Plan will embrace new and improved Editions of certain Standard 
English books, but the majority of the works will be newly written, translated, 
compiled, or abridged, for the present purpose; and the volumes will appear 
from time to time in sufficient variety to extend simultaneously, and in due 
proportion, the various branches of Popular Literature. The whole will be 
prepared with an especial view to the diffusion of sound opinions—to the pro- 
mulgation of valuable facts and correct principles—and to the due indulgence 
of general literary taste. 

It is not intended that this series shall form a periodical, according to the 
strict acceptation of that term. Several works are already published, and 
others will quickly follow; they will all be uniformly bound in cloth and 
lettered. There will be no necessary connection between the various works, 
except as regards general appearance, and each, being complete in itself, may be 
had separately ; nevertheless, the volumes, distinct, yet uniform in their object, 
will together form a valuable library, and may be collected and classified under 
the following heads: 


I. Popular History. 


Under the comprehensive title of History, we purpose giving an extensive 
series of interesting and instructive works. Among these will be carefully- 
considered narratives of some of those moral tempests which have so often 
_ agitated the world, when men have continued a long course of disobedience to 
the laws of God and the recognised Jaws of man. We shall make it our 
business to record the change of a dynasty, the rise and career of a monarch, a 
usurper or a ruler, whose actions have thrown a new aspect on the political 
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institutions of a country; we shall trace the rise and progress of great com. 
mercial or manufacturing enterprises, whereby the wealth and prosperity 
nation have been obviously increased; we shall notice the train of ev 
whereby the prevalent or established religion of a country has been chang red. 
These and other subjects of a like character will enable us to bring up: many 
stores from a mine peculiarly rich in instructive and entertaining matter, id 

It is of course impossible, in such a notice as this, to include all the feat ures 
of so important a division of our Connections IN PopuLAR LiTERATURE a8 
History; but some idea may be formed of it from the following list: 

A History of the Invasion of Russia by Napoleon Bonaparte. 2s. 6d, 

The Lord and the Vassal: a Familiar Exposition of the Feudal System: 
in the Middle Ages; with its Causes and Consequences. 2s. +i via 

A History of the French Revolution; its Causes and Conseqn ene 
Newly written for this Collection. By Frederica Maclean Rowan. 

The Ruins of Rome and their Historical Associations ; including an 
‘Account of the Modern City and its Inhabitants. In the Press. 

The Private Life, Manners, and Customs of the Ancient Romans. 
the French of Di paaiys carefully edited, and forming a valuable work for 
study or amusement. Jn the Press. 2g 

Constantinople and its Historical Associations; with some Account of 
its Institutions and the Manners and Customs of the People. 

History of the Trading Communities of the Middle Ages, 

Trading Communites of Modern Times. | 

The Ruins of Athens and their Historical Associations ; with N otices 0 ft 
the Modern City and its Inhabitants. 

The following are in course of preparation for the Press: ; 

A History of London, Ancient and Modern .....A History of the E - 
dowed Schools of Great Britain .... The Incas of Part with some ree f 
the Ruins of their Greatness . fa arg History of ‘the British Army ., 
A popular Fiigtany, of the British Navy .... The Sicilian Vespers. 


II. Popular Biography. 


One of the most useful and pleasing forms under which knowledge can. b be 
presented to the general reader is that of the Biography of distinguished : men, 
who have contributed to the progress of that knowledge in some one or otha 
its various departments. But it too frequently happens, that the biograph 
notices of great men consist rather of personal, trivial, and unimportant detai 
- than of a clear and broad outline of the influence which they exerted pas the 
_ pursuit and upon the age in which they were distinguished. The true ¢ object. 
of Biography is, while tracing the progress of an individual, to show not 
what result his active life has produced on the well-being of his fellow-n 
but also the position which he occupies as one of the ‘ sei landmarks in be 
map of human nature.” | 

Met we are not satisfied with a Pcie which regards its subject in his 
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qualities which rendered him celebrated in public, followed him likewise into 
private life, and distinguished him there. We regard, with interest, in his 
_ private capacity, the man who has been the originator of much public good: 
we look with an attentive eye on his behaviour when he stands alone, when 
his native impulses are under no external excitement; when he is, in fact, ‘in 
the undress of one who has retired from the stage on which he felt he hada 
part to sustain.” 
But a detail of the public and private events in the life of a distinguished 
man, do not alone suffice to form a just estimate of his character. The reader 
requires to be made acquainted with the state of a particular branch of know- 
ledge, at the time when the individual appeared, whose efforts extended its 
boundaries. Without this it is impossible to estimate the worth of the man, 
or the blessings and advantages conferred upon society by his means. 
_ On the other hand, in tracing the history of any particular branch of know- 
ledge unless connected with Biography, we lose sight of individual efforts ; 
. they are mingled with the labours of others, or are absorbed into the history of 
the whole, and are consequently no longer individualized: hence we are likely 
to fail in recognising the obligations due to our distinguished countrymen, or 
to deprive of their just merit those of our foreign brethren, whose useful lives 
have influenced distant lands as well as their own. 
‘With these views it is proposed that each Biography shall consist of three 
distinct portions: 


‘1 The history of a particular department of knowledge, up to the time 
when the individual appeared by whom its boundaries were extended, 
2 <A general sketch of the life of such individual, with particular details of 
the improvements effected by him. 
3. The progress of such branch of knowledge, from the date of such im- 
provements up to our own times. 


The following form part of this Division: 


Smeaton and Lighthouses; a Popular Biography, with an Historical 
Introduction and Sequel. 2s. 
 . Jinneeus and Jussieu; or, the Rise and Progress of Systematic Botany. 2s, 

Cuvier and his Works; or, the Rise and Progress. of Zoology. 2s. 

Sir Joseph Banks and the Royal Society. Jn the Press. 

Sir Humphrey Davy and the Safety Lamp. fn the Press. 

These will be followed by : 

Brindley and Canals... . Watt and the Steam-Engine .... Wedgwood 
and Pottery .... Telford and Roads and Bridges... . Caxton and the Printing 
Press .... Galileo and the Telescope .... Sir Isaac Newton and the Progress 
of Astronomical Discovery .... Sir Christopher Wren and St. Paul’s Cathedral 
,... Addison and the English Essayists . . . . Jeremy Taylor and some Account 
‘of his Times and Works . “Wilberforce dvs the Slave Trade, 

Each work being a oe Biography, with an Historical Introduction and 
Sequel. 
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III. Popular Seance and Art. 


When we contemplate the arts and processes of civilized life, we cannot 
be struck with the vast amount of invention and ingenuity required for 
gradual development. Not an article of clothing or of furniture, not an in 
ment, implement, or machine, could have been brought to the state in y 
we find it, without many successive steps of invention, due to different : 
supplied at different times, and brought to light in different countries. B 
devoting several of our volumes to the Useful Arts, we shall not be unmi 
of the fact, that Art is the application of Science to a practical end. | 
proposed, therefore, under the comprehensive title of Popular Science and 
to include portions of our knowledge of animate and inanimate nature. 
object will be to assist the general reader to regard with an intelligent ey 
varied phenomena of nature, to gratify the laudable desire of understand 
what he sees, and of preparing him in some measure to enter more fully upor 
the study of a given subject. In this way, it is hoped to effect a useful pur- 
pose, by connecting Science and the Useful Arts; for ‘‘it is not, surely, in the 
country of Arkwright, that the Philosophy of Commerce can be thought in 
pendent of Mechanics; and where Davy has delivered lectures on Agricu 
it would be folly to say that the most philosophic views of Chemistry wer > no’ 
conducive to the making our valleys laugh with corn.” Ny 


The Useful Arts employed in the Production of Food. 2s 6d. 
The Useful Arts employed in the Production of Clothing. 2s, 6d. 
The Useful Arts employed in the Construction of Dwelling Houses. 
Qs. Ed. <a 
The Writing-Desk and its Contents, taken as a Text for the Familiar 
Illustration of many important Facts in Experimental Science. 2s. a 


The above works are already published in this Division, and others on z 
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following subjects are in course of preparation: 


Examples of Mechanical Ingenuity .... The Philosophy of the Exter nal 
Senses... . Ancient and Modern Modes of fictedene Time, with curious II 
trations of the Application of Clockwork ....The Rise and Progress of 
' culture.... The Natural History of Birds and Insects injurious to Farmin, d 
Gardening .... The Wonders of the Microscope .... Mathematical Magic. _ 
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IV. Popular Voyages and Travels. 


Few subjects are more attractive than the narratives of celebrated travellers. 
Although they tell us of beings who speak another tongue, inhabit a different 
clime, differ altogether from ourselves in manners, customs, dress, and institu- 
tions—yet the sympathy which man feels for his fellows makes us delight in all 
the details which talent and enterprise procure for us. The personal narrative. 
of the traveller has also a great charm; we seem to participate in his dangers, 
excitements, and pleasures; we add to our knowledge in his company ; and the 
truth and sincerity which pervade the narrative, make us feel a personal interest 
in the narrator. It is intended to reprint some of the narratives of our old 
English Navigators, especially those of Discoveries, which have had most influ- 
ence on the progress of Geographical Knowledge. It will not be an objection 
that these eminent men lived at a period of time distant from our own; for 
_ their narratives are full of truth, told with plain simplicity. 
But the important labours of modern travellers will not be forgotten. In 
- describing several interesting portions of the earth’s surface, we shall avail our- 
selves of the most trustworthy individuals, and by a careful comparison of 
statements and details, we hope to present graphic descriptions of some of the. 
most celebrated countries of the world; as well as of those which have only of 
late years been explored. Many voyages of discovery have had their proceed- 
ings recorded in large quartos, the price of which places them above the reach 
of the general reader, while their scientific details render them unfit for popular 
use: a digest: ofthese works, containing an epitome of the lighter portions, and 
the results of the scientific discoveries, may prove acceptable. 


The following works are in a forward state for publication: 


The Life, Adventures, and Discoveries of Captain William Dampier ; 
including a History of the Buccaneers of America, 


Captain Cook and the Circumnavigation of the Globe. 
An Overland Journey and a Steam Voyage to India. 
Voyages and Discoveries in the South Polar Regions. 
Voyages and Discoveries in the Northern Polar Regions. 
Voyages and Discoveries in Australia and Polynesia. 


To these will be added digests of Travels and Adventures in various Coun- 
tries of the Old and New Worlds. 
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_ V.. Popular Tales and Fiction, 


The design of this Collection embraces many favourite old’ works, 
though containing much that has instructed and delighted our predecesso 
nevertheless, but ill adapted in their original form for general perusal. . An 
these may be reckoned some works of fiction, the excellencies of which ar 
obscured by a grossness of style not uncommon at the time when the 
composed, but which justly excludes them from family reading in the p 
day. Such works would be acceptable if freed from objectionable pas 
and in undertaking to accomplish this reform, without detriment to the 
of the original, the Publisher relies on the approbation of a large class 
sons, who will thus be enabled to place in the hands of the young, p 
editions of those romantic and interesting tales which are naturally sou 
by youthful readers, whose hands they might otherwise reach, tainted 
their original impurities. Every work will be prepared for this series 
careful editing, in order to suit the general tone of thought, principle, 
feeling which will pervade the whole Collection, and no work will be admit 
the name of whose author is associated with considerations pasar to Ch 
feeling, good taste, or propriety. ' 

Asn Ong the. new TOES intetised to be included in this Division, n 


of different climes. 


The Merchant and the Friar; or, Truths and Fictions of the Mid 
Ages. By Sir Francis Patcrave. A New Edition, revised. 3s. 
The Life and Adventures of Peter Wilkins, a Cornish Man. i 
revised and corrected. 3s. 
The most Delectable History of Reynard the Fox, and of hid Som 
Reynardine. A revised version of an old Romance. 2s. _ 4 
Van-ti, the Chinese Magistrate; and other Tales of Other (ante Qs 
Norah Toole, a Tale of Ireland; and other Tales illustrative of N ation : 
and Domestic Manners. 2s. 4 
Stories of Emigrants, or, Life in Canada, the United States, « and 
_ dAustralia. 
Carlo the Courier, or the Travellers in Italy; Annette Darville, or, the 
French Market Girl; and Herman Stult, or the German Peasant. pi illus- 
trative of Life on phe Continent. In one cia - 
The Life and Adventures of Robinson Crusoe, ys ap iis: with a an 
‘Introduction, and numerous Illustrations. i las an 
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VI. Popular Miscellanies. 


Under this head will be published, works of a miscellaneous nature which 
do not fall strictly under any of the foregoing Divisions, or which may include 
several of those Divisions. Among the former may be mentioned a short series 
‘of works on in-door and out-door amusements, the object of which is to furnish 
" young persons with sources of amusement, innocent in their kind, and healthful 
in their application both to mind and body. Among the in-door amusements 
may be mentioned a volume which is nearly ready for publication on the game 
of Chess. Experience has shown that where Chess is introduced as an amuse- 
ment into families and schools, it exerts a highly beneficial influence, by exciting 
@ taste for more exalted sources of recreation than are afforded by games of 
chance, which so far from producing a beneficial influence on the mind, are apt 
to disturb the temper, excite animosity, and foster a spirit of gambling. Chess, 
on the contrary, is an effort of pure skill; it gives healthy exercise to the 
mental powers ; it requires caution and forbearance on the part of both players ; 
it leaves the victor satisfied with having won the game without the additional 
stimulus of ‘a stake; and it entails no humiliation on the vanquished, but 
rather prompts him to greater exertions. We propose, therefore, to give the 
history and antiquities of the game of Chess, together with a series of Hasy 
Lessons, the object of which will be to make the young student acquainted 
with a few of the leading features of the principal openings, that he may form 
some idea of the richness of the territory of Chess, and to add a selection of 
Chess Problems. Chess Problems form one of the most attractive departments 
of the game; they enable us, more perhaps than anything else, to appreciate 
the subtle skill and resources of a first-rate player, and tend to elevate Chess to 
the rank of mathematical science. 

Among the works which include several of the foregoing Divisions, is one 
in four volumes, illustrating the Progress of the Year, wherein the information 
given is arranged under the form of Daily Readings. All the varied phenomena 
‘of nature, the animals, the plants, the minerals, assume different phases, 
according to the means and acquirements of the observer, the progress of science, 
and the climate under which the descriptions are given. As science advances, 
the descriptions of naturalists admit of modification and addition in order to 
keep pace with the progress of discovery ; hence our Year-books require renewal 
from time to time. The present is an attempt to furnish a seasonal account 
of the natural phenomena of the year, in conformity with the present state of 
knowledge. The work, however, will not be confined to natural history, but 
will be varied with notices of the arts, antiquities, manners and customs, of our 


native country; choice selections from our prose writers and poets; and a series 


of papers expressly adapted for Sunday reading, so that on whatever day, and at 


a0 (Collections dn cRépulan Eerie 


whatever season, the book be taken up, someting appropriate of an instructive 


and amusing nature may be found, calculated either for family reading or soli- 


tary perusal, as a fireside manual, or a travelling pocket companion. 
The following are among the works intended for this portion of the 
COLLECTIONS : 


Chronicles of the Seasons, or, the Progress of the Year; being a Course: 
of Daily Instruction and Amusement from fic Popular Details of ih Natural — 
History, Science, Art, Antiquities, and Biography of our Father-Land. In | 


Four Books. 
Book the First, containing the Months of January, February, and March, 
Book the Bend: containing April, May, and June. 
Book the Third, containing J uly, August, and September; 3s. 6d. eact 


The History, Antiquities, and Curiosities of the Game of Chess: 3 includ- © 


ing a Selection of Games, illustrative of the various Openings, Analysed and 
fexplained for the use of Young Players; together with a Choice Selection of — 


Chess Problems. 


The Sea—the Highway of the World; or the History and Practice of q 


Navigation in Ancient and Modern Times, familiarly explained. 


The Houses of all Nations; or,some Account, Historical and Descriptive, 4 
of the Progress of National and Domestio Architecture in all ae and Ages of — 


the World. 
The Games and Sports of the Ancients and Moderns. 


An Account of Shipwrecks, Fires, and other Calamities, at Sea. 


The works named in this Prospectus are those only which will immedi- 


ately appear. Other works will from time to time continue to be added to each ~ 


of the several Divisions of the Cottections In Poputar LiIreRATURE. 


London: John W. Parker, Publisher, West Strand. 
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